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INSULATOR-METAL TRANSITIONS AND SUPERCONDUCTIVITY OF
AMORPHOUS SEMICONDUCTORS AT PRESSURES UP TOQ 250 kbar

I.V, Berman, N,B. Brandt
M.V.Lomonosov State University, Moscow, USSR

The problem of the 1nsu1ator~metél (I-M) transition in amor-
» phous substances has recently become the subject of a great in-
terest. Of particular interest is the behaviour of such systems
near the I-M transition. We shall consider the Anderson I-M tran-
sition which takes place when the Fermi level EF crosses the mobi-
lity threshold Ec as some outer parameter is changed.

To classify disordered substances from the point of view of
their proximity to the Anderson transition, the so called Anderson
parameter él-—%— is used, where I is the value which is proportio-

*nal to the occupled states band wide (for doped semiconductors it
is the impurity band, for d-electrons - d-band, etc), W - the ener
gy scgtter. characterising the disorder. The Anderson transition
occurs at &_x 1. It is obvious that it is very difficult to reach
Andersontransition in metallic systems with large Fermi energy.

New interesting possibilities to study I-M transition come
from experiments in substances in which EF is small. Such situa-
tion can probably be in glassy chalcogenide semiconductors (GCS)
over some pressure intervals, )

For many GCS the electroresistivity/U and the activation
energies E , determined from/(> on T dependences, decrease smoothly
with increasing pressure /1-3/. The optical gap Eg
a-A3283 show the same behaviour /4/. The equality of twice the E,
to the Eg in a--AszSe3 indicates that the‘Fermi level lies at the

in a—AsZSe3 and

centre of an energy gap at high pressure as it does in most GCS at
Pu0, Ea vanishes at PC depending on the substance. At P> P, these
substances behave like metals, It is natural to suggest that the
-decrease in Ea and the transition to the metallic state in GCS.can
be due to the variation of thz relative position of EF and Ec'

Just the same situation can take place in other groups of amorpho-
us semiconductors. '

The investigations of the superconducting (SC) properties of

e

amorphous substances near I-M transition make it possible to put
up and to decide the number of principle questions : about the for-
ming the SC state and its peculiarities near I-M transitions;
about the nature of pressure influence on the SC transition tem-
perature Tc; about the peculiarities of the SC state in the sys-
tem of weakly localized electrons ; about the possibility of the
superconductivity in the localized state ; about the behaviour of
Tc in crystallizing amorphous system in the vicinity of the crys-
tallization threshold. The behaviour of Tc' critical magnetic
fields H_, (T) and critical currents J. in disordered materials
is now especially important in connection with the discovery the
SC high temperature ceramics with the considerable degree of the
disorder. In examining the superconductivity in these materials
it is necessary to differ their properties, connected with the
disorder or with the nature of the superconductivity.

X-ray data

X-ray studies of an a-AszTe3 /5/ after the compression up to
100 kbar showed that the sample crystallized into the phase
c-AsZTe3, stable under normal conditions, More detailed X-ray
studies of an a—AsZTe3 over the pressure range (0-100 kbar) and
after releasing pressure to zero showed that the real picture of
the crystallization of the sample was more complicated. The sam-
ple has been amorphous for 2-3 months at high pressures. At re-
leasing pressure it was stild amorphous for 1-2 days. After its
extraction from the high pressure chamber and standing for lon-
ger time the crystallization of the sample occured.

X-ray studies of an a—Si15Ag15Te7o showed that this sample
remained amorphous for not less that 1/2 year at applying and re-
leasing pressure over the preésure interval up to 100 kbar.

The electrical properties of GCS at high pressures
In a—-GeZS3 at P > 180 kbar followed by the parts of /O(T) cu-

rves on which the exponential change in jo is observed (300-150K),
the parts of a very slow increase in /0 are registrated in the in-
terval (150-114 K). There is no superconductivity in a—GeZS3.
There are conformities to natural laws for the behaviour of
the electrical and superconducting properties in a—ASZSeB,a—AszTeB,

B'GeZSEB’ a-GeTe, a—Ge33A5125855, a—Si15Ag15Te7O at high pressu-

res., At P> PC parts of the /O {(T) curves on which an exponential

change in /3 is observed can be clearly detected (in temperature
9



~(Eg-E,)
range (300-150 K),p~{
increase in p becomes less visible, It is impossible to discribe
theJa (T) curves by any known expression for hopping conductivi-
ty over the interval (150-1.4 K). E, vanishes at P=60, 70, 90,
160, 180, 20C kvar for a~Si15Ag15Te7O, a-As,Te;, a-GeTe,

. EF ~ B, = Ea)’ As T decreases the

8—6633A5125855, a—GeZSeB, a—Aszse5, accordingly., It is necessary

to take into account the uncertainty in PC determination caused,

first of all, by the change in the preexponential coefficient un-
der pressufe.

Pressure dependence of T,

At P>P_ over some pressure interval (20-30 kbar) the p (T)
curves retain their poorly defined semiconducting nature. Howe-
'ver, followed by the increase in JO with decreasing T one can
see the sharp drop in /D at low temperatures. The suppercgnducti—
vity sets in at PC:PC. The 2Ea and Tc on P dependences are shown
in Fig.1. ’

The superconductivity appears at very low temperatures
(~0.06 K) /6/. Fig.2. shows the T_ on P dependences fqr all enu-~
merated above GCS. The results for a—AsZSe5 are not shown because
the beginning of the SC transition in this material is registra-
ted at P ~200 kbar., It also moves to higher temperatures with in-
creasing pressure. The most interesting and unusual (for the crysta-
1line state of a nontransition materials) aspect of the onset of
the superconductivity is the strong increase in TC with the ap-
plied pressure near I-M transition and the saturation (or decrea-
se) in T_ at higher pressures.

TC for nontransition mater;als deciiase under pressure with
the typical rate dTC/dev - 107° Ke.kbar ', The main reason for
Tc decrease in this case is the increase of Debye temperature €
and, as a result, the decrease of the value of the electron-phonon
interaction. ' .

The appearance of the superconductivity and the increase in
Tc with the applied pressure in GCS near the I-M transition can
not be explained by GD change. The investigaticns of the elastic
properties of some GCS over the pressure 1nFerval (10~30 kbar)

(B—ASZSeBg a—GeZSeB) showed their "normal® behaviour - sound ve-

locities and GD increase under pressure /2/.
10

All the results - the persisting of the amorphous state at
~ Pc’ the appearance of the superconductivity in the pressure

range where Ea—’ 0, the unusually strong increase in TC over the
narrow .pressure interval, the negative resistance coefficient in
SC samples, the proximity of the conductivity to the Mott's mini-~
mum metallic conductivity value near Pc - indicate that the be-
haviour of the test systems is determined by the vicinity to the
I-M transition and by the weakness of the localization effects.
The question about thé localization effects on the supercon-
ductivity is so far open. There are a few models for explaining
the effect of the localization on the superconductivity: the in-
crease in the effective Coulowb repulson at the expence of the
electron diffusion weakening as EFr>E% s the Increase of the fluc-
tuation effects as EF—> Ec; the decrease in the density of elec-
tronic states N (EF) near E.. A very useful information can be re-
celved from H_, (T) and J_ on P measurements. :
The Hc2 (T) mesurements have shown, that a—AszTe3 and
a—Si15Ag15Te7O are hard superconductors (Fig,3). The slope

dch/dT decreases with incréasing pressure. If you estimate N (EF)
by the well-known relation ' '

;
N (Bp) = samm (WHgp/aT)y

the value N (EF) for a-As,Tes increases from -~ 0.2:107* to

0.8-1031+ cw™? erg‘1 as P increases from 80 to 110 kbar. Such a
strong increase in N (EF) testifies about the visible modifica-
tion of the N (E) on E dependence near E.. -

Now there are not reliable data which could allow to divide
the enumerated mechanisms of the‘localization effects on TC, ho-
wever the strong increase in N (EF) indicate to 1ts essential ro-
le in Tc change as EF moves away from Ec'

Jc are anomalous small at P::PC and increase by 2 orders of
magnitude as Tc increases py 2-3 times. This indicates to the per-
colation nature of the superconductivity near I-M transition,
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SUPERCONDUCTIVITY UNDER PRESSURE UP TO 50 GPA: NEW EVIDENCE
FOR THE S-T0O-L TRANSFER IN THE ALKALINE EARTH METALS

B. Bireckoven and J. Wittig )
Institut fiir Festksrperforschung, KFA Jiilich,
D-5170 Jilich, Germany

Many elements which are normally not superconducting bec?me
superconducting at high pressurei Perhaps the most striking
example so far is the element Cs Pressure-induced
superconductivity has also been discovered in the alkaline earth
metals Ba2’3 and Sr3’4. Band structure calculations point to an
appreciable s-to-d electron transfer in these metals with
increasing pressure5—7‘ We believe that the occurrence of
superconductivity most strikingly reflects the growing
d-transition metal character of the divalent metals. Therefore,

a quantitative investigation of the Tc(p) dependence up to the

highestbpossible pressure is of considerable interest. Such data
could also shed light on the occurrence of structural phase
.transitions8 under pressure and possible systematics of the p-T

phase diagrams for the whole family of divalent metals.

Opposed anvil pressure systems employing sintered diamond anvils
_have been used in recent years in the investiggtion of thg
superconductivity of the alkaline earth metals™' ",

According to our experience the useful pressure limit of such
systems lies somewhere between 30 and 40 GPa. This limit depends
of course on the diameter of the pressure cell and, in

particular,on the desired lifetime of the anvils. In order to

perforﬁ experiments at even higher pressures we have constrpcted
a single-crystal diamond anvil cell which has routinely been
used to over 50 GPa. Superconducting transitions are detect?d.by
a high sensitivity AC-SQUID system. The pregent papef ?ontalns a
brief summary of the experimental technique”. In addition we
present a recalibration T -VS-p of the "superconducting

manometer" Pb with respect to the ruby scale. Finally we report
our T _(p) data for Ba and Sr. Some possible implications are
c .

discussed. 14

i
[
i
!
!

Fig. 1 shows a crossection of the diamond anvil cell. A long
piston (2) fits in a cylinder (1) with close tolerance. The
diamonds rest on conventional rockers (3). The cylinder (1)
carries an outer thread making connection to the mechanical
press (4). The force generating system is essentially a variant
of previous designslo. A worm gear (9) drives a central shaft
(8). Bybmeans of gear wheels six screws (7) are simultaneously
turned. They compress stacks of disk springs (6) which are
located inside an intermediate piston (5). An axial bore serves
as a light path. Also indicated is the position of the primary
Helmholtz coil. Most parts are machined from nonmagnetic
hardened CuBe2 alloy. The disk springs are of utmost importance.
They guarantee that the pressure increases by less then 4%

during cooling to lHe temperature due to differential thermal
contraction.

Fig. 2 shows the rather delicate position of the pick-up coil in
very close neighborhood to the stainless steel gasket. The inner
(2) and the outer (3) coil are oppositely wound and thus form an
astatic pair rigidly imbedded in the coil form (1) out of epoxy
raisin. Schematically indicated in Fig. 3 is the measuring
principle. The diamagnetic response of the superconducting

sample (1) causes a change of the mutual inductance between the

o primary (3) and the pick-up coil (2}. The resulting 32 Hz-signal.

is coupled by means of the flux transformer (4) to the SQUID
sensor (5) which is immersed in a separate lHe-bath at a
constant temperature of 4.2 X.

The pressure cell is a 0,2 mm hole in the pre-indented gasket.
It is filled with the sample, vaseline as the protecting and
pressure transmitting medium and ruby powder. The pressure is

determined from the fluorescence line shift (d)\/dp =

0.365 nm/GPa). The pressure distribution can be scanned with a
focused laser beam (spot diameter roughly 6 pm).

We have made a major effort to recalibrate the superconducting
Pb-manometer with respect to the ruby scale. Fig. 4 is a
collection of data points for four independent series of
experiments. Horizontal bars indicate the total spread of the

pressure. In our conventional nomenclature vertical bars denote

15
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P

10%,. 50% and 90% values of the superconducting transition. Open

(closed) symbols have been measured on the pressure increas

ing
{(decreasing) cycle. It is evident that the T.-p dependence of Pb

is a smooth monotonously decreasing function of pressure up to
30 GPa. At this pressure the T, is depressed to 1.3 K which\is

@

often the lowest temperature conveniently to be reached in a lhHe

dewar. The details of the calibration procedure are described
elsewhere 9. Here we note that, fortunately, no measurable
anomaly occurs near the PbI-IT phase transition at 13 Gpa.
comparison the solid line in Fig. 4 shows our previous
provisional pressure scale 12.

For

Fig. 5 shows T.-p data for Ba to over 50 Gpa for one particular

pressure cell. The Tc~p dependence below 12.2 GPa 2 is |

tepresented by the solid line. The ranges of stability of the

various high pressure phases8 are marked on the bottom line.

BalV is stable between 12.2 GPa and 46 GPa. It is seen that Tc

decreases rather moderately in this phase. It is also.seen that
the slope becomes steeper between the two highest pressure
points (open triangles). The data on the releasing cycle (closed
triangles) confirm our expectation that the steeper slope muét
be attributed to theiformation of BaV. The phase BaV can

. metastably exist down to a pressure of about 27 GPa where its
T. exceeds 7 K. Below 35 GPa we observe two clearly separated

superconducting transitions proving the coexistence of both
phases. Eventually, at 13 GPa a singie transition indicates
complete reconversation to BaIv.

Fig. 6 shows Tc-p data for Sr between 35 and 50 GPa for two

different cells together with previous data 4 below 1.2 K. Again

ranges of stability of Jdifferent crystallographic phases 8 are

“Indicated on the bottom line. Like Ba, Sr becomeg an excellent

superconductor (by the standards of pure metals at least) T

exceeding 7 K at 50 GPa. Two pronounced discontinuities at 35

and :about 46 GPa are in good agreement with the suggested phase
transitions at those pressures

One may also notice that the
IV-V transition is slightly hysteretic. )

3. SQUID detection system N
) ick-up coll,
o (5) SQUID-probe (SHE—model

Fig. . 1 (3) field coil,
(1) sample,
(4) flux transformexr,

MFP), (6) coaxial cable. 19
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The possibility of ‘a generalized phase diagram for the-alkaline
earth metals under pressure has often been discussed. For
.instance 0lijnyk and Holzapfel have concluded that the high
pressure phases BalV and SrV are identical 8. From our
guperconductivity data there is in fact some similarity between:
Balv and Srv since T, increases discontinuously in both metals

when these high pressure phases are formed (Fig. 5 and 6). On
the other hand there are two features which are pronouncedly

different in these materials. Firstly, T, rises in phase SrV

with pressure whereas it decreases in BaIV. Secondly, the

discontinuity at the SrIII/IV transition is entirely absent at
{
the corresponding hcp-to-BaIIl transformation (Fig. 5). We

fherefore. think that the prcblem whether BaIV and SrV are
identical is still unsolved. At any rate, we believe that the
high Tc's wich we have discovered point to substantial

d-transition metal character at high pressure 13. ' !

_We wish to thank J. Evers for the preparation of high purity Ba
__and Srometal. ' ‘
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EFFECT OF PRESSURE ON SUPERCONDUCTIVE PROFERTIES OF
BaPby_ Bi O, MONOCRYSTALS

S.L.Bud'koI, A.G,Gapotchenkol, E.S.ItskevichI,
V.F. KraidenovI, AV, Kuznetsovz, A.P.Menushenkovz,

E.A,Protasov®, V.N.Stepankin?

IInstitute of High Pressure Physics, the USSR Academy

of Sciences, Troitsk, USSR

ZMoscow Physical-Engineering Institute, Moscow, USSR
Extraordinary properties of superconductive BanI w10
(BPB) led to the assumption of out-of-ordinary mechanism of the
superconductivity in this material, One of the models suggested
is the superconductivity of localized pairs'/I,Z/

So far investigations under pressure were performed only
for ceramic samples and they brought out linear decrease of T
as pressure increases with the derivative dT /dp= -0.29 K/GPa~I
/3/+ The behaviour of the second critical field under pressure
_was not-investigated at all though it could be useful for deter-
mination of & mechanism of the superconductivity in BPB,

The BCS theory gives good qualitative explanation of the
_decrease of the critical temperature with the increase of pres-
sure observed for the greater part of superconductors,

‘ For present-day step of development of the theory of loca-
1ized pairs it was no communicstion about properties of such
’7'stems under pressure. However an evaluation of the magnitude
the second critical field for the superconductor with locali-
ed pairs was presented in /2/., It gives an opportunity to deter-
ine qualitatively the pressure dependence of H%S(P) in this

. -6 o =T

Te

(%)

re X

is the compressibility.
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Within the scope of the model of localized pairs the cri-
{ical vemperature is determine

densation 4/

d by the temperature of Bose-con-
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{HE METHOD OF DIELECTRIC-TO-METAL AND SUPERCONDUCTING
TRANSITIONS INVESTIGATION USING "ROUNDED CONE - PLANE
ANVIL® APPARATUS WITH PRESSURE MEASUREMENTS ON RUBY
SCALE

Vv.B.Begoulev, Yu.A.Timofeev, B.V.Vinogradov, E.N.Yakovliev

L.F.Vereschagin Institute for High Pressure Physics of the
USSR Academy of Sciences, Troitsk, USSR

The method of investigation of dielectric-to-metal phase
transitions and superconductivity of high-pressure phases with
simultaneous pressure measurements on ruby scale within the tempe-
rature range of 4,24300 K was described, The value of supercon-
ducting transition presasure of SnTe was determined (22 GPa). The
superconductivity of GeTe was discovered at a pressure higher
than 44 GPa.

In our experiments the "rounded cone - plane anvil" apparatus

was used. The sample preparation procedure was similar to that
used in /1/. The powder (the size of grain 1—5/um) of substances
(SnTe, GeTe) was deposited on a flat surface of carbonado anvil
out of ethanol suspension. The thickness of the powder layer was
20130,mm(F1g.1). The diamond-carbonado is electroconductor and
fulfils the contact witn the sample. The second electrocontact
with the sample was fulfilled by means of metallic film 0.1 pm
of silver obtained by vacuum evaporation over ruby powder (the si-

ze of grain 1—2,mm) which had been deposited out of ethanol sus-—

pension on the rounded cone anvil.

, Fig,1, Hi
The anvils were 1oaded by hydraulic press and fixed by the AbBGV gh pressure cel

o) e e
stat., This construction of cryostat gives the possibility of scan-~ ‘ _semple gsgrains
ning the temperature time after time within the range of 4,2-300 K.
The “inverted" Dewar systed /2/ was used for temperature regulati
on (Fig.2). . .
The pressure values were determined by the measurement of
R1-11ne shift of ruby. It was shown in /3/ that the derivative
dA/dp of R1-11ne shift 1is practically constant within the tempe-
“rature range of 4.2-300 K. Because of this fact we used the ruby

scale of /u/ at helium temperature taking into account the R1—11ne;

1 (part):
ibution 1n.th
e sample at diff
n
33 - glﬁeagzii Tade of "carbonado" ?ge:tuloades_
~flat anvil made ¥ r34 - silver film: 5p que) ;
of natural diamond (tréhspa;epgydered
nt).

clamp. The clamp with the anvils was placed into a helium cryo-

‘Fig 2007
Lo psea yostat
1 = sectional fl:i;g Pigh pressure cell:

: 4= liquid . nit 3 2 - stainless steel t
Sell oo nitrogen; 5 - » ubes ; 3 - 1i
157 -~ heat shield ; 82 optigair:ig;o a5 g’ é 5 highqpigsgﬁié_

ble platform ; ws 3 J
’ - $+ 11 - microscope for transingn;eosgzgﬁive; 19 -mo-
rements,

shift at the decrease of temperature from 300 K to 4.2 K at atmos-
pheric pressure.

Pressure measurements at different points of the sample were
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made by the cryostat with the clamp movement - in the plane perpen-
dicular to the direction of the laser beam. The cryostat was pla-
ced on a movable platform. The laser beam was directed to the ob-
jective and focused on the 10pam spot. The image of the luminous
spot was projected on to the input of DFS-24 spectrometer.
Superconducting transition was determined by @& resistance
measurement. The temperature of the sample was taken by the wAllen

10.10

Bradley" thermometer.
The compounds of the group IV-VI elements SnTe and GeTe were
chosen as the objects of the research. Under ambient conditions

10.09

these substances are semiconductors. 9075
snTe. At zero pressure snTe has the NaCl-type structure, at
4,8 gpa SnTe undergoes the phase transition to GeS-type structure

/5/. In the article /6/ it was shown that at nigh pressure (of un- -

known value) SnTe is a superconductor. The authors of /7/ obser- 9.070
ved the ngeS" —»"C3C1" phase transition in SnTe atv20—25 GpPa. In
this connection it was of particular interest to determine the
pressure of SnTe transition 1nto‘superconducting state.

The resistance—temperature dependences (R(T)) at different va-
lues of maximum preesure in the anvil (Pmax) was analysed. The ana-
1ysis showed that the typical superconducting kink in the Rr{T) de-
penuence of SnTe appeared at Pmax> 22 Gpa Fig.3. The pressure
Pmax being jncreased up to 50 GPa the superconductivity of SnTe
remains. The comparison of the “Ges"—»“CsCl“ transition pressure
/7/ with the pressure Ppay of the appearance of superconductivity T K
allowed to suppose that the superconductivity is the property of 4
wcsC1* phase of snTe. gi%if; R(T)~dependences

GeTl. The authors of /8,9/ have studied the high pressure ‘ at different valugg i?mgle of SnTe and
phases of GeTe. AS well as snTe, GeTe undergoes phase transitions max*®
at high pressure.'The discovered high pressure phases of GeTe are
the semiconductors. By analogy with SnTe the appearance of super-
conductivity of GeTe at sufficiently high pressure was expected.
Fig.b. demonstrates the GeTe temperature dependences of resistan-
ce (R(T))at different pressures Prax® At the pressures Pmai< 4L4GPa
the dependence R{T) has semiconducting characteristic features.

At the pressures Pmax;7hh Gpa the dependence R(T) has the typical
superconducting kink. This fact allowed us to suppose that GeTe
undergoes nhase transitions in the newvw modification with supercon-

516 |
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ducting properties.
These 1nvestigations showed that the above described method

makes it possible to combine the measurements of electrical pro-
0.
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pérg;es of 'substances with pressure measurements on ruby scale and
to détermine the value of phase transition pressure. It would be
interesting to.note that at present time the information about

4 GPa phase transition in GeTe is absent. It is supposed that by
analogy with SnTe the superconductivity phase of GeTe has the -
"CsCim structure. ’
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Di bis(ethylenedithio)tetrathiafulvalene thriiodide,
.ﬁ—(BEDT—TTF)2I3 is an organic metal drasticaly different from
both BEDT-TTF salts and all organic superconductors. It's pecu-
liarity is pressure induced phase transition from the low-Tc
p -I.5 phase (Tc=I'5 K) to the high~T, 8 -8 phase (Tc=7.5-8 ).

The superconducting transition shift of B —(BEDT—‘I‘TF)ZI3
under pressure with a clamp cell is shown in Fig.I. The silicon-
-organic liquid TKE-94 was used as pressure transmitting medium.
Superconducting transition was detected by resistance disapea~
rance, measured by usual 4 probe dc-method,

The pressure (P) dependence of T, is plotted in Fig.2 (cu-
rve I). It is seen, that at moderate pressure ~ I kbar the su-
perconducting state with Tc_7.5-8 K arises. This is the highest

up~to-date T value for organic superconductors, The attractive
feature of P (BEDT—TTF)zI is unusually strong pressure depen-
dence of T - 4T /dP reaches - 2 K/kbar (this value is by two
orders of magnitude greatexr .than that pf conventional supercon-
ductors and at least by an order greater than that of (TMTSF) ;X
salts /2/). Also, the pressure dependence of room temperature
conductivity B —(BED'I‘—TTF)EI5 is anomglous - dBT(P)/gf(I barﬂ /

. dP=150%/kbar, it is from 4 to IO times greater than that of other

organic metals /2/.
The direct detection ofﬁ -I.5#4~8 conversion has been
carried out for the first time by the use of helium gas bomb snd

spring contacts /3/.

Fig. 3 shows the pressure (P) dependence of‘ﬁ —(BEDT—TTF)é[;

resistance (R) during pressure cycling at a number of fixed tem—
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peratures. At the beginning of each cycle the sesmple is in
-I.5 state., The resistance jumps correspond to the ‘ﬁ =1.5»
ﬂ"B transition. Similar resistance jumps were observed during.

cooling and next warming under fixed pressure.

The transition temperature and pressure values are plotted
Curve I corresponds t0 £-8— 8-I.5
Curve 2 exhibits to
It is seen,

in Fig.4 (curves I and 2).
conversion during warming (off-loading).
formation of 5-8 phase during cooling (loading).
that p -8 phase can be produced at pressures substantislly lower
than 0.5-I kbar reported in /I, 4/. The pressures limiting the
region of g ~I.5 occurence at temperatures below, say IIO K are
shown by curve 3 in Fig.4.

As seen from P~T phase diagram sketch(Fig. 4), the domain
of P -8 phase stability is limited by lines of curves 2 and 3.
“The T and 2 curves are hysteresis branchs of.ﬁ -I.ng_p-e con-
version. The hysteresis diseppearence near T =I50 K, Pz=400 bar
may indicate the change of the phase transition type. This may
be due to the existence in this region of the ternary point. The
one of the other lines entering this point is, for example, the
superstructure phase transition (type 2) line 4 in g -I1.5 state,
experimentally detected by derivative dR/dT Jumps at fixed pres-
‘sures.
. The B -8 state can exist at normal pressure also if the
crystals of A --(131’1‘.])’1?-’.[".[‘3‘)215 are obtained by thermolyses of
jodine rich complex & —(BEDT—TTF)217 /5/. T, vs. P plott for
two such samples (in the following'p') is shown in Fig.2 - . cur—-
ves 2,:2' and 3, 3'. Evidently, ﬁ' crystals may also posses two
superconducting state: the low and the high pressure phases.
This result can be understood if we take into account that

ﬁ' crystals are mosaic with a nuwber of misoriented twins /6/.

Then ohe can suppose that some part of ﬁ’ sample is in an or-

dinary f> -I.5 state while another, say grain boundaries, is in
<8 state even at normal pressure /7/. This stabilizationﬂof
thefhigh-Tc p -8 statc without pressurisation is obviously cau-

sed due to intrinsic stresses.
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Fig.2. Pressure dependence of superconducting transition teme
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The aim of this paper Is to explain the experimentally observed pressure
induced superconductivity in some of the elemental solids based on bandstructure

studies. The superconducting transition temperature (Tc) of most of the solids

they are subjected to high pressures,

decreases when The interesting aspect

which Is discussed here is with regard to the materials which become
superconductors when they are subjected to high pressures, It has been
experimentally observed that the trivalent as well as most of the divalent

metals which are not normally superconductors become superconductors under

-high pressure and their TC values increase with pressure [1}. It is more

Interesting to note that even non-metals such as Si and P become superconductors

under high pressure, The sequence of structural phase. transitions, the

phenomenon of metallization of non-metals as well as the trends in Tc values

the above materials have been reviewed by

8s a function of pressure of

Jayaraman [2}

Electronic Structure and 'l‘c Calculation

The superconducting behaviour exhibited by solids like Li, Ba, Lu and Si

is explained here by pérforming their bandstructure czlalculations. Apart from

the above mentioned metals, ‘pressure induced superconductivity  has - been

investigated In S¢ and Y also. The bandstructure methods used are the

Augmented Plane Wave (APW} method,

Linear Muffin-tin Orbital (LMTO) method,
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its relativistic version (RAPW) and the

To determine Tc of a solid at a

given pressure, the bandstructure results such as the Fermi energy (EF), the

density of states at the Fermi energy N(EF) as well as the phase shifts are

required. The first and the foremost requirement to do the bandstructure

is to know the crystal structure at the given pressure, which can be obtained
from high pressure - low temperature x-ray diffraction studies, In the absence
the equation of state for solids have been used

of such experimental data,

to determine the volume changes.

. . e '
The superconducting transition temperature is determined uisng McMillan's

formula, . i

8 [ 104 +2)
Te = a5 L5 n Tosm)

The electron-phonon coupling constant 2 is given by
NEL) < 12>

M<w2>

(2}

The "electron-electron interaction constant u* can be expressed in terms of

N(EF). BD is the Debye temperature. M is the atomic mass and <w®> is the

2 ! :
average ‘of the square of the phonon frequency. N(EF) <1%> contained in the

expression for A is calculated using the Gaspari-Gyorffy formula [ 3], which is
made up of ‘the bandstructure outputs such as the Fermi energy EF' the density

of statesat the Fermi energy N(EF) and the scattering phase shifts 60, :Sl,
62 and 53.
Effect of Pressure on the Phoson Frequency

. iati ’ i ctu is
To -explain the variation of Tc with pressure the electronic structure

fepeated as a function of pressure or in other words by changing the lactice

phonon  bandstructure calculation nor
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experimental information regarding the behaviour of phonons as a function

of pressure is available. Hence in most of the calculations which attempt to

. . 2. .
explain the variation of TC with pressure <w’> is kept as a constant. But in
reality it increases with pressure and its variation, even if it is very small cannot

be ignored as it enters into the exponential of equation (1) through A.

One of the salient features of the present work is that a simple‘procedure
has been adoptd to determine the variation of <w2> with pressure by studying
the variation of Gruneisen parameter with pressure. The Gruneisen parameter
Is defined as

din <w2> 1/2 )

G~ dInV
This procedure was used to study the variation ol’<m2> as a function of pressure
in the case of lanthanum [4]. The existing theoretical relations were used to
study the pressure dependence of Yo Thié together with the knowledge of the
volume change with pressure was used in (3) to determine the variation of
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with pressure. The results obtained are given in Table 1. From the
table it can be seen that the Tc values calculated by us using the above
pi’ocedure are very close to the experimental values than that of Pickett
et al [_5] “\rherein<m2> was kept constant. The considerable variation in the
value of <w2> and henc‘e its effect of T. from Table | emphasizes the importance
of studying the effect of pressure on the phonon spectrum and its inclusion in

the determination of Tc. The above procedure should work well as long as there

is no structural transition, ' ‘

Superconducting Behaviour under FPressure

Bandstructure calculations were performed for a series of pressures for

the metal Lu whose electronic configuration is SdI Gsz. RAPW method was

used to do the bandstructure calculation. The effect of pressure on the phonon
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Table 1. PHONON FREQUENCIES AND T

T, (K}
Pressure <w EN 1/2 A c
(kbar) (K) Pickett et al | Present work | Experiment
50 95.60 1.55 11.6 10.28 10.0
120 105.19 1.62 14.5 11.8 11.8

frequency was incorporated as was discussed in the previous section. The

theoretical calculation [6] is able to explain the experimental trend viz. that

TC shows a gradual incremeat with pressure.

It was observed by Lin and Dunn {7] that Li shows a sudden drop in its
electrical resistance at high pressure and this was attributed to the onset of

superconductivity. The bandstructure calculation was performed by APW method

at 247 kbar pressure since the crystal structure as well as the cell volume were
known for this pressure. As Li is not a transition metal, the reduced form of
the Gaspari-Gyorffy relation was used to calculate A, The calculated value
of Tc is 11,03 K [8] whereas the predicted value is 7 K.

Si when subjected to high pressures undergoes a series of structural

transitions. It exhibits loss of covalency and metallisation under pressure. In
the metallic state Si becomes -a superconductor and has a maximum TC of
8.2 K at 152 kbar. Recent x-ray diffraction study of Olijnyk et al showed that

S| transforms to the hcp phase at 430 kbar. The bandstructure calculation

was done at this pressure using the measured lattice constants. As Si has sp
configuration <l% was calculated using the expression
2 2 2.2 .2 ‘ ’
<I%> = 2 Kp (5 Ep)T <V (4)

which is based on pseudopotential formalism. The theoretically calculated value

of TC is 9.06 K whereas the experimental value is 10.0 K [9]).

induced superconductivity was studied using the LMTQO

For Ba, pressure

The electron-phonon matrix element can be written as

41

method.



Table 2. 'd" PHASE SHIFTS AT THE FERMI ENERGY AND 'd' ELECTRON

NUMBER

Pressure (kbar} EF (Ryd) GZ(EF) Ly

0 0.455 0.344 1.00

- 36 0.488 0.357 113

103 0.546 0.384 1.22

157 0.597 0.406 1.29

191 0.627 . 0.418 1.33

230 0.654 0.429 1.36
1 o2
Nh'hl = - %(EF) %”(EF) { (D(Eg) - %) (Dy, |(Ep) + L+ 2) + [Ef - V(s)] 8“1

(5)

The superconducting transition temperature is calculaled using the McMillan's

formula and the calculated value of TC is 84 pK at 40 kbar and Ba just starts

superconducting.
. s -+ d Electron Transfer

Wittig  proposed that the mechanism which is responsible for pressure

induced superconductivity is the increase of d-electron population because of
pressure, In the case of Lu, the Friedel sum rule was used to calculate the

d electron number Zd which is given by

10

-z . 10
LS

4 8,(Ep) - (6)

Table 2 gives the Fermi energy, the d phase shift and the d electron number
as a function of pressure. In the case of Ba, the use of LMTO method directly
gives the‘ distribution of 5 52 electrons into s, p, d and f like contribl;tions for
0 and 40 kbar pressure (Table 3) [10). The fact that the d-electron éontribution

Increases as a function of pressure as observed from Tables 2 and 3 confirms

d electron transfer” to promote superconductivity.
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Wittig's prediction of s

According to ‘Hopfield, the sign of ch/dp is ‘decided from the value of
Yo This has been tested and found to be true for small pressutes. But it
is not clear at this stage whether this criterion will work at high pressures.
‘For instance, in the case of La, ch/dp is positive to start with and becomes

negative at higher pressures.

Table 3. PARTIAL DENSITIES OF VALENCE ELECTRONS

s, p, d and f distribution
Pressure (kbar) EF (Ryd)
s. p d f
0 0.294 0.755 | 0.354 | 0.864 | 0.028
40 0.409 0.631 0.257 1.064 0.049
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INFLUENCE OF PRESSURE ON ELECTRON SPECTRA OF METALS AND
SEMICONDUCTORS

E.8.Itskevich, 5.L.,Bud'ko, A.G.Gapotchenko, V.F.Kraidenov
Institute of High Pressure Physics, the USSR Academy of
Sciences, Troitsk, USSR

I. We have already reported the results of direct observa-
tions of electron-topological phase transition (BTT) in cadmium
/I/. The appearance of new dHvA-frequencies corresponding Lo the
Fermi surface (FS) change, i.e.restoring of folding of hole
"monster" and electron "needle" appearance is observed under
pressure., In this report we are going to enlarge on the ETT con-
sequences study in cadmium - on the advent of anomalous electro-
nic features in transverse magnetoresistance and thermoelectric
power, k

As with the FS variations its topology changes, thejéxx(H)
dependence must alter its behaviour. /Dxx(H) measurements were
conducted at I.,6-4.2 K in the field up to 8 T at pressure up to
2 GPa /2/. Square dependence for H ll [000I] and I/l [II20] ori-
entations at pressure below 1.6 GPa and its trend towards satu~
ration thereabove were observed, At H Il [TI20] and I/ [000I] =~
~ H2 dependence existed within the whole range.

Thermoelectric power (E) was measured within the range of
4-300 X at a pressuie up to 3 GPa by means of methodics /3/. The
results are presented in Fig.I. The specimen's axis is [/l [000I],
The general behaviour of the curves E(T) within the range of
J0-300 K at a pressure up to 2 GPa is similar, presenting a maxi-
mum at Tx 30 K, wide minimum at 70-I20 K and then a rise up to
%200 K. The maximum is caused by the phonon drag and is related
to the hole part of the FS in the first Brillouin zone. As pres-
sure grows (p> 2 GPa) the maximum disappears due to the decrease
of the said part and the revealed growth of the diffusive contri-
bution in comparison with the phonon one. Appearence of the posi-
tive mexima at py» 2 GPa at T=4.7 K we related to the connection
of the waists of monster as it occurs in Zn at p=0 /4/. At T<6 K
maximum of thermoelectric power in E(p) relationship is observed
which is due to BIT and is in accordance with /2/ and theory.

2, EIT in rhenium was not observedvby direct methods. There
were some data on the nonlinear pressure dependence of Tc of

44

transition to superconducting state with (dz&Tc/dp)ggﬁlin at

p=I.2 GPa and the anomaly of thermoelectric power was also seen
at p=I.3 GPa. ,

dHvA-messurements at a pressure up to 2.5 GPa and the cal-
culation of the FS by LMIO-method were conducted /5/. The measu-
rements were carried out in the field up to 8 T at I.7-4.,2 K for
the field orientations along the basic crystallographic axes for
closed parts of the FS in the Sth, Bth, 7th and Bth zones (h5'
b, by, - point L end hy ~ point .

The obtained results are listed in Table I, All the measu-
red frequencies (F) were observed within the whole pressure range
without any deviastions from the linearity F(p). No new frequenci-
es were noted. The pressure derivatives of frequencies (PD =
=d 1nF/dp) are small and are in sgreement with the known ones
st low pressures., A large effective mass of quasi-particles on
appearing part of the FS may serve as a possible reason for a
fail to detect any new frequencies,

Table I. dHvA frequencies and their PD for FS of rhenium

some Field F, T PD.I0° GPa~t
direction )
1010 78.2 II
h
5 1130 9I.0 8.4
100 1650 3
he 1130 1490 2
0001 1580 5
by 1010 6410 7
1150 6750 2
N 1oio 6630 - 20
8 0001 4900 4

Self-consistent calculation /5/ gave a band structure, FS
and density of states at various values of lattice constants, gi-
ves true values of PD for T, and for dHvA frequences, Spin-orbit
interaction was not taken into account that did not allow to re-
¢eive a detailed topological picture of the FS intersected by
the AHL plane.
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3¢ As far as indium is concerned the ETT was not observed
directly either, PD for the FS in indium obtained by dHvA measu—
rements of the electron ﬁ-arms in the §d zone maximal cross~
-es8ction and the hole part sections of the FS in- the Zd zone at
& pressure vwp to ~ 0,6 GPa are presented in /6/. The appearance
of nonlinear component of Tc(p) in In was interpreted as a con-
sequence of ETT,

dHVA spectrum in indium is studied for four orientations of
the magnetic field at a pressure up to I,5-2 GPa. dHvVA frequen-
cies connected with JB -arms were observed for all orientations.
The results (PD) are listed in Table 2, they are in agreement
with data /6/. No anomalous behaviour of dHvA frequencies and
no trace of the new ones have been seen.

Table 2. Pressure derivatives of dHvA frequencies of
PS of indium in 3-d zone

Direct.of H 110 -.100 IIT OII
-I

PD, GPa e 4 70 68

4, There is a sound foundation to expect ETT in gadolinium,
Extrapolation to zero of pressure dependence of dHvA freqﬁency
Fy=53 T measured in /7/ up to pressure of 0,4 GPa gives Pgppp =
= 0.8 GPa. The FS possessing a number of features common with
other rare earth metals and ittrium has essential differences.
In a ferromagnetic state the central columns in the Bd } and the
4th 1 subzones and the electron many-folding rihg of the FPMK
plain in the 3d t subzone remain from the hole column with "webb-
ing" appropriate to the paramagnetic state. They produce the dHvA
frequencies of (I+7)-IO3 T. The existence of low frequencies may
be explained in case we suggest that the FS saves a part of webb-
ing in the AHL plain in subzone 3 { near point H and the level
4 } touches up on the Fermi level in that poin'.

We studied the transverse magnetoresistance in Gd on the

semples with at I.7 K in the field up to 7 T with H i [000T ]
and I [II20] and with H /[II20]and T /[10I0] orientations. The

curves obtained at a pressure up to I.% GPa are presented in
Fig.2. We have revealed some qualitative changes of Joxx(H) de~
pendence at p > 0.6 GPa for both samples (the appearance of clea-
rly seen extrema). We consider the magnetoresistance extrema to
be attributed to ETT.

References

,'I. Ttskevich E.S. The effect of the high pressure upon electron

structures of metals and semiconductors / IntHigh Pressure
in Science and Technology, Proc, 9th AIRAPT Conf., Albany,
N-Y, USA, 1983, part I, p.33I-340,

2. Bud'ko 8.L., Gapotchenko A.G., Itskevich E.S. Magnetoresis-—

“‘tence of cadmium in the region of electron-topological tran-
sition /Fiz.Met,Met., ~ I986. - 62, I. - P.76-78.

%. Bud'ko S.L., Gapotchenko A.G., Itskevich E.S., Kraidenov V.F,
Measurement of the thermoelectric power of metals at low tem-—
peratures under the pressure /Prib.Tech.Exper. - 1986.- 5. -
P,189-190. : -

4, Rowe V.A., Schroeder P,A. Thermopower of Mg, Cd and Zn bet-
ween I.2 and 300 K /J.Phys.Chem.Solids. - 1970.-3I, I. -P.I-8.

5. Bud'ko S.L., Vinokurova L.I., Gapotchenko A.G., Itskevich E.S.,
Kulatov E.T., Pomirchi L.M, Investigdtion of the Fermi surface
of rhenium under pressure /Preprint IOFAN SSSR, 7I, I985,Mos-

cow.
6, 0'Sulliven W.J., Schirber J.E., Anderson J.R. Fermi surface
of In under hydrostatic pressure /Solid St.Comm. - I967. -
2y - P.525-527.
Y. Bchirber J,B., Schmidt F.A,, Hsrmon B,N., Koelling D.D. Effect
of pressure on the Fermi surface and band structure of ferro-
megnetic Gd /Phys.Rev. B, - 1977.-16.-P.3230-3233,

Env
00 |
5 |
0 ; S
‘20 o \/' 2 1 2 n |r.1 L 1 [}
4 7 {0 20 wTK 50 80 100 150 200250

Fig.1. Temperature dependence of thermoelectric power in Cd
{(along [0C01] direction) in pressure range 0-3.0 GPa:
1 - 1.0 GPa; 2 - 1.25 GPa; 3 - 1.6 GPa; 4 -~ 2.0 GPa; 5 ~ 3.0 GPa,

a7



" n " i i L

| 2 3 4 5 & 71 HT

Fig.2. Field dependence of transverse megnetoresistance of
Gd under pressure:

I~ 0.I GPaj 2 - 0,55 GPaj 3 - I,I GPej a) I #[II20],

H Il [oo0I], b) I/ [10I01, H N [1130).

48

PRESSURE INDUCED ELECTRONIC AND STRUCTURAL TRANSFORMATION
IN BULK SEMICONDUCTING AMORPHOUS, T1l-Se ALLOYS

G. Parthasarathy®™, S.Asokan, G.M.Naik
Instrumentation and Services Unit, Indian Institute of
Science, Bangalore - 560012, India

¥present address

Fachbereich Physik, Universitdt-GH-Paderborn,
Postfach 16 2I, D-4790 Paderborn, Federal Republic of
Germany

Abstract

The electrical resistivity of bulk semiconducting amor-
phous TlxseIOO—x alloys with 0<% x £25 has been investigated up
to a pressure of I4 GPa and down to liquid nitrogen temperature
by use of a Bridgman anvil device. All the glasses undergo a dis-
continuous pressure induced semiconductor-to-metal transition.

I. Introduction

Many years ago Ferrier, Prado and Anseau (1I972) have stu-
died amorphous Tl-Te films and discovered drastic variations of
the electrical conductivity and its activation energy as a func-
tion of composition, The dc conductivity measured at liquid nit-
rogen temperature suggested that the material changed nine times
from metallic to semiconducting behsaviour, with the latter occur—
ing at compositions TemT12 for m=I, 2...7 as well as at T62T13

~-and Te5T15. Paesler (I976) has studied the compositional depen-

dence on optical edge, thermo power of amorphous Te-T1 films,
Pgesler (I976) observed that the width of the pseudo-gap was re—
latively constant over a range of compositions in which the con-
ductivity had passed through two maxima and minima., However, it
is infteresting to note that the Tl-Se system do not exhibit such
a drastic variations of the thermal and electrical properties as
a function of composition (Cervinka and Hraby 1979, Parthasasra-
thy, Naik and Asokan I987). In this paper we report our electri-
cal resistivity measurements on bulk amorphous TlxseIOO-x alloya
as a function of pressure, temperature and composition.
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2. Experimental

The preparation and characterization of the Tleé‘IOO-x
glasses have been discussed in detail by Parthasarathy et al.
(1987). High pressure electrical resistivity measurements were
carried out in g Bridgman anvil system, described by Bandyopa-
dhyay, Nalini, Gopal, Subramanyam (1980), The temperature range
of,investigation was limited at the low tem

perature region, be-
cause of the high resistance of the samples especially at low
pressures,

3. Results and discussions
The variations of the electrical resistivity as a function
of pressure for T1_Se

¥°CT00-x glasses are summarised in Figure I,
411 the glasses exhibit negative pressure coefficient of the

electrical resistivity, which is the general behaviour of chalco-
genide semiconducting glasses (Parthasarathy and Gopal I985), The
effect of pressure on the refractive index (n) and the absorption
edge (Eo) of many chalcogeride glasses has been studied by Kast-
ner (I972) up to 0.2 GPa pressure. It is found that —%—(%%) is

positive for all the glassy chalcogenides, 8102 (Vedam and Davis
1967), and the other glassy materials containing chalcogens
(Parthasarathy and Gopal I985). The local field correct

ions ap-
bear to be responsible for a positive(—%%—). It is interesting

to note that for tetrahedrally bondsd Ge-class amorphous materi-
als (g%) is negative (Connéll and Paul 1972, Minomura I982),
The pressure coefficient of resistivity mainly depends upon the
pressure coefficient of the absorption edge (dEo/dp).

of pressure on the chalcogenide glasses is only on the
teraction volunme,

The effect
mushy in-
to force the closed shells closer together wit~
hout affecting the covalent bond lengths. The closed shell inter-

actions result in a band broadening with a decrease in EO with
pressure (Kastner I973), Thus the negative pressure coefficient
of the electrical resistivity of chalcogenide glasses is unders—
tood qualitatively. However, 'a quantitative analysis of the pres-
sure dependence on the electrical resistivity ot these glasses

is complicated, because, ths electrical resistivity is not only
determined by the gap but also by the mobility,
nesr Fermi level and the pbsition of the Fermi 1
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density of states
evel (Mott 1987),

i dergo
It is interesting to note that TlxseIOO—x glasses unde f
a discontinucus pressure induced semiconductor-to~metal transi-
tion (Fig.I). The value of the electrical resistivity of the
high pressure phase lies in the range of I00 to I000 {l.cm,
The temperature coefficient of the samples in the metallic ?;?se

: - le to I0.52 u K+

values from 0.80 /uil.cm K for T158695 sample 5 /
cn K—I for T1255675 sample, The transition pressure decrease?
with T1 content. The variation of dc conductivity as a function
of temperatures obeys the Arrhenius relation

@ =3, exp ( - E/kr )

where & (SE_I cm T ) is the pre-exponential factor; AE = the
k activatign energy for electrical conduction; k = Boltzmann con-

bl

stant, T = temperature.

The variation of the conductivity activation energy %n
TlxseIOO—x glasses as a function of pressure is s?own in Fig.2.
A1l the samples exhibit a negative pressure coefficient of the
conductivity activation energy. The value of the optical gap of
chalcogenide glasses, decreases with pressure at a rate between
~0.T and -0.2 ev.GPa™t (Kastner I972). This renge wou}d be in
sgreement with our electrical measurements shown in Flg.z, beca~
use the conductivity activation energy AE and the optical gap

- E.of most chalcogenide glassy semiconductors are related appro-
xgmately as - pAE = gg , which assumes that the Fermi %evelris
near the center of the gap. This decrease of the gap 1s.accompa—
‘niéd by an increase in the refractive index hence t?e dielectric
constant, which further tends to decrease the localization of gap
states and promotes metallic conduction at high pressures.

The X-ray powder pattern has been teken for the samples re-
covered from the high pressure cell after subjected to the tran~
sition pressure. It is found that all the glasses undergo phase
separation under high pressure during the semiconductor-to-metal
transition. The high pressure phase has the mixtures of Se with
hexagonal structure a= 0,437 nm and ¢ = 0,495 nm and TlSe with
tetragonal structure with a = 0.80 nm and ¢ = 0,70 nm. The X-ray
diffraction studies on the samples subjected to the p?essure less
than the transition pressure do not show any crystalllnit?. So
the préssure induced glass~to-crystal transition occurs simulta-
neous with semiconductor-to-metal transition.
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10 4. Conclusion
% TaxsE¢go.x The effect of pressure on the electrical resistivity of
8 s %q> o xt§ amorphous T1 Sern, alloys has been reported. It is observed
6 %?A%%h%b 8 xz{0 that all the samples undergo the discontinuous pressure induceg
= 8 oy o Xil5 semiconductor-to~metal transition., The structural studies indi-
;S &,oﬁ% q%b ; : ;gg cate that the pressure transition is also a eutectic type crys-
Eg b 2;5 ﬁm %h% tallization of the TleeIOO_X glasses under high pressure. It is
EE Q%EEEA% %qb% very interesting to note that the variation of electrical resis-
o 2} %bﬁSﬁﬁ% 0000000 tivity, activation energy for electricsl conduction and the tran-
E{' %, sition pressures do not exhibit any drastic behaviour as a func—.
- 0f tion of Tl content, as observed in TleeIOO-x alloys.
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THERMOELECTRIC POWER OF ARSENIC, BISMUTH AND BISMUTH-ANTI-
MONY ALLOYS IN ELECTRONIC TOPOLOGICAL TRANSITIONS INDUCED
BY CRYSTAL LATTICE DEFCRMATION

M.Yu.Lavrenyuk, N.Ya.Minina, A.M.Savin
Moscow State University Moscow, USSR

Electronic topological transitions (ETT} by I.M.Lifshitz /1/
which are accompanied by anomalies in the thermodynamic and kine-
tic characteristics of metals occur when the Fermi level shifts
under the influence of some external factors (e.g. stress or do-
ping), passing thrbugh singular points in energy spectrum EC
re the Fermi surface (FS) changes its topology. There are two ty-
pes of ETT: 1 - formation (vanishing) of a new FS cavity, 2 - dis-

.ruption (formation) of the F3 The anomaly in thermoelect~
ric power (t.e. p ) of should be especially well-pronounced, because
at T=0 K ot Zl_ v (Z = E-E., being a transition parameter that
characterizes the nearness of the Fermi level to the critical po-
int) /2/. Under assumption of finite temperature and impurity sca-

Yneck".

ttering, it was pointed out that infinite singularity in o¢ predic-

ted in ref. /2/ was cut off by these two factors and had the form
of somewhat smeared asymmetric peak.

The present paper is concerned with the complex investigation
of the FS and t.e.p. in Bi, As and Bi-Sb alloys in the vicinity of
ETT of different types with electron and hole cavities of the FS
being under consideration., The measurements have been carried out
"at T = 4,2 K and the FS's extremal cross sections were determined
with the help of the Shubnicov-de Haas (SdH) effect. The sign and
the shape of t.e.p. anomalies were settled. Hydrostatic pressure
and uniaxial stress were applied as the external parameters, that

shifted the Fermi level through the singular points of energy spec-

trum,

I, ETT of "FS electron cavity fermation (vanishing)" type ha-
ve been observed in Bio.95b0'1+10‘4 at.% Te single crystals, Do-
ping the semiconducting Bio.98b0.1 with Te-donors leads to filling
of the electron extrema at L-point and to formation of a three-el-
lipsoid FS with Fermi energy EF~'1O meV., Compression along the Cy
axls causes spillover of sll the FS electrons into ellipsoid 1
(Fig.1a) and as a result ETT of type "3eitle" realizes (here and
further "e® and "h" indexes mean electron and hole FS ellipsoids),
At the critical deformation § =
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gc=—O.15% the observed cross sec-

whe-
i e

ions of “the increasing ellipsoid S1 become stabilized and those
of decreasing 523 fall to zero. At this point (T = 4.2 K) the
t.e.p. as asymmetric peak of positive polarity (Fig.1b).

2. ETT with the formation of the hole FS cavity in the T po-~
int (3e &=>3e + 1h) has been realized in Bi + 103 at.% Te single
¢rystals., The FS in such alloy consists of three electron ellip-
sotds in L, with EFL = 44 meV, while the distance from the valen-
¢ce band top in T to the Fermi level is about 2 meV. The carrier
redistribution among the L-valleys under compression along C1
shifts the Fermi level downward, so that at £ = Scz -0.1% the Fer-
mni level touches the term T and a hole FS appears. The critical
point EK is determined as that where experimental data deviate
from the theoretical dependence S (£) calculated in accordance
S'with the McClure's model /3/ for the case when no overlap with
T=term forms. At the transftion point the t.e.p. has a’ peak of ne-

gative polarity, ‘
3, The dumbbell-shaped electron FS disruption has been obser-
ved in monocrystalline BiO,738bO.27 compressed along the twofold
€, axis. According to Ref. /4/ L-terms inversion in Bi,_ ,Sb  al-
loys at the antimony concentration X=0.04 gives rise to a saddle
point (X=0.15) in the electron and hole spectra. With the further
{fcrease in X the curve for E (k) becomes two-hamp in shape and
the FS assume a shape of dumbbell if the Fermi level disposes abo-
ve the saddle point (Fig.2a). In the point of the dumbbell dis-
ruption maximum FS cross sections should decrease by a factor of

two. The energy spectrum change under compression along the C2
axis is shown in Fig.2a. In the lower part of this Figure the FC
cross section S1slightly (~ 3°) departed from the maximum one is
depicted as a function of deformation. Cross sections 52.3 cor-
responds to the increasing ellipsoids and for these parts of the
FS the ETT do not occur. The t.e.p. anomaly observed in the vi-
cinity of the disruption point has a negative polarity (Fig.2b).

4, Disruption of the'necks of the hole FS in arsenic was
observed under uniform compression P with the help of the de Ha~-
as-van Alphen effect in ref, /5/ (P =0.18 GPa).

The t.e.p. measurements have been carried out in monocrys-
talline As along the threefold axis 03 under Qigh hydrostatic
pressure up to P=0.6 GPa (Fig.3). Represented in Fig.3 data we-
re obtained at T=3.5 K. The curve o /T (P) have a nonregular cha~
a (that is well correlated with

5 .

racter. At the point P ,=0.15 GP
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the value P =0.18 GPa /5/) a peak of a positive polarity takes $
s Fig.2. Dumbbell~shaped Fermi surface
place. ) x0e' %E, WE‘ .

Conclusion. ETT of four types, exhausted all the cases of FS disruption in Biy,735bp, 07 samples (a)
topology changes, have been studied, In all cases ETT were accom- 8 A% a and t.e.p. singularity in the vicinity
panied by the t.e.p. anomaly that had a shape of a somewhat smea- 200} ba of the critical point (b)
red asymmetric peak, A characteristic shape of the t,e.p. anomaly ) )
and its correlation with the ETT of a definite type makes 1t pos- R
sible to use observed singularities in the t.e.p. for the band 100 ) 4,

44
structure change investigation, . 4a
o
Joo o000 °°
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ANOMALOUS DIELECTRIC BEHAVIOR OF FERROELECTRICS CAUSED
BY HYDROSTATIC PRESSURE DUE TO QUANTUM EFFECTS

E.Hegenbarth, P.Roth
Pechnical University Dresden, Section of Physics, German

Democratic Republic

S::‘]?iO5 is a gquanbum paraelectric /I/. Quantum fluctuations
prevent ferroelectric phase transitions (FPL). By substituting
barium ions in SrTiO;, that means in solid solutions of
(BaxSx:'I__j_[)‘IL‘:LO5 (BST x) , there can be generated FPT /2/. The '
FPT-temperatures are shifted to lower temperatures by hydrosta-
tic pressure /3/. By application of the critical pressure the
FPT venish /4/. The quantum effects dominating at low temperatu-
res cause a nonclassic critical exponent (CE) of the electric
suscepbibility. We have measured the dielectric constant
£1(I.6 kHz) of polycrystalline BST 3%, 6% and 20% at different
hydrostatic pressures to investigate the quantum behavior.

Figure I shows the temperature dependence of g v of BST %
at different hydrostatic pressures. At ambient pressure there is
a FPT paraelectric—ferroelectric at the temperature TC(O) = 37 K.

The, FPI-temperature is shifted to lower temperatures by hydros—
tatic pressure according to /5/

1/2
Tc>(p) = T,(0) (I - p/p)™" "

(1)
At the critical pressure p, = 0.2% GPa the specimen was in
the quantum paraelectric state which is accompanied by a tempera-
ture independent £‘ gt temperatures T_»0, The temperature depen-—
dence of <&‘ at ferroelectric above T is described by
=0 (P - Tc)‘r. (2)
Usuaily the Curie-Weiss law 1s fulfilled with j“':I. Quan~
istical calculations ab low temperaﬁures yield a meximum
= 2 /6/. The cross-over region between both values
g influence of gquantum fluctuations.

tun stat
value of

is marked by an increasin
The CE of our measurements was calculated by logarithmic

regression of the valuee £ wi
tervals of about IO K. The temperature hehavior of &7 with J =1

was obtained at high temperatures T>I0
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th Eq,(2) within temperature in-

0 X and pressures p<0.3 GPa’

1;: higher pressures p 2 0.5 GPa 1“< 1 was detected in the whole
] mzerature range. Therefore &' becomes more temperature inde-
. pendent by pressure, as it is shown in Figure I, At very high
pressures the CE tends to zero,
o iip:oaching Tc the dependence J"(T) reaches a msximum near
2 . his temperature the CE was very sensitive to variations
= pge:sure. From the dependence 2 () at different pressures
as de i i e i
"pressurzn;unii tl;; maximum | y bo investigate the influence of
: n e + The results }* i
F ttonene o . . J“yu(p) are plotted in Figure 2.
quantum i * P, We determined s strong increase of }’” due to
: : effects. But_at pressures P>Dp, (}" u decreases fgith i
reasing pressure. The dependence J*,(p) shows s sh maxi .
st -the critical pressure, oM ) " -
For the interpretatio .
tion of the depe £

i 2 pendence c’ M(p) we calcu-
/ AE/ A p)T under the assumpti
A ption that the Curie

is not depending on pressure:

(&), -

I 9T,/ Ip

X % 1n 6/
In(T-T ) -7
c c

Op

(3

iy

- The two terms in the angular brackets of Eq.(3

, :i: I;Ii::u:zdd:iendence of the CE., In dependenceqox(ff);h:e::xnzf
7 reseeii?ond tern one gets (3)°/ap)py 2 O at pres-
2 - (T7). ,(I:‘he siai'plzz)lczf. T is !tibe temperature of the maximum
foliows from the thifd lal\:mzfoilf M(p) at'the gy Pressure
= A o . emoc'lynama.?s demanding

720 c n this case I;‘L)J;l:l (3[/3;)),]3
This méans a change of the sign of (ad“

- o is valid.
(o]

o : /D) &t p.. The
ng r:s a meximum value at the critical preszura f& smallll‘ef;reang
88 y iti ; i
pressure near the critical pressure causes d )
iy a drastic change
By plotting the‘red “
uced values ofs,"/:* -
477" against (p,/p-I) 1

for p(p, one gets 5 {
- c a8 relation which i
centration x according to is not depending on the con~

TSRS RN E)

2 LM( 0)

20.057 (po/p - D2 ()

At i i

is shown-in Figure 3, Inserting Eq.(I) in Eq.(4) indicat
50 ates
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Fig.I. Temperature dependence of £° of BST %% at different

hydrostatic pressures.

Fig.2. Pressure dependence of JLM of BST 3% and 6%.
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Fig.3. Reduced plot of A]’/)“against (pc/p—I)"I for p<p,.
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that the pressure dependence of the CE is determined by the
pressure dependence of the FPT-temperaturet

Foeng ~ [T @/men? -1 V2. (5)

At pressures p> P, Eq.(I) is mot fulfilled since there
would arise imaginary values of T .
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1tage of magnetic field I5 kOe the pressure dependence of Hall
actor is to be neglected and the change in Hall's potential
’fference VR is defined by crystal compressibility. The value
:’VR‘/VR at 77.6 K is in agreement with early investigation /2/.
Isothermal volume compressibility )Z/B/ CdSnA52 at 77.6 K
5 to be estimated by AVg/Vp. It was found that: ¥ =3.I-I10 1lpgl

ELECTRONIC SPECTRUM AND TRANSPORT PHENOMENA IN DIARSENIDE
CADMIUM-TIN AT ALI-ROUND PRESSURE

M.I.Daunov, A.B.Magomedov

Institute of Physics of the Daghestan Branch of the

USSR Academy of Sciences, Makhachkala USSR . . .
S y ’ H Investigations of the classical lateral magnetic resistance

A)O/)Oo at all-round pressure in n-—CdSnA32 as well as n~InSb

The diamond-like chalcopyrite semiconductor CdSnAs2/I,2/ ith fixation V =R&H were beg in /9/
] = 3 an in .

is representative of system II — IV - V5 /I,2/,

A complex investigation of transport phenomena has been
carried out on monocrystal CdSnAs, (n,p &,101'7_1019 cm—a) at at-
mospheric and hydrostatic pressure (up to I.5 GPa). The new cha-

The principal characteristics of investi

gated sample
I n-CdSnAsp at the atmospheric pres
ahd theons D P sure, Experiment

racteristic data of the investigated concentration interval

17 I8 -3 . . . R ‘

(10~ 4+ I0°° cm ”) are iglven in Fn.igs.I,} snd in the Tz‘able. . -R, _Ra-c'), do - A.P/Po M/_P:’ Aﬂ/ﬁoﬂ |
For quantitative interpretation was used the triple-bard . , CJ‘IIsS‘ M?zV—IS_I . EF//f 2"

Kane's model (it was being a limit case of Kildal's model and an ‘ 1 . N V’dejf V=R6H=4 2

acceptable in n-CdSnAs, /I/ as well as the known correlations 6 17,26 13600 50.4 39.6 0.013% 0.009% O0.01T 1.1 0.27
C » . . . ° . . . 5

for example, in /3/ and concluded in approximate of a strong
96 I17.28 11550 1I6 I 0.
electrons generation. . : %> 3 55 0137 0.00I3 0,0I2° 3,3 0,052
The magnitudes of the band parameters and baric coeffici-

ent of width exclusion band (dE/aPs +10710 ¢v/Pa) were taken
from /2/.

In the investigated concentration interval at %00 and
77.6 K the unit-area resistance ‘F%N(Ré;o)—; increases with grow-~
ing of pressure approximastely with velocity 2.5-4,5 % on 0,I GPa,
Phe first is modified by increasing of dependence m from P with
decreaaing of n, the second - by lattice diffusion near the room
temperature (see below). In the sample I n-CdSnhs; (RGJ'I incre=
ases at 77,6 and 300 K on I GPa accordingly up to 43 % snd 31 %
(Fig.I). The comparison of theory and experiment has shown,that
the accordance takes place by the decrease £ I0 % on I GPa, It is
expressed somewhat weaker than in indium antimonide J4/.

Attempts to interpretate the baric dependence of Hall mo~
bility in the electronic impure heavily doped and hesvily dege-
nerated crystals of InSb /5/ and CdGeAs, /6/ in g ‘~-constant
approximation were unsuccesful,

Hall coefficient in the sample I n-CdSnA52 decreases with
the growth of pressure (Fig.I) according to the early discovered

-

In order to analyse the experimental results on data of me-
purements of thermo-emf at atmospheric. pressure (in vacuum) was
alculated the concentration dependence of "physical"™ magnetore-
. =3 - P
istence 4 £/07 (Y= o) at 77.6 and 300 K (Fig.2).
" The concentration and basic dependences of Aﬁ/ o are
etermined from parameter 3/2 at the fixed temperature end V .
In:agree with the experimental results (Fig.3) follows,
hat . . _
hat at n>ng (in 1.301111: n=n parameter ), =0) AP//JO decreases
/ ()’z / decreases) with ‘growth of pressure. At n¢n ° magnetore~
;L;j;ance increases with rising P( b/z, as well as m are increas-
ing). In those cases when Af) //Jo» aﬁ/p:’ " the nonhomogeneiti-
8 introduce an essential contribution into the formation of ef-
ect,
’ In the satisf/;actory approximaete may be considered A/O//O,,
PIp7 +apip,”.,
Estimations f - \
. P ns for sample I.n CdSnAs2 at 77.6 K gave A_P//Oa -4
_Aj) /1% at the atmospheric pressure and with pressure
rowth to I GPa Ap/ﬂ, increases by 26%, Aﬁ/f)oq’_ 2.3-foid
volume-concentration effect /2/. - : ap /Po =2.8 A/D{P"d"
Theoretical analysis shows that at 77.6 K and by value of t
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gnetoresistance in the sample n-InSb with

Fig.3. The baric dependences of ma

n=1018 cp~3 (a

=3.7-1017 cm=3 (c),

e): a - T = 77.6 K; P=10"8; 1 _-p,33;

P03 - 1.28; 4 = 2,55 5 - 4.7; 6 = 6.9; 7 ~ 8.9; 8 - 11.3; atV

»b) /9/ and in the samples n~CdSnAs. with n
¢ =-1.0; ¢ - 1.0; e - 0.7. The light signs -~ 300 K.

n=1.46-1018 cm~3 (d) and ne3,43.1018 cm~> (

2 - 0.48

.
.

b ~ 2,5;
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‘all-round pressure on energetic electrons spectrum and the

-of all-round compression on dielectric constant of indium

. CdSnAay on the baric dependences of magnetoresistance, Thes
.ref, ~"All-Union symposium //Nonhomogeneous electronic sta-
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Deep donor levels in n-type GaAs and Aleal_xAs have been

widely investigated by measurements of the Hall effect, DLTS and
?FC‘ The temperature-dependent Hall effect measurements offer the
nformation about the activation energy of donor 1evelsf In the
1-xh8 the acéivation energy of donor levels remains
ypss than 15 meV for x<@.2, whereas @.2<(x<#.8 it increases

:&type Al Ga

api&ly up to about 168 meV. For x>8.48 the activation

nergy decreases down to about 68 meV.

The DLTS electron-emission spectra are determined by the
nges in . capatitance as a function of temperature after a
tes. Novosibirsk, 1984, p.242-243,

- prvard-bias injection pulsge for Schottky-or p-n diodes under a
“kward-bias. The spectra provide the information about the
ectron population of donor levels in the depletion layer and
# activation energy for the electron emission rate to the

iduction: band. -In n-type Alea xAs the DLTS electron-emission

1._
traare observed for #.2<(x<9.8, but for x<®.2 they are not
erved ‘at the atmospheric pressure. However, Mizuta et al.

| and Tachikawa et al. (2,3) have first observed the pressure-~

uced DLTS electron emission gspectra in n-type GaAs and Al Ga

(%<0.2).

The pressure~induced signals in GaAs:Si‘are shown in Fig. 3.
4 there ig no signal below 2! kbar, at pressures of.21 kbar

: rdwth of weak signal is observed. At 30 kbar the signal
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magnitude ZAC/Co is interpreted as .indicating that the electron

- population density in the deep donor levels n is nearly equal

dx
to the donor density Nd‘ The variation of DLTS signal magnitude

ZAC/Co with pressure for n~type GaAs and Aleal_xAs (x<8.2) is

shown in Fig. 4. The insets of Fig. 4. illustrate the pressure

1e and ch

the dL donor level tied to the Llc

dependences of the Flc, L conduction band minima and
minima. The Flc-dL crossover
point corresponds to the critical pressure for the growth of DLTY

signals. The signal magnitude increases with increasing pressure.

L1C and ch

minima and the electron population in the dI", dL and dX donor

The carrier density in the rlé’ conduction band
levels aro»detérmined at thermal equilibrium by "1=Nd exp{-

(Ei_EF)/kT }, where Eh1=N is the donor density. For n-type

d

Alea As the variation of n, with x is shown in Fig. 5. The

1-x
electron population of the dL donor level dominates for
' #.4¢x¢0.6, where as for x<B.2 or x>0.6 the free carrier of the

rlc or X minima, respectively, domindtes. The compositional

lc
dependence of the fractional electron occupancy in the dL donor
level ndx/Nd agrees well with that of the DLTS signal magnitude

ndx/Nd.

The pregsure-induced FPC effect is measured in n-type
GaAs:Si at pressures of 17 to 38 kbar Fnd at temperatures of 77
to 120 X (3). The variaticn of thé pressure-induced PPC with
temperature is shown in Fig. 6. The PPC effect increases with
increasing pressure. At 3¢ kbar the PPC is quenched thermally at
129 K; which corresponds to the critical temperature for the
growth of DLTS electron-emission gpectra.

DISCUSSION
Experiméntally, we have demonstrated the pressure-induced

effects on DLTS signals and PPC in n-type GaAs and Alea1 As
-X
68
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Fig.

}.2). There phenomena are interpreted as indicating that the

eep down level or DX center is associated with the endirect

uction band minima. The experimental results are weill

nderstood by the configuration coordinaﬁe diagram (CCD) asg shown
/Fig. 7. At atmospheric pressure the deeg‘donor level tied to

iﬁe Llc or xlc conduction band minima is metastable, but under

ressure of 24kbar it becomes stable. Ig is assumed that the

donor atom itself is displaced from its centered position without

any associéted vacanconr other defect. Recently Sette et al

(3). provided a direct measurement for ;he displacement of S
dénof in GaAs by EXAFS, which is about #.12 A. Morgan

’proposed the displaced donor modei, assuming that the donor and

one 'of its neighbor are pushed apart by a Jahn-Teller distortion.
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: increase in the hyd i - -
SUPERCONDUCTIVITIES OF HIGH-PRESSURE PHASES IN THE " 7 the hydrogen concentration in £ -Re (T,=1.70 K)

METAL-HYDROGEN SYSTEMS p to nz0.23 and in g -Ru (T,=0.495 K) up to nz0.03 leads to a

) _decredse in their T,-values with the slopes dT_/dn=-5,0+0.2 K/atom
V.E. Antonov, T.E. Antonova, I,T. Belash, V.I. Rashupkin ' ¢ -

Institute of Solid State Physics, USSR Academy of
Sciences, USSR

H and x -1 K/atom H, respectively. For the primary hydrogen so-

1id solutions in ¢ -Tc (TC557.85 K) with n< 0,04 the valué ch/dn
~=10"K/atom H; and the ¢ -hydrides of TC with 0.39¢ n< 0,78 pos~
The superconducting properties of the d-metal hydrides rank sess no superconductivity at Ty 2 K,

among most interesting and less studied their characteristics. Therefore, the study of ' pure-metal hydrides did not reveal

Correct and complete data have only been obtained for one supercon- - any new superconductors, and only hydrideé of the alloys remained

ducting hydride, the palladium hydride /1/. The long studies on pha- _ to count on. But then the question was what rules one might follow

ses forming in the d-metal-hydrogen systems in the well-mastered "while choosing the alloys for hydrogenation.

pressure range up to tens of atmospheres have not exhibited any new In the case of d-metal alloys (without hydrogen) the concen~

superconductors, and the scope of systems which could be of inte- _ tration dependences of T, can at least be quélitatively described

rest from this viewpoint has been mainly exhausted /1/. by the rigid band model /4/. In order to evaluate what role the

At the same time, it became clear enough that further eluci- changes in the degree of occupation of the host-metal conduction

dation of superconducting properties of the metal-hydrogen systems band by electrpns may play in varying the Tc—values on hydrogena-
is impossible without experimental discovery and examination of new tion, we examined the effect of hydrogen on Tc's of Suitable‘for
superconducting hydrides. _ this purpose BCC(x ) Nb-Ti alloys with 20, 35 and 50 at¥%Ti and

The development of the technique for compressing gaseous hyd- for-all the three alloys found out a sharp (~ -15 K/atom H) dec~

rogen to high (of the order of several GPa) pressures enlarged the réase in T, /5/. The effect cannot be accounted for by the chan-
number of objects accessible for hydrogenation, For instance, 1t ges in the electron concentration of the alloys and should neces-
has become possible to produce massive homogeneous samples of Mn, __sarily be attributed to the variation in their phonon spectrum,
Fe, Co, Ni, Mo, Tc, Rh, Re hydrides and of numerous their alloys _Soy7in the case of hydrogen solutions it is hardly possible to
/2, 3/. '

As for the high~pressure Me-H phases on the base of pure. me-

rely on the predictions made on the basis of the rigid band mo-
del, and for the search for new superconducting hydrides to be

tals, the following has been found, see /2/. The hydrides of Mﬁ, __purposeful other guides should be takén.
Fe and Co possess a magnetic order and do not thus possess super-~ And we made use of the literature data that incorporation
conductivity. The molybdenum hydride (HCP(E ) metal lattice, H-to- _ of ‘hydrogen into the Nb-Ru /6/, Nb-Rh /7/ and Nb-Pd /7,8/ alléys
-metal atomic ratio n=1.23%0.03) exhibits no supercqnductivity at _may increase the T.~values of the samples (the Nb-Me-H samples

_belng inhomogeneocus and multi-phase, no reliable data on the hyd-
7T

Ty 2 K. The hydrides of Ni (FCC (x ) metal lattice, n=1.06+0.03)

and Rh ( x y n=1,02+0,03) do not become superconducting at T» 0.3 K,
76
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rogen content and crystal structure of superconducting phases were
obtained in /6 to 8/ ). We have studied the phases forming under
high (up to 7 to 9 GPa) hydrogen pressures and T=300 or 325 °C in
the Nb-Ru-H /9/, V-Ru-H /10/ and Ta-Ru-H /11/ systems ; the basic
results are listed in the table.
‘ As one. cen see from the table, superconducting hydrides were
k found for the alloys of Ru with all the d-metals of V group (V,
Nb, Ta), that is, these alloys being chemically analogous turned
out to be analogous as for possessing superconducting hydrides too.
Since the alloys of Nb with all the 4d-metals of VIII éroup (Ru,
Rh, Pd) seem also t% have superconducting hydrides,then proceeding
- from the chemical éimilarity of the alloys, one may expect that
the'alloys of all the d-metals of V group with 4d-metals of VIII
group form superconducting hydrides as well, We tried to extend
the scope of alloyé forming superconducting hydrides by substitu-
ting Ru for its nearest analogue, 0s, in the alloys with V and Ta,
but no success has been achieved so far, see the table,
In general, it is worth noting that the search for new super—d
conductors in the Me-H systems based on the alloys of d-metals tur=
ned: out to be a hard experimental problem, Typical results of stu~
dying such systems are presented in Figs. 1-3., It is seen, in paré
ticular, that the pressure intervals, within which phases are for-
med, can be rather narrow (é.g., the X,-phase in the V90Ru1O-H
system, Fig; 1a), and the hydrogen content of the phase can be
pressure-dépendént (e.g., the £ -phase in the V81.5Ru18;5-H sys~
tem, Fig. 2a). While concéntration of fhe alloys under hydrogena-
tion is varied, the phase equilibria sometimes change-drastically
and not in an obvious way {compare thebdata for the V90Ru1O—H and
V81.5Rﬁ1é'5—ﬂ systems, Figs, 1a and 2a). The T-—PH2 diagrams of the“

systems-"analogues" may differ qualitativefy (for example (see

Fig.j), an addition of 11.5 at¥0s into Ta diminishes solubility
78
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Composition, superconducting temperature, pressure of synthe-
Bis, structure and purameters of the metal sublattice at atmos-
_bheric pressure and T=83 K for the Me-Ru-H and Me-Os-H solid
solutions

of hydrogen down to n=0.43 even at PH =9 GPa, whereas the Ta-Ru
2

glloy .with 22,6 at¥Ru forms a hydride with nz1.1 already at

PH2 %3 GPa),

Fortunately, at the present initial stage of investigation : ' Alloy n T K pH Gpa | Stru- a,x b, X c.x o
? .

. 5 cture
the sphere of quest for superconducting hydrides might be noti=-
ceably reduced. As is seen from the table, only the phases with HVgpRugg 8 5 ig o8 jg g.g;g - 5.302
n %1 based on the closest packings of metal atoms happened to be ;-84 <g-0 >;-;---3-6 j? Z-gg; - -
. . * . - -
superconducting among the set of the synthesized phases., Note that
Yor.sRuies G2 < 1.3 T 2% I e
the Pd hydride is also formed on the base of the closest (FCC) 1.36 pr 7- g 2'85; : h.69%
packing of the metal atoms, and its TC reaches the maximum value o 0 2 _ 2 2.995 — =
. Ru 1.24 <2 2.4 2.810 - 4,
at nx1 /1/. All the foregoing is unlikely to be of a random na- ’66 34 1,34 <2 7 g 2.822 - 4.232
ture, and it would be sensible in the first place to search for 0 <2 - oA 3,242 - -
17 1.92 @ >4 & 5,391 5,113 3,170
superconductors in yet uninvestigated Me-H systems, namely among )
' , ¢} <2 - ol 3,217 - -
the phases of such type, Nbgy, sRups 5 1.04 5.08 1.2 P STV VA - 4,180
: e * 1.72 €2 7 £ 3.082 - 5.033
The data available on the composition and crystal structure 5 5 5755
< - ol . - =
of the hydrides allow one also to speculate why some phases with - 1.04 4.3 2 Y' 4,23 - 4.16
21.5 T 7 a & 3.05 - 4,98
nzx1 are superconducting., There are two kinds of interstitials in 5 ey - {" 5371 5.225 3.356
; —pE - th i 0.24 . <2 1.0..0.4 " 4,379 4,327 3,459
the close-packed lattices, the octa- and tetrahedral ones, e 0§ ’ 1-?3... - 20200 i& 51008 4.937 2i9ih
cillation frequencies of hydrogens in the octapores being essen- 1.25
) 0 <2 Z = 316 = "
tially lower /12/, and the composition n=1 corresponds to the com= 7 4Ripy ¢ 1,10 3.1 3.2 £ 2.388 4.951 2.966
plete filling of all the octapores with hydrogens. Superconducti< 5 Y 3195
vity of the palladium hydride is considerably conditioned by the *T569R“31 0.95 2.8 .2 &' 5,463 4.881 2,937
interaction of electrons just with the optical oscillations of 0 <2 ot 3,012 - -

: - 0.6 <2 2 < 3,110 - -
hydrogens in the octapores /1/. It seems quite probable that a >1.7 <2 >3 &; 4,250 - -
similar situation takes place with the Me-Ru~H superconducting = 8'2 z% 5 5' g; ;-89; - -

. i 79.5°°20,5 . .° * ° - -

hydrides as well., 1.03 <2 >4 = 2,848 - 4,665
. : 0 <2 L - ol 3.256 - -
388.50511.5 0.43 <2 9 oL 3.324 - -

_Footnote. Stars indicate the alloys hydrogenated at 300 °C,the

rest alloys were hydrogenated at 325 OC, o -BCC, «° - of CsCl type,

,ﬁ- oflp—VZH type (values of a, and o for the tetragonal pseudo-

ell are given), J'- FCC,A’LFC tetragonal,*j— the structure on the
e of FC orthorhombic pseudocell, £ -HCP, & ~rhombically distor-

ted HCP, 3
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A method for photoconductivity investigation in diamond
_anvil-cell is described. Preliminary measurements in high-pres-

sure {rocksalt) phase of CdS gave a decrease of photo-threshold
om:1,60 eV {(at 30 kbar) to 1.49 eV (at 120 kbar) in accordan-
cé with previously reported optical absorption data.

INTRODUCTION

{

Optical absorption ‘and resistivity measurements of cadmium
sulfide (CdS) at high pressure have been first reported by Dric-
kamer and coworkers [1,2] which found a phase transition at 27
kbar - and the stability of the new phase after reversal to lower
pressure. Kabalkina and Troitskaya [ 3] and Owen et al [43 showed
by X-ray diffraction studies that the new phase has a NaCl stru-
cture. Recent investigations of high-pressure phase of Cds have
been: gtimulated by Brown, Homan and MacCrone [ 53 which observed
rge diamagnetism, approching 100% flux exclusion, and possible
superconductivity in pressure-quenched CdS at 77K. Batlogg et al
t63ffound by optical absorption measurements that the energy

gap is'direct in low pressure (wurtzite) phase (2.4 eV at atmos-

conducting transition temperature of some body~centered cubic
niobium-palladium, niobium-palladium-molybdenum and niobium-

42, No.1,p.19~27,

Antonov V.E., Antonova T.E., Belash 1.T., Ponyatovsky E.G.,

Rashupkin V.I. Superconductivities and crystal structure of

high pressure phases in the Nb-Ru-H system., - Fiz.tverd,Tela
{Leningrad), 1987, vol.29, No.4, p.1017-1025.

Antonov V,.E,, Belash 1.T., Ponyatovsky E.G., Rashupkin V.I.,
Romanenko I.M. Superconductivities and crystal structure of
high pressure phasés in the V-Ru-H system.- Fiz.tverd.Tela
(Leningrad), 1987, vol.29, No.3, p.665-671.

eric pressure) and indirect in rocksalt phase (5£1.7 eV).

, In this paper we present some preliminary results of pho-
toconductivity measurements of pure CdS under high pressure (30-
0 kbar). An experimental arrangement, different from the one

Yu. .
Antonov V.E., Antonova T.E., Belash I.T., Malyshev V ' ed by Gonzales, Besson and Weill [7], is also described.

Ponyatovsky E.G., Rashupkin V.I. Superconductivities and
crystal structure of high pressure phases in the Ta-Ru-H sys=
tem, - Fiz.tverd.Tela (Leningrad), 1986, vol.28, No.8,
p.2352-2357.

Springer T. Investigation of vibrations in metal hydrides
b§ neﬁtron spectroscopy.- Ln: Hydrogen in Metals I./ Ed.
G.Alefeld, J.V6lkl. Topics in Appl.Phys.Berlin, Heidelberg.
N.Y.: Springer-Verlag, 1978, vol.28, p.75-100.

[PERIMENTAL METHOD

The high pressure has been generated in a diamond anvil

1 of NBS type €81 . A preindented stainless steel gasket is
epared by drilling a hole (0.5 mm in diameter) at the center
- indentation and by cutting the disc in two symmetrical parts
yich are cemented between two mica supports with central holes

gregter than anvil diameters. A small CdS sample, prepared from
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pure powder by cold pressing and subsequent heating at 450% for 10h,
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4s been pressed into the gasket hole. The gap between two gasket
_segments (¥ 0.3mm) was filled with fine alumina powder cemented

y epoxy resin. The above configuration (Fig.l) was able to sus-
tain up to 120-130kbar. A flat ruby chip (~ 50 pm) was inserted
,in the front side of CdS sample and the pressure was measured im
_backscattering geometry. The electrical contacts between gasket
 Segments, which served as electrodes, and the CdS sample were
btained by applying the highest (120 kbar) pressure.

The illumination of the sample has been performed by a xenon
arc ‘lamp, a double optical monochromator and a branched light
’uidé, for .simultaneous measurement of the incident radiation flux
at given warelength. The electric scheme, shown in ¥ig.1, consi-
sted of a stabilized DC voltage source and a sensitive electrome-~
ter. . :

RESULTS AND DISCUSSION

In the experiment we measured %3~, where A4i is the photo-

current and ¢ is the photon flux, as a function of wavelength
of incident radiation, the parameter being the applied pressure.

The photocurrent threshold h v, (i.e. the minimal photon energy

which 'starts the phocurrent), unal to the band gap Eg at given
pressure, can be obtained by numerical determination of zero %i~
valuei From a ,set of such curves we obtained the dependence of
photocurrent threshold on pressure (Fig.2). In the investigated
preésure range there is a decrease of h Vo with increase of
from 1.60 eV (at 30kbar) to 1.49eV (at 120kbar). This

the finding of Batlogg et al [6] that the high-pressure

_préssure
confirms
phase of CdS is an indirec gap semiconductor. The slope of the

V) -~ AEg
iéh o) = 1nev/kbar, which agrees with —Q—AP %0.7meV/kbar
[1’§3 within the experimental error. A rather small difference
,infxgﬁ—— and absolute Eg values between the present and earlier

curve is

orks ‘where optical absorption measurement have been used, can
be explained by the absenge of truly hydrostatic conditions in
"oﬁr work and perhaps also by the difference in two measuring

methods. )
The authors are grateful to Mr. B. Petrovié for help in

preparing the experiment.
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Introduction

The Fe-based metallic glasses exhibit pronounced magneto-
volume effects and the Invar-like behaviour was observed in many
of these Fe-rich alloys, To clarify the magnetic behaviour of
these alloys the magnetic properties have been intensively studi-
ed under pressure during recent years /1-4/,

The relation between parameter ch/dp and the Curie tempera-
ture can be derived for 3d crystalline alloys within the band mo-
del of ferromagnetism. The theoretical relation

df, . 5
dp 3
where K is compressibility and ol is positive constant, was
obtained using a model of the volume dependencé of the band width
‘and the s -d transfer /5/. For the alloys with the Invar-like
behaviour the second term prevails and ch/dp is indirectly pro-
portional to Tc'

K 7, - oty (1)

The high pressure behaviour of inhomogeneous alloys is quite.
dzrferent as was shown by Wagner and Wohlfarth /6/. Using Landau-
~Ginzburg model they obtained the relation:

ch
dp

(2)

where d1 and d2 are positive constants.

The replacement of iron by a small amount of some other
transition metal in the Fe-based metallic glasses lead to signi-
ficant changes in their magnetic properties and also their Invar
behaviour gradually disappeared /7,8/. The addition of several
procent of the early transition metal (Mn, Cr) causes a steep de-
crease of dTC/dp (as a function of its concentration /1/) and a
minimum was observed for concentration arcund 5 at.% /1,2/. In

this paper the results of our pressure study of T, on the amor-

£

(te]




phous FeBh—xwa16 with (0 £ x % 8) are presented and compared
with our earlier measurements on FeCrB glasses /1/,

Eerrimenta}

The samples were prepared by the melt spinning technique,
The thickness and width of the samples were 25 - 3Q and 6 ~ 10
mm respectively, The composition was checked by chemical analysis.

The Curie temperature was determined from the temperature
dependence of an initial susceptibility of the samples using a
transformer method. TC was defined by extrapolation of the linear
part of secondary voltage as a function of temperature - see
Fig.1.

The Curie temperature of the samples with TC:7350 K was
measured in a belt type apparatus with an internal graphite hea-
ter under the pressure up to 4,5 GPa., The sample with highest con<
tent of W was investigated in a hydrostatic CuBe cell with the
fixed pressure up to 0.9 GPa.
Ni—NiCrvthermocouple which was in thermal contact with the sample,

The temperature was measured by

Results and discussion
The values of TC vary nearly linearly with the tungsten

content at the atmospheric pressure, having an initial decrease
of '35 K/at.%W, The Curie temperatures of all investigated alloys
linearly decrease with the pressure in the whole preésure range.,
The degreases of TC and the susceptibility under the pressure are
illusfrated in Fig.1, by the temperature dependence of the sus-
ceptibility, )

The dependence of both TC and ch/dp on the W-content in the
measured samples is presented in Fig.2. The values of the parame-
ter ch/dp decrease with tungsten content up to about 5 at,¥%W whe-
re the minimum value of dTC/dp = ~ 50 K/GPa was abserved.

The .results of our measurements of dTC/dp in FeWB alloys to=
gether with earlier results on FeCrB glasses /1/ and crystalline
FeNiMn /10/ alloys are plotted against T, on Fig.3.

The metallic glasses with small content of the non-ferrous
metal exhibit the pronounced Invar behaviour. The behaviour of the
W-rich FeWB glasses, where the decrease of |dTC/dp[ with the de-
crease of TC was observed, can be connected with the existence of
inhomogeneities. Their existence was deduced from .the negative
curvature of Arrot plots /11/. We should mention . that smaller

value of ‘ chl for the FeWB alloys with 7.8 at.%¥w in comparison
dp
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ith the corresponding value for the FeCrB alloys - see Fig.3 -

an be ‘connected with the larger disturbation of the short range

rder in the FeWB alloys caused by the large tungsten atoms. The
‘fference in "structural imperfections" in the amorphous Cr and
ihilation

{ alloys was deduced from the results of positron ann

measurements /12/.
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THE HYDROSTATIC PRESSURE PROPERTIES OF 2D-HOLES ON THE

2 o
SURFACE OF TELLURIUM - A LOW SYMMETRICAL SEMICONDUCTOR v, /dB® at T=1.7 K and the change in it under pressure. At m.p.

ig& dependence has superpositidn of three oscillations with pe-
riods in 1/B Scale:A(y A1, AZ' that corresponds to three 2D-sub-

pands. with total concentraticn of surface holes pALa1.8'1016m_2.

V.A.Berezovetz, 1.I.Farbshtein, V.V.Kosarev, M.L.Shubnikov

A.F.JIoffe Physico—Technical Institut, USSR Academy of Scien=

ces, Leningrad, USSR Under hydrostatic pressure the oscillation extrema move to higher

fields, an amplitude of them increases, the periods decrease and

The hydrostatic pressure is found to result in a considera- the fourth period /3/ arises. This means, that hole concentrati-

ble rise. of 2D-hole concentration and mobility in an accumulation on ?ncreases in each of 2D-subbands:

layer on tellurium monocrystal surfaces. These changes are shown

to be due to a surface potential well increase. Py = Ze/(h.lxi)’ (3)

It was established earlier (see /1/, for example), that the= Where i =0, 1, 2, 3. The dependence pi(P)_in the region up to

re is an accumulation layer (AL) on Te surface and the total ener=- 0.7 GPa corresponds to the following empirical expressions

gy of current carriers (holes in our case) in it is represented
by a series of 2D-subbands. The aim of this work is to investiga- pi(P) =pi(0)-exp(? i'P)’ (&)
te properties of 2D-holes under hydrostatic pressure.

. The hole energy spectrum in tellurium has a high anisotropy: where&ﬁ i values are nealy to proportional dependent on the sub-

— ' band number i and change from 0.46 gpa~' for i=0 and up to 1.6

> 2. 2 .22 , ,
E(k) = -(AkG +BK}) + VA" +C7k (1) gpa-! for i=3. The total hole concentration in AL, Pyr= Y.p,, can
4

‘also be represented by relation (4) with p AL=O.6 GPa—1.

(the spin-orbit interaction only between the two highest valence
bapds is taken into account here). But 2D-hole spectrum in (0001)
crystael face has the cylindrical symmetry in this approximations:

e

2m

The increase of the oscillation amplitude under pressure is
caused by the 2D-hole mobility increase, that is mainly due to an
effective mass mi decrease. An experimental data on mﬂ_(P) depen-
dence, that is to coinside with mi(P) for 2D-holes moving in

.~ (0001) plane on the subband bottom, were obtained from the cyclo-

tron resonance investigation under pressure /4/. These data are

E(ky ) = By + , where i=0, 1, 2, + . - (2)

L1
(i - is the quantum number of 2D-subbands). given by the following expression:
For our investigation we choose tellurium monocrystals with
hole concentration p(77 K)=‘I020m'3 ; the samples with the largest
(0001) face, which is perpendicular to C3 crystal axis, were car-
ved. in a chemical way. On these faces AL was created by means of
the special technology given in /1/. The fixed high-pressure cham-
ber /2/ was used to realize the hydrostatic pressures up to 0.8
GPa. Magnetoresistance and Hall voltage and their second deriva-
tions on magnetic field (B) were meagured in EHC3 and B&£10 T

nS, (P)/mS (0) = exp(-0.54+P (GPa) ) (5)

Using these empirical expressions (4,5) for all 2D-subbands and
Hole effective mass on the Fermi jevel, that was obtained in /17
we'calculated the Fermi energies EE(P) under pressure:

B,(p) - = FE(P) =# %0y () my(®) (O

Fig.2 shows the calculation results. Heére it is shown, that
under P=0.7 GPa the potential well depth on Te surface increases
about twofold. The theoretical calculation of the energy positi-
ons for 2D-subbands in the potential well on (0001) tellurium sur-

face is rather complicated because of k, terms in Hamiltonian mat-

conditions.
shubnikov-de Haas oscillations of the measured values were
observed at T&4,2 K and their analysis gives the amount of the
subbands and also the 2D-holes mobility and concentration in
»each of them. Fig.1 shows & typical experimental recording of 205 e '
: rix for valence band, that gives CTk_ term in (1). By the way, as
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scillations (second derivation of

t
numbers. In the right par
the level positions in the potential wel

2D-hole energy in tellurium AL increases under pressure
With the forbidden gap decrease,

together
it is necessary to use two-band
model /5/, which takes into account an interaction with the con-
duction band, In this model the transverse component of the ef- )
fective mass is dependent on the state energy E. Therefore we -ha-
ve taken intoc account in the calculation the experimenfal data
about band parameters of the model /5/ and P-dependences of them,
2D~hole concentrations pi(P) from (4) and effective mass m,; (P)
from (5}, and also the high P-sensibility of Te dielectric coef-
ficient (£ ), Our estimation from fotoelastic coefficient data
/6/ gives:

dln & 5,/dP = 0.42 GPa™ (7
‘that -is about P-coefficient values of Ppp @nd m, .

The authors are pleesed to thank dr. R.V.Parfeniév for his -
encourage.
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A comparison of experiment with Landau level calculations
 made with a set of parameters /5/ for normal pressure showed:
< the optical phonon energy determined by condition (2b)
from pseudoresonance position /1,2/ is ﬁu% a 12,3 meV;
: - the coordination of one-phonon resonance minima positi-
ons at BN J with (2a) condition for ﬁuo = 12.3 meV is achieved
if the polaron shift is taken to be 7%, that gives o =0.28.
, Both ‘results (fzwo =12.3 meV and « = 0.28) are in the 1i-
mit of the existing experimental data uncertainty (see /4/). The-
_ se values were used for further calculations of pressure depen-

MAGNETOPHONON SPECTROSCOPY OF A SINGLE-CRYSTAL TELLURIUM
UNDER HYDROSTATIC PRESSURE

V.V.Kosarev, D.V.Mashovets; 1.I.Farbstein, M.L.Shubnikov

A.F.Ioffe Physico-Technical Institute, USSR Academy of
Sciences, Leningrad, USSR

Magnetophonon resonance (MPR) in Te was studied in /1-4/.
We report the results on MPR in Te under hydrostatic pressure up

to 1.1 GPa. A quantitative analysis is made in terms of a two- dences of electron spectrum. Pressure dependence of ﬁtuo was neg-

lected, as dlnw_ /JP£0.01 GPa™' /6/.

The pressure shift of MPR extrema at EJ.EB (Fig.1) is cau-
sed mainly by P-dependence of the transverse cyclotron mass mﬁ..
In model /5/ m; is directly connected with Eg ; for band edge at
kiyi=0: '

-band model of energy spectrum /5/ that was not used previously
for MPR analysis. Polaron corrections (PC) are included. Pressure
dependences of the model /5/ parameters are determined.
Magnetoresistance (MR) was measured at T=77K on Te single
c¢rystals (hole concentration p=2-1020m'3) in pulsed magnetic field
H<20T at B4 33 I3 and L 63 "3 (‘E),— current, -(?3 - crystal axis) - 5 5
‘in fixed pressure chamber. ’ 1/2m, = & + Q /Eg' Q°(P)/Q7(0) = 1 + AV(P)/V (3)
" At high pressure MPR extremé HN shift to the low magnetic
field (Fig.1). For both orientations all the HN(P) dependences

are presented by an empirical relation

(V‘— ¢rystal volume, see /7/). A calculation of MPR transitions
_for different pressures with the condition (1) leads to the ex-
_ pression for Eg as a parameter of model /5/:

Ho(P) = Hy(0) exp (- pP), p= 0.54 GPa™ . (1) :
N N VARER Eg(P)/EG(0) = 1 = 0.53P + 0.093 p%, P - GPa (4)

At P=1.1 GPa at #n e, a MR minimum corresponding to Peterson pse-
udpresonance was observed (HPR(1.1 GPa) = 18 T, Fig.2). At normal
pressure it was detected earlier by one of the authors /1,2/:
HPR(O) =29+1T.

A quantitative analysis of the MPR is based on the relations:

Note that an increase of nonparabolicity at high pressure shifts
the pseudorescnance stronger than one-phonon process while %X does
not change, according to our estimation. As a result, the rela-
_tion HPR/HN grows slightly at high pressure (Fig.2). The depen-

.

hw = EN(H) - E_(H) for one-phonon MPR, . {2a) dence m, (P) derived from (4) agrees well with the cyclotron re-
° ° . _sonance high pressure data /7/.
. ZﬁCJo = E,(H) - E_(H) for the 1st pseudoresonance, (2b) For HJ.EE orientation the determination of eigenvalues for

 lxli ‘two~-band Hamiltonian is rather difficult. But in this oriente~

- LO~T - N-th dau 1 .
Here ﬁ(do Lo-phonon energy, EN(H) N-th Landau level energy tion only one-phonon processes were. observed, and the non-parabo-

In MPR field position calculations one must take into account a licity is small ; so it was taken into account by including m| (E)

non-parabolicity of energy spectrum that increases at high pressu- dependence into 2x2 Hamiltonian. The problem reduced to a numeri-
re as a result of E_decrease., In our case the non-parabolicity is

* * cal solution of an infinite system of coupled equations. A com-
included in the band model, which describes both my, and my ener-

parison with the experiment shows that the same value ﬁ”o = 12,3
meV for‘ﬁi.a3 as for H;r63 demands the same polaron shift of 7¥.
The data /8/ on the pressure dependence of the spin-orbit split-
ting and the ratio B/S2 were used. The best-fit value for B{P) is

gy dependences. Polaron correction causes a relative shift of sin-
gle~phonon MPR transitions from the calculated value to high mag-
netic field. ‘This shift is usually assumed to be equal-~ ot fh,
{ of - polaron coupling constant). For a two-phonon pseudoresonan-
B(P)/B(0) = 1 + 0.284 P - 0.16 P°, P - GPa (5)
99

ce process this shift should be proportional to (¢/2)° and was
neglected further.
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As @& result, the_measured pressure dependence of MPR in Te

quantitatively explained in terms of the two-band model. The

values of constants of electron and phonon spectra are determined.

The authors thank prof. R.V.Parfeniev for valuable discus-
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in addition, hydrostatic pressure (up to 700 MPa) was appli
6d to the samples in beryllium-bronze pressure cell filled with
silicon oil using a piston~cylinder device. Manganin pressure
sensor was used to the pressure determination. The Curie tempera-
ture was measured by~thé transformer method described in details
by Leger et al./6/. The temperature was measured by calibrated
thermocouple Cu~constantan. -

Results asnd discusion, The dependence of Tc on the Cr con~
tent, on the annealing temperature /5/ and the doses of neutron
irradiation is presented in Fig.I. The increase of the value of
the annealing temperature leads to an increase of Tc, on the ot-
her hand the addition Cr and the neutron irradiation lead to a
decrease of the Curie temperature.

‘Curves of magnetization versus field at liquid nitrdgen
temperature are shown in Fig.2, Curve (a) gives the magnetization
of the annealed sample (523 K/I hour), curve (b) is for the un-
irradiated sample and curve (c) is for the sample irradiated with
SxIOIBn cm"a. It can be seen from this Figure that the magnetiza~
tion of irradisted sample is proportional to the magnetic field H
at higher field. The magnetic isothermals can be therefore expres-
sed by:

M(H,T) = X p¢H + M(0,T)

_where M(H,T) is the magnetization at temperature T and field H.
The decrease of M(0,T) can be also attributed to the spatial in-
homogenities (due to the irrsdiation procedure) in the magnetiza-
tion.

It is evident from the Figs.3,4 that the decrease of Tc with
an increase of the pressure is nonlinear. It seems that in the
smorphous inhomogenous. ferromagnets with relatively small sensi-
tivity of the Curie temperature to the pressure, the reorganiza-
tion of the amorphous structure, due to the neutron irradiation
procedure, leads to an increase of the shift of Tc with pressure.
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nal systems pressure influence would be felt first of all thr?-
ugh a change of hybridization g« Calculation of the Hamiltoni-
an's (3) total energy with the probe function was performed thro-
'ugh variation of D ¥ ¥, parsmeters. These parsmeters were de-
termined by minimization of values of A and g.

Tt is obvious that the ground state, described by the func-
tion (4) has unmatching bond alternation y#yo, for the electron
subsystem and the lattice under U#0. Moreover, ther? is a mon?to—
nicel increase of y with an increase of U value, this reflecting
the trend of the system to dissipate into molecules. In contrast
to y, the displacement of atoms is proportional to ¥, and hes a
maximum under further U lncrease. It is interesting that in the

1imit of absolutely rigid lattice (A=0, yo=0) there remains

energetically favourable presence of bond alternation in the sle-
ctron subsystenm y#yo. It is necessary tg gotg that investigation
of Hubbard chain /4/reveals terms of order USy“In”y in Ecor m t1‘1e

Uz approximation, In this sepce our analysis has a qualitative

character, however it allows to discuss a more complete system

and to account for the gap ¥ unmatching with the lattice dimeri=-

sation ~ y,.
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EFFECT OF FRESSURE ON BAND MAGNETISM

Mohammad Yousuf, P.Ch. Sahu, K,Govinda Rajan

Indira Gandhi Centre for Atomic Research, Kalpakkam 603 I02
India

Abstract

Pressure coefficient of electrical resistivity (PCR) under-
goes a change in the sign and of the magnitude across the Curie
temperature. However, the situation in iron is quite normal. We
show that the anomalous behaviour of nickel is connected to a
substantial band structure change during the magnetic transition.

Electrical resistivity of a band magnet shows a T dependen-
ce for T<Tc and a T depending for T» Tc‘ Mott conjectured that
the kink at Tc is due to substantial Fermi surface (¥S) change.
Considering the fact that the pressure coefficlent of resistivi-~
Ty, 61n}9A§P is a semsitive function of the band structure, and
if there is a large change in the FS across Tc' then alnj7/ap
is8 expected to be different on either side of the T, /I/. Figs.I
‘and 2 represent the data taken on nickel and iron. Obvious point
to note is the clear cut change in the behaviour of the L of
nickel just below and just above the Tc‘ We observe that the
quantity of our interest dIlnp/PP changes sign and magnitude if
weo compare the values at T« Tc and T)-Tc. In Fig.3 we plot the
_célculated and the observed resistivity as a function of tempera-
ture and at a fixed pressure (=50 kbar). It is noticed that above
Tc’ the calculated values do not reproduce even qualitatively the
observed behaviour of nickel, it is clear that a significant fea-
ture must be missing from it. Mott's conjecture on the change of
band structure across Tc provides an elegant solution to this
anomaly /2/. Using this conjecture, we suggest, in the following,
a qualitative account of the anomalous behaviour of paramagnetic
_nickel under pressure, In the high temperature phase of hickel,
the situation can be described as follows:
I. The spins are relatively free, that is, the spin-spin
coupling is fairly weak; and the magnetic
vely localised.
2. During the electron-ion scattering, spin flip is possible.
3. The strength of this spin flip scattering depends on the
nagnitude of the exchange splitting energy.

moments are comparati-
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- It 'is worth noting that the scattering cross section per
nagnetic spin in paramagnetic phase is proportional to. the square
ol the exchange interaction term, Since, the short range exchange
interaction overlap of wavefunctions increases with pressure,
this can lead to an increase in resistivity. This is precisely

300} x 20xbar Toe638K
A 4Okbar TezbkTK

0 50kbor To:649K

—~
€

;s _the situation in paramagnetic nickel.

25210 . Moving to the pressure results in paramagnetic iron, since,
:; the exchange splitting energy is quite large here, spin flip

oy cattering is not a dominant contribution, The usual processes
i% leading normally to a decrease in resistivity can still dominate
P even in the paramagnetic phase.

& 20 | We are thankful to Padmabhushan Shri C.V. Sundarsm and Dr.

P.Rodriguez for their constant encoursgement.

References

A comprehensive review of this work can be found in Mohammad
Yousuf, P.Ch.Sahu and K.Govinda Rajan, "High pressure and high
temperature electrical resistivity of ferromagnetic transition
metals: nickel and iron, Phys.Rev., 1986, B34, 1I, 8086.

+ Mohammad Yousuf, P.Ch.Sahu and K,Govinda Rajan, Evidence for
a:change in the PS of nickel across the magnetic transition,

Phil.Mag. 1986, BS54, 3, 241,

|
600 650 00
TEMPERATURE (K)

Pig.I. Resistivity of nickel as a function of temperature and
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Pig.2. Resistivity of iron as a function of temperature and
pressure. The pressure coefficient of electrical resistivity
remains always normal and negative,
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THE EFFECT OF PRESSURE ON GALUANOMAGNETIC PROPLERTIES OF
ELECTRON IRRADIATED Pb, ,Sn Se

E.P.Skipetrov, V.P.Dubkov, E.A,Ladigin
Moscow State University, Moscow, USSR

Undoped IV-VI compounds and alloys (Pb;_,Sn, Te, Pb1_xSnxSe)

have a high density of native defects due to devia?ion from stoi-
chiometry. The type and concentration of carriers in these matt.e—t
rials are determined by the density and ionization stéte o? p?lnv
defects in metal and chalcogen sublattices, Electron irradiation
generates point defects uniformly in the volume of ?hé sample.
This allows us to change the balance of defect densities ané thus
to control galvanomagnetic properties of alloys /1/. Accord%ng to
the theoretical data /2-4/, levels of native point def?cts in the
lead chalcogenids are resonant with valence or conduction béZZS.
Chalcogen vacancy levels are the nearest leyels to the forb; :f
gap and lie in the conduction band close to the band edgej owa-
ver, when the tin concentration in Pb1_xSnxTe(Se) alloys 1n?real—
ses the chalcogen vacancy level will move down~and at’cerZaln
loy composition it may be situated in the forbidden gap / /i ]
In this work the effect of pressure (P £16 kbar)-on g? vano
magnetic properties of n—Pb1_xSnxSe (x=0.125, O.fg), igrad;at:d
with electrons (T2 300 K, E = 448 MeV, ¢ £3.5+10 cm 7}, hav

been investigated. )
Electron irradiation causes certain changes of galvanomagne

ties of Pb Sn_Se alloys and the character of this
s anven 1oy & i found that in
changes depends on alloy composition. It was fou . -
Pb, _Sn._Se (x = 0.125) concentration of electrons remains uncham-
ge;_gr zlightly decreases under electron irradiation. tiated
. . e
Resistivity and Hall coefficient at T = 4.2 K of 1rré lj)
Sn_Se (x = 0.125) samples increase under pressure (Flg.l ,
Pb1-x o i f electron concentration in the conduc-
indicating the reduction o " P*::1O e
tion band Extrépolation of n{P) curve shows, tha - 10
. . 7 0 i
electron concentration becomes zero and metal—lnsulatorT r st
t = 4,
~12 kbar Hall coefficient a
on occures, At pressure P= o
changes drastically and its sign reverses. In the upper preszu2 .
region (P12 kbar) resistivity and Hallzcoefficient at T(;{é
reach their saturation values. In the low pressure range fjm -
) . : : ¥ 3 e
kbar) temperature dependences of resistivity and Hall coeffic
Sn, S ver
are characteristic for undoped crystals of Pb1_xbnxae. Howe ’
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at higher pressures character of dependences of resistivity chan-
ges and activation dependence on P (1/T) curve,

to existence of the deep local level in the forbi
appeares. The activation energy AE& = EC—E

that corresponds
dden gap of alloy,
tr evaluated from tem-
perature dependence of resistivity, rises monotonically under pre-
ssure at a rate dAEt/dPCdE /dp.

Experimental results obtained in this work may be explained
assuming that band edges of Pb1_XSnXSe (x = 0.125) move with res-
pect to each other under pressure, accompanied with the pinning
of the Fermi level in irradiated samples by the local level Et’
associated, probably, with selenium vacancies (Fig.2). Under pres-
sure band inversion and increase of forbidden gap take place, in-
ducing a flow of electrons from the conduction band to the local
level Et' At P = P* local level transverses the bottom of conduc-
tion band and metal-insulator transition takes place. In dielect-
ric phase the main low témperature transport mechanism is provided
by the hole conductivity through localized states.

In Pb1~xSnXSe (x = 0.25) samples with n = (h45)-1017 em™>
electron irradiation produces reduction of the electron concentra-
tion with the initial rate dn/n®=8 cp™ ', Extrapolation of n(9)
curve, obtained by Hall effect measurements at T=4.2 K, allows us
to conclude, that at q5*248-1016 cm_2 electron concentration in
conduction band becomes zero and metal-insulator transition takes
place. While electron fluence reaches 43* absolute value of RH at
T = 4.2 K decreases and its Sign reverses with increase of magne-
tic field. The sign reversal point shifts to the lower magnetic
field with irradiation and atq>>q>* Hall coefficient at T = 4,2 K
1s positive in the invéstigated range of magnetic fields.

Reduction of the electron concentration and metal-insulator
transition, induced by electron lrradiation, may be explained assu-
ming that the electron irradiation creates deep local level, asso-
ciated with selenium vacancies, in the forbidden gap of Pb1_xSnxSe
(x = 0,25). Generation of selenium vacancies under electron irradi-
ation causes electron. concentration reduction due to a flow of ele—

ctrons from the conduction band to the local level, In dielectric

“'phase the activation dependerice on L1/T) curve, corresponding

to creation of deep local level, appeares, Its activation energy
is zkEt = Et - EV:ZO.O25 eV and is practically independent of
pressure. Positive sign of Hall coefficient in dielectric phase
indicates that the main transport mechanism is the hole conducti-
vity through localized states.
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ELECTROPHYSICAL PROPERTIES OF SEMIMAGNETIC SEMICONDUCTORS
Hgy Mn Se UNDER HIGH PRESSURE

V.A.Koulbachinskii, S,M.Chudinov
Moscow State University, Moscow, USSR

Oscillations of transverse and longitudinal magnetoresis-
tance - effect of the Shubnico&-de Haas (SdH) - were investigated
~'in single crystals n-type of semimagnetic semiconductongI_xM&Se
under hydrostatic pressure up to P=1,6 GPa in magnetic field B up
to 6,5 T in temperature range 0,2+415 K. Concentration of Mn in
the semples was x=0,032 (inversion energy spectrum under atmosphe-
ric pressure, concentration of electron n=4.5=I0I8 cm_3, Fermi
energy Ep=390 meV) and x=0.07 (direct energy spectrum ugger Eg-
mospheric pressure, concentration of electrons n=3%,5I0"" cm -,
Fermi energy Ep=285 meV).

Oscillatory part of transverse magnetoresistance of the sam=-
ple %=0,032 is given in Fig.I for different temperatures, poin-
ters show the positions of ¢ifferent nodes. In Fig.2 you can see
temperature dependence of the second (a) and the third (b) nodes
at different pressures. When pressure increases nodes go to the
region of a weak magnetic field, as like when temperature increa-
868, As transitions to cluster spin a glass observed in HgI_}b;xSe
with x <0.I when temperature T <« I K /I/, then measurements of
oscillations correspond to low temperature linear region in depen-
dence of magnetic susceptibility )(-I on Ty In weak mégnetic field
at low temperature magnetic susceptibility is described by Curie-
-Weiss law, but with fitting parameters € ¥ and ¥ s where x/x%
means average quantity of magnetic atoms in a cluster, Let's sup=-
pose that if concentration of magnetic atoms is not large then
interactions between them is small and hean value of spin <Sz>
in magnetic field direction depends on temperature and magnetic
field as well as in paramagnetic: < 8,” = -SBs(y), where Bs(y) -
Brillouin function, S ~ maximum value of spin, y = 2 u,SB/kT. Os—
vcillation amplitude is proportional %o cos(ﬁ’g“/z), where g” -
effective g-factor. Exchange interdction leads to change of g-fa-
ctor from constant to function of temperature and magnetic field
and in nodes it is equal to an odd number, Interaction of magne-
tic moments in the theory of molecular field can be taken into
account by change of argument Brillouin function on y':Z/uBSB/k .
(T~-9 %), Using x¥ and § ¥ as fitting parameters and values of ma-
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p.arbitr. unit.
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Fig. I. -Oscillations of transverse magnetoresistance L in
sample with x=0.032 at different temperatures (shown in pic-
ture) at atmospheric pressure. Pointers show positions of
different nodes.

trix elements of exchange interaction ligMnSe at atmospheric
pressure /2/ one can calculate the position of nodes at each
_pressure and compare it with experimental dabta. 4s a result a
dependence § ®(P) is obtained, which for sample with x=0,032 is
shown in Fig.3, x/%5" being equal 2,5, that is clusters consist
from 2 or 3 atoms of Mn. Pressure dependence © ¥ (Fig.3) corre-
ponds to transition from antiferromagnetic to ferromagnetic in-
teraction.
The surprising effect was discovered in HgMnSe under pres-
, ure decreasing of carrier concentration (which was calculated
Prom SdH effect). This effect can be explained with assumpbion
about transition of electrons from conduction band to acceptor
,band, born by deep admixture level, generated from conduction
1d, for example in L-points.Energy difference between L and I'
points €, ~ 3,0 eV. From experimental data using Pidgeon-Brown
model was calculated change of EF under pressure, which are pra-
otically linear: |@€p/ OPl = |9 /0P| = 0.09/GPa for both
pamples, .
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Exchange interaction in HgMnSe may be connected with su~
perexchange of Bloembergen and Rowland, virtual transitions ac—

| ToBB zerc energy gap of Bastard and Lewiner and in less degree
with RKKI interaction but in frame work solid solutions of Hglin8s
had electron concentration about 5-1018 cm'3, which correlates
with normal, classical spin-glasses with REKI interactions.,

At the same time in the sample with x=0,07 under pressure
P 20,6 GPa there is no dependence of the nodes positions on tem~
perature. The pressure P = 0.6 GPa corresponds to the increase
~of direct energy gap up to value ~ I00 meV, Decreasing of exchan~

ge interaction under pressure if P > 0.6 GPa means disappearance
of ‘Bastard-Leviner mechanism.
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drosulfates occurs within some temperature range (ﬂ-IOo) and is
¢haracterized by slow motion of the crystal-melt boundary. This
feature of melting is also displayed for an anomalously low va-
lue of (dT, /dp), . X 30 deg/GPa /4/.

P=Pgay
Proceeding from these results and the empirical rule,which
states that hydrostatic pressure is qualitatively analogous to
an increase in the cation (anion) radius, one may expect for su-—
perionic phase transitions to arise in AHS and RHS crystals, In-
_deed, an analysis of the phase P-T diagram of AHS /4/ shows that
phase VI, arising at P 0.4 GPa, is superionic. Pressure p2 0.28
GPa induces a superionic phase for RHS as well (Fig.2). The tem-
perature of superionic phase transition I—+ IV decreases with
pressure (dei/dp=BOtIO deg/GPa), that indicates a higher demsity
__of phase IV, as compared to phase I, However, the temperature of
superionic transition III—> IV in RHS, as well as in CHS and
AHS /4/, is almost independent of pressure (dT /dp~20 5 deg/GFa).
The effect ' of pressure on conductivity in superionic and
low-conductivity phases of hydrosulfate crystals differs both
quantitatively and qualitatively (Fig.3). In superionic phases of
CHS, AHS and RHS crystals conductivity decreases with pressure,
whereas in the low-conductivity phase of CDS (with an accuracy of
57y it is independent of pressure.
The effect of pressure on the ionic transport is usually
characterized by the activation volume V at which can be determi-
ned experimentally from pressure dependences of the ionic conduc~
tivity @

THE EFFECT OF PRESSURE ON PHASE TRANSITICNS AND SUPERFRO-
TONIC CONDUCTIVITY IN HYDROSULFATE CRYSTALS

V.V.Sinitsynl, A.I.Baranov?, L.A.Shuvalov®

IInstitute of Solid State Physics, USSR Academy of
Sciences, USSR

2Institute of Crystallography, USSR Academy of Sciences
Moscow, USSR

A8 has been shown in papers /I,2/, structural phase transi=
tion to a state with superionic conductivity tekes place in a num-
ber of hydrosulfate crystals (hydroselenates) with the general
formula MeHAO4 (where Me=Cs, NHu, Rb; A=S, Se). Such high~conduc-
tivity arises because static system of hydrogen bonds is broken
and a dynamic one is formed /3/. Therefore, it would be of inte~
rest study the effect of pressure on both the phase transitions
with such a type of the position disorder in the proton subsystem

- and the proton  conductivity. In our paper the investigation has
been carried out on an example of hydrosulfate crystals,

In CsHSOQ(CHS) and CsDSOu(CDS) crystals the phase P-T dia-
grams (Fig.I) turned out tc be wholly identical, except for the
III— II trensition, which is not intrinsic in CDS. At the pres-
sures P> 1,0 GPa the P-T-diagram displays two new high-temperatu-
re (VI and VII) and two new low-temperature (IV and V) phases.

' Conductivity G in phases IV and V was ~ I0™C + 1072 O tecm
(T & 300 K), and on transition to phases VI and VII it reached
the values of ~ I0™* + 1072 Ohm™Tscm™L. It should be noted that
up to P~I,0 GPa the superionic transition temperature, T51, was

. almost independent of pressure (4T i/dp_ 5¥3 deg/GPa), whereas
the rate of change of the melting temperature, Tm' was quite no-
ticeable (d’l?m/dp 2150 deg/GPa).

In MeHSeOu crystals (Me=Cs, NHQ, Rb) with increasing the ca-
tion radius (Cs—a-NH —s Rb), the superlonlc transition temperatu-—
re elevates (I27 °C -— Iu4 °¢ — 173 %) /2/. On the other hand,
the superionic phase in MeHnOu crystals is realized in CHS only,
and in crystals with a less radius, for instance, in NHQHSOQ(AHS)
and RbHSOQ(RHS), no superionic state exists up to T, though the
low-temperature phases are identical. Note that the process of
melting in AHS and RHS differes significently from that of common
ionic crystals. The solid body-melt phase transition for such hy-

v T(alan 'Dlnef

= - n(Rey, )p s D (R

dp -

21lnA
a + T ( 5D

where A is the conductivity prefactor in the Arrhenius law,

In superionic phases of CHS, AHS and RHS crystals the values
of V turned out to be equal to 1*0. 5 cm /mole, I.1%0. 5 ¢ém /mole
~and 2 5%0.5 cm /mole, respectively. The qualltatlve difference of
'these values from V =0 in low-conductivity phases indlcates e8sen~
tial change in the mechanlsm of proton conductivity upon trensi-
tion to a superionic state.
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CYCLOTRON RESONANCE AND IMPURITY LEVELS IN TELLURIUM
IN SUBMILLIMETER REGION UNDER HYDROSTATIC PRESSURE

S.G.Lyapin', M.I.Eremets', A.M.Shirokov', E.A.Vinogradov?,
S.V.Demishevz, Yu.V.Kosichkinz, R.HerrmannB, H.—U.MUllerB,
F.Ludwig>.

1L.F.Ver'eshchagin Institute of High Pressure Physic3s of the
USSR Academy of Sciences, Troitsk, USSR

2The Institute of General Physics of the USSR Academy of
Sciences, Moscow, USSR

3The Humboldt University, Berlin, GDR

We were the first to realize under hydrostatic pressure the
submillimeter high resolution magnetospectroscopy /1/ - one of the
most informative tool of band structure and impurity states inve-
stigation in semiconductors. ‘

Subject of our inquiry was Sn-doped Te with p~2-101bcm_3.
Transmission and photoconductivity were studied at magnetic fi-
eld up to 6 T and under P up to 3.4 kbar at the helium T. Wave
back tubes and submillimeter laser were used as radiation sour-
ces.

Pressure dependence of the hole effective mass was determi-
ned with the high accuracy from the cyclotron resonance (CR) line
position in transmission spectra (Fig. 1a):

* *
mp (P),= mp
where m (P.) = (0.112 # 0.001)-m_, a = (5.6 £ 0.1):107% kbar™,

(Py) + exp(-aP)

In photoconductivity spectra we observed impurity lines which
were focused in three different values of zero magnetic field
B = 1.2 meV - F .and € lines, E, = 1.8 mgv - E
= 2,0 meV - B and X lines. From the circularly po-

transition energy: E
and D lines, EX
larized radiation investigation we conclude that F and C lines
correspond to transitions from the ground "bonding" state of ‘hyd-
rogenlike impurity to 2p+ states.

The pressure shift of lines originating from EB transition
had another sign and value than the shifts of lines originating
from E; and Ey (Fig.2). F and C lines were slightly shifted to the
low magnetic field in a linear fashion. D, X, B lines were sharp-
ly shifted to the high field ; the shift being nonlinear attained
a saturation at P> 1.5 kbar,

The pressure dependece of the hydrogenlike impurity binding
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Fig. 1. Pressure effect on the hole effective mass (a) and
impurity transition energies (b).

Fig. 2. Pressure effect on the magnetic field p051t10n of
impurity lines and CR: T=1.6 K, A 39&/nn

energy {which agrees with Eg accurate up to kT~0.15 meV, Fig.1b)
is more sharp than one determined from galvanomagnetic data /2/
and ‘does not exhibit nonmonotonic behaviour predicted in /3/.
~From more sharp.pressure dependence of ED and EX energy in
comparison with EB we conclude that transitions ED and Ex were

from a ground level and a short-range potential played a large

role in its formation.Therefore B,X,D,E lines are unlikely to be
explained by transitions between exited states of heliumlike im-
purity. Thus a defect responsible for ED, Ex transitions has qui-

te different nature than hydrogen- and heliumlike impurities.

To determine electron effective mass m: data about which are
inconsistent we investigated CR of nonequilibrium charge carries,
Transmission change A Tr induced by the interband illumination
{He-Ne laser, 3.59/um) was recorded over the range 2-100 K (Fig.3).
The circularly polarized submillimeter radiation was used to sepa-

vate electron hole contributions,
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In the active sence @f circular polarization CﬁA typical at
the low temperature W-shafed curve ATr was transformed to V-sha-
ped curve at the high temperature. The shape of the curve ATr and
its change were well described by hole absorption only /4/.

The line 1 observed at 2K in CRA corresponds to one of impu -
rity lines in photoconductivity spectra.

In the inactive sence of circular polarization CRI the strong
line 2 was revealed over all temperature range, Its temperature
dependence, the different position with respect to CR of holeé
did not furnish an explanation of the line 2 by hole absorption
induced for example by depolarization effects. A special sample
surface preparation decreasing accumulation layer depth resulted
in decreasing of the line 2 aqplitude by a factor of ten. There-
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2 appears to be attributed to nonequilibrium elect-

ore - the line
. rons with m;s:0.115omo localized near (0001) surface.

The line 3 arised in some temperature range in CRI, T~ 25K
was the optimal T for its observation. Corresponding m:=0.06-m0
well agrees with calculation /5/ for bulk electrons. The tempera-
_ture behaviour of line 3 agrees with results of /6/ inaccordance
to which changes of electron mobility and lifetime over the range
22400 K must cause an existance of some temperature being optimal

for electron CR observation. It seems. that CR of bulk electrons

at low temperature was observed for the first time.
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SUFERCONDUCTIVITY OF HIGH PRESSURE PHASES OF a=Si AND
a~Si:H

I.,V.Berman, E.A.Cohen, I,L.Romashkina, V.I.8idorov,
D,P.Utkin
Moscow State University, Moscow, USSR

We have studied the SC properties of amorphous a=-Si and
a~SitH at high pressures. Crystallization pressure of amorphous
silicon can exceed substantially the metalliza{ion pressure /I/.
It permits to study the features of SC transition temperature Tc
as the crystallization pressure is approached and also in crys-
talline phases that arise at higher pressures.

The samples of a-Si with the thiclmess D<5 Am were produ
ced by the vacuum deposlition technigue. The films of a=SitH with
the thickness Deov I=5 /um were prepared by the glow-discharge de-
composition of silane and contained up to 20 at.% of hydrogen.The
thin films (D<0.I /um) of a~Si:I0% H have also been studied.

Pressure induces an insulator-metal transition accompanied
by a drop in the electrical resistance R by seven to ten orders

of magnitude in the a-Si and a~Si:H systems. The distinct increa=-

ge in transition pressure Po with the enhancement of hydrogen
content X is observed (Fig.Il). We haven't succeeded to transform

230 ¥ T T T
5
Q
< y
C1§ x ///
/
~ 200F / .
5 /
Q .
/.
& pa
50+ » J
2 e
3 /
S v
/OO?V . e

i 5 0k a B
Hydrogen conlenl X, al s

- Pig.I. Semiconductor-metal transition pressure P, dependence

on hydrogen content X of the amorphous silicon film
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thickness D> I um. White circles are the data of rng}gs.the

Present work data are marked by black symbols, The cross la-

bel i :
yet? the pressure at which a~5i:20%H films weren't metallized

the a-B8i:20%4H sample into metallic state by applying the pressure
at least up to 220 kbar, Transition pressure Pobr220'kbar for
thin films (D<O0.I /um) of a=Si:H is significantly higher than
that of the films with the thickness more than I /um and the same
hydrogen content.

There are a number of features in temperature dependences
of R(T) of a~Si and a-Si:H samples. The R(T) dependence of the
samples with Dy I is metallic in the temperaturs range from

" 300 K to Tc. The dependences of R upon T and behaviour of Tc for
thin a-Si:H films are completely different from the corresponding
dependences for the thick films. The R decreases by 4-5 % down to
its minimum at ~ 50 K and increases by 2 % in cooling down to 4 K,
The onsets of SC transitions are observed at Te 2 K.

The value of Tc of a~S8itH films with D>1I Jm falls off 1i
nearly with the pressure enhancement at the pressure range
PO(X)< P < I40 kbar (metallic amorphous phase (Fig.2, curve ).
According to X-ray emalysis /I/ for evaporated a~Si at this pres—
sure range the crystalline peaks appear over the amorphous back-

gtound and high-pressure phase of a-Si below I50 kbar can be re-~
versed to the amorphous state after the compression. The situa-
tion 'in a-Si:H appears to be similar. This suggestion agrees
[VWith experimentally observed reversibility of T, at the motion
along the curve I (Fig.2). The amorphous metallic phase of a-8i
with Tc values corresponding to the curve I persists up to pres-
_ sures I80~-200 kbar (Fig.2b).

, The complete crystallization of a-Si takes place at pres-
’aures ~ I70 kbar /I/. Thg dependence of Tc on P of crystallized -
phases of a-8iiH in tho form of the curve with the maximum near
175 kbar (Fig.2, curve II) has been shown primarily in /2/. This
curve is completely reversible. Maximum near P=I50 kbar which
was observed in the work /3/ on the crystalline c¢-Si in the pres-
sure range I40<P<250 kbar agrees with the character of T on P
dependence (curve II)., In accordance with X-ray data /4/cthis
Jependence is connected with the coexistence of two phases at
~T40 kbar and with complete transition of the sample into ph-
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rium metallic amorphous state (at P I60 kbar) with Tc correspond-
_ing to.curve I or a crystalline state with Tc‘corresponding to
curve II, After a complete crystallization of the sample (at

P > I80 kbar) this effect disappears.
' The increase observed in T, near the crystallization thre-

o S

shold seems to be most closely related to the decrease in Tc for
superconducting glasses during annealing of freshly quenched sam-—
ples in nonequilibrium state.
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gs Te nonequilgbrium phase of a-Si:H. The sequence of state
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-phase at P> I50 kbar /3/. Dissppearance of the superconductivity
at P ¢ I00 kbar seems to be connected with enhancing the concent-
ration of semiconducting bcc phase., The attention should be gi-
ven to the fact that the thicknsse and producing conditions play
a significant role in behaviour of a-Si and a~Si:H films under
pressure, The results obtaining for thin a-Si:H films appear to
point out the enhancing role of the electron localization effects
“as D decreases, which lead to the change of the curves R(T) and
to the suppression the superconductivity. ‘ ‘

In the pre-crystallization range of a-SitH at intermediate
pressures I40<P¢ I80 kbar the following interesting phenomenon
is revealed: a small pressure increase causes substantial (up to
.3 K) increase in Tc (Fig.2, curve III)., The state with the higher
Tc persists for 2«3 h at room temperaturse. Afﬁer a long annealing,
this stste is desrupted, the system going into either an equilib-
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RESONANT IMPACT IONIZATION IN Bi-Sb ALLOYS UNDER UNI-
FORM COMPRESSION AND STRONG UNIAXIAL DEFORMATION

E.V,Bogdanov, N.Ya,Minina
Moscow State University,Moscow, USSR

The resonant impact ionization effect which is caused by ve<
rtical Auger transitions at quantizing magnetic fields has been
discovered in semiconducting bismuth-antimony alloys /1/. It is
shown that. the positions of the resonances are determined by an
energy gap width and that the effect can be used for the deter-
mination of the energy spectrum change under applied external
stress., Resistivity measurements in n- and p—type.Bi1_bex semi-~
conducting alloys (0.10£x40,16) at high electric (E = 50 V/cm)
and magnetic (B4£5 T) fields which are reported in this paper
have been performed under unjform compression up to 1 GPa and
strong uniaxial compressive deformations up to 0.,2% at 4,2 K.

At normal conditions but at high breakdown electric fields
(curve 1 in Figure 1) the resonance type minima appeared on mag-
J.netic field dependences of resistance in quantizing magnetic fi-
elds like it had been observed in Ref.1. The magnetic fields BN

of impact ionization resonances do not depend on the value of ele-

ctric field or electric current and can be described quantitati-
vely by the relation:

E2

_ﬁ&_ (1)
is a free electron mass; M is a product of matrix ele-
ments which doesn't depend on strains: E L is yhe width of the
energy gap at every L point of the Brillouin zone; N =1, 2,3
/1/. . ' .

Fig. 1-shows that the magnetic fields at which the reso-
nances are observed decrease under the pressure, When the expres-
sion (1) is taken into account it is naturally to explain this
effect by well-known /2/ decrease of direct energy gaps in
Bi, ¢ Sb, alloys (x >0,05) under pressure. The position of the
N=1 resonance was strictly fixed at the whole range of pressures,
The amplitude of the N=2 resonance decreases repidly with pressu-
re and its position moves to low magnetic fields where extremely
large monotonic increase of the resistance doesn't permit to de-~
termine its position with sufficient precision. The dependence
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BN = M —ér.—

where m,

Nt
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1 s 2

TK/‘A B.T
Figi1. Dependence of the resistance P on the magnetic field B
in'n-Bi, 8959011 ¢:3/] jJ/CZ) at the following pressures p, GPa:

1;5—10‘h; 2-0,335; 2—0.56; 4-0,74 and the current density j,
‘A/cmZ:»1+b - 4.5.103; 5-10.

of B, onthe pressure value p is E1°'5fV - p (curves 1, 2 in ‘
1g.2): This law can be easily obtained from (1) assuming the li-

hear decrease of the energy gap with pressure and its poor respon-

8e to the change of magnetic field /2/. The value dE L/db x o~

47 meV/GPa  1is obtained from the expression (1) and data on Fig.2

(curve 1, 2). This sufficiently agrees with result dEgL/de!—

25 meV/GPa known for Bi,_ Sb alloys /2/.

Fig,3 shows typical magnetic field dependences of the resis-

ance under strong uniaxial compressive strain along C1 axis,

or low current density the resistance increases monotonously

8.3, curve 4), For high current densities, which correspond to

ctric: fields above the threshold, minima like anomalies con-

gcted with resonant impact ionization appear. The resonance at

% 1.5 T results from the vertical Auger transitions in L2 and

' equivalent valleys (N=1) /41/. Minimum at B=0.75 T is connec—

_with transitions in L, (N=1) and in Ly Ly (N=2) because in

: s orientation the value of M for L1 valley is- half as large

for L2,L3 valleys /1/. Invariability of the resonance position
1.5 T and absence of any minimum splitting at 0.75 T mean that

fedt energy gaps in all three L points of Brillouin zone are

ynstant up to the highest obtained deformations. Under uniaxial



mpression -along C, axis anomalies of the resistance are some-
at weaker but they hL:ve the same properties,
Absence of any essential change of direct energy gaps in

JE5t, meV
Ly '

Bi-Sb monocrystals under uniaxial compression which is establi-

ed by ‘the resonant impact ionization method is in perfect agree=
nt with the results of calculations made on the basis of known
deformation potentials /3/.

The method of the resonant impact ionization may be used for
xploring influence of the external conditions on direct energy
gaps of ‘materials.
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Fig.2, Dependences of B$f5 (curves 1 and 2; left - hand scale)
~and the thermal energy gap E t (curve 3 ; right-hand scale) on
the pressure p in n-Big 5,5by 16(1) and n-Bij 895b0 1 (2,3),

BJ) 31 C,. The insert shows the schematic diagram of possible

L band extrema displacements in Bi-Sb under pressure gradients
in high-pressure chamber.
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. Fig.3, Dependence of the resistance p on the longitudional mag
netic field B in p-Bijy ggSbg 45 (B” J ”C1) at the following va=
lues of strain under uniaxial compression along C1 axis -:xx.y,

1,4~0;2-0,06; 3-0+12; current density 3,‘A/cm2: 143-400; 4-40,

The insert shows the c¢ schematic diagram of the L extrema posi

tions in Bi~Sb under uniaxial compression along C1 axis /3/.
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THE EXTREMALE HIGH UNIAXIAL ELASTIC DEFORMATION INDUCED
INVERSION OF THE ENERGY BANDS IN n-Ge UNDER CONDITION

€4 & £
exp( - ) + B, exp (- 'TET) +6, exp(-ﬁr)
OF METAL - INSULATOR TRANSITION (THE MOTT-TRANSITION) B =601 Pl ET 02

Since the uncompensated crystals with the impurity concent-
ation below critical concentration of MI-transition exhibit the
~conductivity at T=4.2 K /3-5/, the strain change of conducti-
Yy caused by LI— AI - inversion depends on Qariation of activa-
on energy & os diel:

L 4
s" S o2 exp ( €2~}

P.I.Baranskii, V.N.Ermakov, V.V. Kolomoets, P.F.Nasarchuk

Institute of Semiconductors, Academy of Sciences of the
Ukrainian SSR, Kiev, USSR

It is well known that characteristic features of metal - insu=
lator (MI) transitions due to the change of wavefunctions overlap-=
degree are caused mainly by the transformation of impurity states
and impurity bands /1/. Conductance band parameters remain the
same as in lightly doped crystals, -

Recently it was experimentally obtained that in n-Ge <Sb> the’
LI - AI ~ inversion of the type of absolute minimum of conductan=
ce band may occur, it may cause the transformation of shallow do-
nor states due to the change of band parameters resulting from
transformation of germanium-type conduction band into silicon-type
conductance band under uniaxial pressure X fjfoo1] /2/.

Account the essential change of impurity states ionization

energy during LI - AI - inversion M-I transitionAmay occur in
larger interval of concentrations corresponding to metallic con-
ductivity than in the case of MI transition due to deformation
induced change of the wavefunctions overlapdegree resulting from
the decreasing of valley-orbit splitting /3,4/,
' Furthermore since the ionization energy of shallow impurity
donors essentially increases at the L - A - inversion /2/ (in
the contraty to deformation-induced transition insulator-metal in
n-Ge ¢As> and n-Si /Pp) the latter may cause the metal-insulator
transition in n-Ge(Sby.

The results of automatic recording of resistivity of n-Ge<Sbs
crystals at Teh.2 K and X||[0CI] E are shown in Figure.

The experiments were performed on n-Ge<Sb» crystals with the
impurity concentration below (curve I, see Figure) and above
(curves 2 and 3) the critical concentration corresponding to MI
transition.

a 6«6

)

This expression permits to evaluate the conductivity varia-
n at Lo~ AI inversion in the vicinity of MI doping level tran-
ibn; Thus taking into account that ionization energy of shallow
ors in Ge -increases by a factor of four at LI- AI—inversion /2/
d assuming that the increase of activation energy & Es is appro-
mately the same (i.e. -2 '482) one obtaines for example that
r the sample with activation energy £ -2 meV the increase of
tivity due-to the inversion of germanium c~band into silicon
e band is equal to:

L A L
Gn oxp (262
G, KT

)~ 1.5 107

Low-temperature transition to activation conductivity and
esponding deformation-induced increase of resistivity of the
le whichexhibits metal conductivity in the unstrained state
d,evidently, occur ifs

&3 - &>kt ~ (1)

iﬁg,is the activation energy for the transitions in the se-
impurity band, which was separated from the c-band due to

' inversion, £ % is the Fermi energy of degenerated elect-
£8s in-the initial state.

“or the initially degenerated samples the increase of crys-
sistivity is given by expression:

It was shown that at T=L,2 K the resistivity of crystals I jev (59 f?erF ( Eé = E;
increases due to L= AI - inversion by more than seven orders of Po N S o " %2 exp kT =
magnitude and that of crystals 2 increases approximately by six a L
orders of magnitude, : = Aexp(—2 "'EF) (2)
It is well known that in general case conductivity of crys-
tals with intermediate level of doping may be written as:
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It is experimentally observed that at T=4.2 K and X||[00I] the
trénsition in Sb doped n-Ge takes place at donor concentration
is 2 times larger than in unstrained crystals,

4001 %f: | . |
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Depéndences fi/fk = f(X) for Sb-doped n-Ge crystals ; the
concentrations of Sb are: 17 3
1 - Nsb = 6.6+1016 ¢cp-3; 2 - NSb = 1,7710 cm 3

3 - Ngp= 2°10"8 en™3, T = 4.2 k. x| #]l[o01].

Taking into account the deformation induced increase of re-
sistivity of sample-Z (which at T=4.2 K and X=0 exhibit the me=
tal conductivity) by more_ than six order, one may conclude that
in this crystal 33 is essentially larger than €& % (see (1) and"

“(2) ).

In the case of strong degeneracy (Figure, curve 3) Ly~ AI
inversion does not cause MI transition. Probably, in this case
the shift of impurity band does not exceed the Fermi energy and
according'to {(2) the activation-type conductivity will not occur,
The increase of resistivity of strongly degenerated crystal is
caused by the transition of carriers from LI~ to AIevalleys. In
this case Fermi level remains in c-band, ’

Thus,we have experimentally observed MI transition caused by
the conductance band transformation due to LI_ AI-inversion of
X ||/[001]. This inversion of band minima causes the transformation
of impurity states and impurity bands, leads to the separation of
impurity band from c-band and to the activation-~type conductivity
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HIGH-FREQUENCY FROPERTIES OFANTIFERROMAGNET(CZHSNH3)20u014

Both uniform pressure and axial one applied along the sym-—
AT HIGH UNIFORM AND AXIAL PRESSURE

try axls - ¥ do not change the symmetry group of the crystal
herefore in expression (I) there are no additional terms of lo~
r symmetry. Changes in the magnetic properties of the crystal
uged by the external pressure can be described by the pressure
pendence of the parameters of Hamiltonian (I).

/ Behaviour of the frequency-field dependence of the AFMR

The symmetry group of paramagnetic phase of antiferromagne- : ﬁr?m Of the specimen subjected to the uniform pressure is
tic (APM) (CHoNH;),CuCl, is D /I/. Magnetic cell coincides Owénzn)F;iéi' izrzis depéndence of the APMR spectrum of
‘with crystallographic one. 2l5NHz) 5 4 ; e magnitude of’unlform pressure is revealed.

Investigations of static mégnetic properties of the given Fh,characterlstlcs of the spec?rum‘as spin~flop transition fi-
AFM performed in /2/ showed that at T ¢ Ty(Ty=10.2 K) Cu®* ions d Hey and acoustic branch activation frequency Ve decrease
located within crystallographic planes parallel to (ab) plane are the increase of the uniform pressure. Dependences of Hgp and
ferromagnetically ordered. At zero external field (H=0) magneti- < 9@ the uniform pressure magnitude are given in Figs.2,3.
zations of adjacent layers with ferromagnetically ordered Cu2+
ions are oriented along the magnetization easy axis & and oppo=-
site with respect to each other,

The present paper is aimed to study the pressure effect on
the anisotropy of magnetics. The investigation was performed by
antiferromagnetic resonance (AFMR) at liquid helium temperature
(T=4,2 X).

The frequency-field dependence of the spectrum is studied
by'meana of the AFMR spectrometer with the rumning wave spiral as
a resonator. The study was made over the frequency range from
300 MHz to 2.5 GHz, .

Uniform pressure was created in the "piston-cylinder"-type
chamber with two microwave frequency electric inputs in the shutic
ter. Axial pressure was created by the bellows press and applied
along the G-axis of the crystal. Axial pressure effect on the
AFMR spectrum was studied on cylindrical specimens 3 mm in diame=
ter and 2.5 mm high, : :

According to papers /3,4/ description of the AFMR acoustic
branches of (CZH2NH3)2CuCl4 can be restricted to a two-sublattice

model. From the symmetry considerations energy density can be pre-
sented in the form of

V.Vasyukov, V.Telepa -
Donetsk Physico-Technical Institute of the Ukrainian
Academy of Sciences, Donetsk, USSR

dHgp/dP=~(24%4) . 10 m/MPa
(2)
Ve /dP=-(I00%10)+ I0™2 MHz/MPa

At 670 MPa a pressure-induced orientational phase transition
lthe Morin-type occurs /5/. As a result of this transition
‘megnetization direction passes from B-axis to b-axis. At
her increase of uniform pressure Hgp (at ﬁlls ) and ﬂ; mono-
usly increase, Within the measurement error limits this de-
Hdence is of linear nature and

dHgn/dP=+(73%15). 107 1/MPa

(3
@V /aP=+(240%40) 1072 MHz/MPa

_ Maximum axial pressure applied to the specimen did not exce~
Pa, Within this pressure all changes in the AFMR spectrum

ompletely reversible and no noticeable broadening of reso-
lines caused by the axial pressure non-uniformity was ob-

‘Shift of the AFMR spectrum resonance line (HI=240'IO'#T) of
ollinear phase on 575.6 MHz frequency caused by external axi~-
ressure is shown in Fige4, the shift of resonance lines of the
t1lop phase (H2=O.1295 T) and ferromagnetic phase (H3=O.I657!D
1.765 GHz frequency is given in Fig.5.

'Solving equations of motions for irreducible operators we ob-

a ;] 2 2 .
H M, =-Hp65+65)/2 + Hy Gy Spr H (B5y+65y)/2+Hy G py Gpy+

<2 2 / ; S , (1)
+ Hy Gyp+Opp)/2+Hy 64y Oy ~Hy(64y G = Gpy@ey)-HG)y +65y )~

: dAzﬁA/M ;—(:fB:‘ﬁB/M ;ﬁA’EB are the megnetizations ofA andB sublattices. 4 expressions for AFMR resonance frequencies for all three
o o . ;
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phases under considerations. Expressions for resonance freguen-
cies were used to determine sensitivity constants of resonance
fields with respect to parameters included in Hamiltonian (I) de=
scribing magnetic properties of (CZHSNHB)BCuCLl4 crystals,

Shiftsof the spectrum resonance lines on these frequencies
of the microwave frequency field are determined by the change of

1d in the (ac) plane changes much more drastically than the
terplane exchange one,
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ve frequency field.
For resonance fields HI' H2, H5 numerical values of the
sensitivity parameters are given in relationship (4)

AH/dP,, ,=0,08aHg /AP +3.2d(Hy+Hy) /dP
dHe/dP”c=o.96dHﬁ/dP”C-o.ssd(HY+H§)/dP"c-o.025d(HZ+Hé)/dP”C )

' ] [
QH, /P, =2,0dHy/dP , ~0.85d(Hy+Hy)/dP , ~0.I54(Hy+Hy) /dP, o

., Change in resonance field HI is mainly due to change in ani-
sotropy field in the (ab) plane Hy+H§. Anisotropy change in the
(ac) plene HZ+H; the most vividly manifests itself in resonance
fields H,, H5.

Substituting experimentally obtained numerical values

2} ~T.0s 104 =
dHp/dP, =-0.15° 107 'I/MPa} dHp/dP, =1.0+107 T/MPa} dHz/dP, =

=0,5 -IO‘“T/MP& one can determine the magnitude of the contribu
tion of the change of each parameter of the Hamiltonian to the
resonance field change and distinguish axial pressure dependence
of each parameter individually

aBl /aP, =T.4+107*T/MPa

—
0,06
e Friquincy—field dependence of the AFMR spectrum:
ro_H’ _-:» -,. _ . 2 - -
> =5 Ha, e Hjlbz, P_Q{E 19 MPa (e - HH &, o ~ Hiib)s
10" MPa (w -~ H4b, o~ H: 7).

d(Hy+Hy) /P, (==0,08+T0'T/MPa (5) . 0.02 0.04
d(HZ+H%)/dP”C=I6-IO‘“T/MP&

The obfained results show that in the presence of the axia
pressure applied along the crystallographic € axis the anlsotrop
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FRESSURE EFFECT ON THE R(Fel-xcux)Z COMPOUNDS FORMATION

AND THEIR MAGNETIC PROPERTIES V. paraneg.

A.V.Tsvyashchenko®, L.N.Fomicheval, V.E.Makhotkin®

’
V.A.Fradkov2
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" The crystallization of the compounds ReCupy (Th6Mn23-typé
structure) has been investigated in earlier work * where it was
assumed that the copper was divalent (Cu*2). This assumption leg
us to investigate the pseudobinary RFeZ-RCu2 gystems with the
of obtaining compounds of composition RFeCu.

The synthesis of a stoichiometric mixture of the elements
was carried out by application of high temperature at a constan
bressure of 7.7 GPa in a chamber comstructed by Khvostantsev
et.al, ' ‘

The structure of the compodnds was detected by X-ray dif

raction, using a Debye-Scherrer camera IT4 mm in diameter and
nickel-filtered Cu Ky radiation.

- " ferri.
P v.
S~ pl -~ " clusters e

0.1 0.2 0.3 0.4
X

Magretic phase (T,C) diagram for

“the Yb(FeI_xCux)2 system.

. that in the cubic Laves phase (CI5) the ytterbium is
o 2 . 0
t and copper has the 3d’4s“ configuration. oo
' ésults of our magnetic measurements may be summa
ws., Up to 50 at.% Cu the alloys have & spontaneous mag

. ism for YFeCu and

The magnetization measurements were done on polycrystall sion clearly indicative of §e§r022in?;2?m0u) sublattice
samples using vibrating-sample magnetometers. An electromagnet sgnetism for RFeCu (sce Tab ; é curve for the YFeCu and
was used for fields below I0 kOe in the temperature range 4,2 tion determineé fron t?eh —For the YFeCu alloy, assum-
700 K while & superconducting coil was used at 4,2 K for field 33110ys is sufficiently high. bout I.3 as in YPeAl,
up to 67 kOe. , .+ the iron moment is equal to & e about

The X~ray powder data Z“or RFeCu (where R=heavy rare earth
and Yb(FeI_xCux)2 (Where 0£x%0,5) were indexed in the basis
the cubic .unit cell of the MgCua—type (CI5) structure and spac
group Fd?m, Al light rare earth phases of composition RFeCu,
except CeFeCu, form compounds with the hexagonal Manz—type (Q
structure. The X~ray powder data for the YbCu2 alloy were inde
on the basis of the hexagonal unit cell (CI4-type) with the fo
lowing parameters: 8=5,260(5) % and ¢=8,567(8) &. The ¥ increa
continuously with increasing copper content. However, a strong
negative deviation from Vegard's law is observed. From that it

ds that the magnetic moment of copper is equaldtiinium
.’Fér fhe GdFeCu alloy, taking the moment of.ga omoment
'?VI (as in Gdal,) and assuming that the ironm s
‘ as in Gd(Fe,Al), and that the (Fe, Cu) mZi nte ©
eﬁtiparallel o the gadolinium moments, o?e ilniz tze

or moment is equal t0 about 0.5 t Tha? lih :e ailoys .
04) sublatvice magnetization behav1o§r 1n. e e aye,
;f to the cobalt magnetization behaviour in the 2

i 8 show
The low field magnetization against temperature curve

xistence of freezing temperatures Tf for x;;O;B;B T
ke magnetic behaviour of Yb(FeI_xCux)2 alloy is L
h Figure by the magnetic phase (T,C) diag?am, W ch consists
ve fields. In fields I end I the magnetic struct

#% Tsvyashchenko A.V,. High pressure synthesis of RE Cupz comp0s
unds (RE=Tb, Dy, Yb, Lu). ~J.Less.Common Met, , 1884, v.99, N
Pp.L9~-LIX.
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Structure, lattice constants a(c), mean atomic volume v,
Curie temperatures T, compensation temperatures Teoms
saturation magnetization Ms

HIGH~PRESSURE STUDY OF IMPURITY RESONANCE SCATPERING
MECHANISM IN Cr-Fe BASE ANTIFERROMAGNETIC .ALLOYS

V.Yu.Galkin
Central Research Imstitute for Irom and Steel Industry
Moscow, USSR
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gg g%z . g:ggg% g:ggégi %g.gg T.54 - The impurity resonance scattering (IRS) model has recently
Gd CI5 7.426(7 I7.06 699 5:00 been developed for antiferromagnetic (AF) Cr-rich alloys. Accord-
To g%g ;'ggg g %2’2:{ 588 6.87 ng to this model the spin polarized impurity states are formed
Ho CI5 7:350 5 16:41 499 7433 in the energy kgap occuring in AF Cr-rich alloys /I/. If the TFermi
g: g%? g:gg% g %g:gg 120 3,03 level Ep approaches that of the impurity state E then the ampli-
Tb CI5 7.277(5 16,06 358 ~y, 2 o:ua ude of the conduction electron scattering increases sharply. The
%u _ g%g ;.3232 g %2.;'; 381 L.50 ontribution of IRS to the total resistivity P(T) is written in

the form:. (E—EF)2 gp2 1-T

I
Pros =77 1oy | I+ 12 5y (1)

linear below all the ordering temperatures and orbital contribu
tion freezing of the ytterbium moment does not yot occur. In fi-
elds III and IV the coprer atoms bear a magnetic moment, at

low-temperatures the ytterbium moment is
tic clusters appear.

where is the resonance level width, Nr(o) is the density of
ate in the electron reservoir.
The experimental evidence that supports the validity of the
S model for AF Cr~Fe alloys was obtained by studying the effect
f Mn.end V doping on Pu,o of (Crloo_x(y)u%(vy)) - 2,7 at% Fe
oys /I/. It is known that the addition of Mn %o Cr or Cr-rich
lloys results in EF increase while the addition of V results in
ts decrease. According to (I) a sharp increase of j04'2 at . -
Ot at% Mn and yres:0.45at% V was believed to result from the
upe;'position of EF and the impurity levels with ES and Ea ener—
les correspondingly.
As has been pointed out previously /2/ the application of
high pressure to Cr alloys results in EF decrease. Therefore it is
xpected to get new and valuable information about IRS mechanism
rom the resistivity measurements under high pressure, In this
8peT we are presenting the results of P(T) investigation of
C::ioo_x(y)Mn\A(Vy) -~ 2,7 at% Fe alloys on application of high
regsure up to 2 GPa and at atmospheric pressure. The obtained re-
ults as well as p(T) data for Cr~Fe /3/ alvloys are discussed
ron-the viewpoint of the IRS model.
- The sample preparation methods and the experimental tech-
lques for measuring resistivity have been described previously
1/. The high pressure was generated in berillium bronze preasure
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in the behaviour of Mn- and V-doped alloys is connected with the
different Ep positions relative to the impurity level with energy
Ea and can be explained from the viewpoint of the IRS model. Sin-
ce E; in 0.25 at% Mn-doped allcy is higher then EB level /I/ the
value of (EG-EF) parameter should decrease on application of
pressure, go to zero when the resonance condition is fulfilled
and then increase again,Owing to this, the Pa.2 res(P) depen-
dence should also be non-monctonous, which seems to be the reason
of the experimentally observed non~monotonous }34,2(P) dependen~
ce (curve I, Fig.,I)., The observed maximum in the joq.z(P) curve
at P~ I GPa is supposed to be the result of EF and Ea superpoeif
. tion, In both V-doped alloys EF is lower than Ea ~level, therefo
re J34.2 res should decrease on application of pressure, which
is supported by the experiment as well (curves 2, 3, Fig.I).
Fig.2 shows P(T) curvaes for (Cr99.75Mno.25) - 2.7 at® Pe
alloy at various pressures correspondingly.The addition of V cau
sessimilar changes in jD(T) behaviour that can be explained in
terms of IRS model,
It follows from (I) that at low temperatures in case of
EPXZES, ‘f)res should decrease with temperature, which can caus
the appearance of minimum in P(T) curve (/Dmin)‘ This idea has

been supported experimentally. In both cases low temperature mi- ; .2.The electrical resistivity of (Crgg, oy, 55)=2.7 ath Fe
oy a8 a function of temperature for various pressures (GPa):

§ 2 = 0,534 3 -~ 0.88; 4 - 1,093 5 = 1.35; 6 ~ I.59.

vessel. A mixture of propane and transformer oil was ussd as )
a pressure transmitting medium, , P [Ohm-m]
The pressure dependences of 3, , of the studied alloys are , ___f'-'ﬁ‘_'f"']'"'f""f”’:
. N . B 4
shown in Fig.I. We suppose that the observed drastic difference Rlxm'IOhMJnJ v %' fremt-- 4--‘%--4—--L S
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The electrical resistivity at4.2 K ag(CrIoo_x(y)Mnx(V M-
7 at% Fe alloys containing: I - x=0.25 ath Mnj 2 - y=0.5 ath V;
y=2 at% V as a function of pressure.

nimums appear when the resonance condition is fulfilled (Y:Yres,

P Preﬂ) .

The value of the energy gap 24 .in AF Cr alloys is known %
decrease with temperature. Since the value of the impurity level
energy is proportional to A /I/ and-the origin of the scale is V
teken in the middle of the gap then EI(T) curves should have the
analogous temperature dependences as A (T). The value of EFde&
creases with the increase of y and P. In case of X-<YreB and
P<P,,. the intersection of Ep,(T) and EI(T) will take place. Ac-
cording to (I) j?reB(T) has its maximum close to the intersec=
tion point, This is supposed to cause maximums in (T) curves
for alloys with y=0.3 and 0.45 at® V. Since jDreB(T) depends on
(B ~ Ep) (I) then if y5 ¥,44 OF P> Proos  fhog Should decrease

‘,'it;h temperature and if yc Ypgg OF P & Ppgg for T<Tmax’ Pres

t case is believed to be the reason of anomalous ye increase
th decreasing temperature for T <TN (curves 5,6, Fig.2) and in
sscond case~the reason of enomalous high 0O decrease for

The existence of the’ resistivity minimum in AF Cr-Fe alloys
sually explained in terms of the Kondo effect /3/. However,
is a number of experimental data that makes the validity

8 theory to AF Cr-Fe alloys very doubtful. We think that
appearance of minimums as well as other anomalies in the

) curves. of AF Cr-Fe alloys is due to IRS. Since the addition
s to Cr causes EF incresse , then by decreasing Fe concentra-
%CFG)'in Cr-Fo alloys relative to Cp.=2.7 at%, one cen achi-

should increase with temperature., Such Preg(T) dependence in th -
: the fulfilment of the resonance condition (EF—EO)~>O as in
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the case of application of pressure and addition of V. Enowing
the rate of the change in Ep per I at% Fe and I at® V /I/ it is
easy to estimate Fe concentration (CEe res*’I.} at% Fe) at which
this condition is fulfilled. As it has been pointed out the ful=
filment of the resonance condition results in Spin @Pbearance,
This statement is true for Cr-Fe alloys as well, because in the-~
se alloys A . 1s observed for Cpe™ Cpe reg /3/+ Besides, the
resistivity of Cr-~Fe alloys containing I and I.5 at% Fe exhibits
both a minimum and a maximum (Tmax< Tpnin)e The latter, according
to our idea, indicate that at T QTmax EF=E_. The reason of Pumin
disappearance in Cr-Fe alloys for Cpe? 1.6 ath Pe /3/ and the
anomalous high decrsase of with decreasing temperature for
T<8 K is easy to explain on the basis of the IRS model, because
this case (Cp,> Cp. ..o) according to this model is analogous to
the previously discussed (y<’yres or P« Pres)' The appearance 6Ff
these (T) anomalies has not been explained in terms of the
Kondo effect. Besides the appearance of Jomin in Cr-2.7 at% Fe
alloy with the addition of normal V impurity and on application
of pressure is rather difficult to explain on the basis of the
Kondo effect.

THE INFLUENCE OF PRESSURE ON THE ELECTRON EFFECTIVE
MASSES IN ZINC AKD CADMIUM

A.G.Budarin, V.A.Ventsel, A.V.Rudnev

The Institute of High Pressure Physics, USSR Academy of
Sciences, Troitsk, USSR "

The conducting electron effective masses in metals are the
important differential characteristics of the energy spectrum
which depend on the Fermi - liquid properties of quasi - partic-
lesi There are two experimental methods for measuring effective
masses: the Azbel’- Kaner cyclotron resonance /1/ and the de Haas ~
van'Alphen (dHvA) effect /2/. The cyclotron resonance measurements
démand  excellent surface conditions of the sample and precise mag-
netic field alignment to the sample surface. Both these conditi-
ons-are unattainable in a high pressure chamber. DHVA oscillati-
ons are a volume effect and may be measured under pressure. The
effective masses is found from oscillation amplitude dependence
oh'temperature. ) :

At pressures up to 10 kbar the effective mass may change
om:1410% and this puts severe restrictions to measurement pre-
on, By the apparatus in High Pressure Physics Institute (IFVD)
4/ effective masses can be measured with precision up to 1%
anks to the high precision of measuring and maintaing the tem-
perature and the magnetic field (0.1%) during the time of the ex-
éeriment. At high pressures a massive pressure vessel worsens the
perimental conditions, The solenoid producing the modulation
gnetic field can be placed in or out of the vessel. If this so~
noid is placed into the vessel the Joule heat increases the
mperature of the sample over the temperature of the helium bath
d the precision of the temperature determination is distorted.

e use -of superconductive solenoid of such small dimension is
mited by the critical fild and it cannot be winded because of

@ rigid superconductive wire. If the modulation solenoid is pla-
d'externally-on the vessel the Jouleheat is absorbed by the he-
m bath, but the sample can be heated by eddy currents, genera-
d in'the mass of the vessel and in the sample itself. Therefo-
 the measurements were conducted with modulation fregquency not
re than 33 Hz. Such low mcdulation frequency decreased the sig-
1 to noise ratio and the error in the effective masses determi-
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T6 increase the pressure hydrostaticity &t low temperatures;
the pentan - oil mixture 1:1 was used as pressure transmitting
medium, and the pressure vessel was cooled very slowly not more
than K/min at all temperature, Preliminary effective mass measu-
rements were made in the vessel at a pressure up to 1 kbar and the

Budarin A.G., Ventcel V.A., Voronov O.A., Rudnev A.V.
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Budarin A.G., Ventcel V.,A., Voronov 0.A., Rudnev A.V.,
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JETP, 1984, 86, p.778.
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measured effective masses coincided with those in precise measure-
ments without pressure /4/, R -
Pressure dependence of effective masses was measured for zinc
and cadmium, but the increase of measurementerrors in the pressure
vessel did not allow to set good results for those parts of Fermi
surface where the oscillation's frequency change under pressure is
small. These parts are the lens in the third Brillouin zone and
some monster cross sections in the second zone. For zinc the gre-
atest pressure coefficient is known for the needle and the monster
waist . For the waist cross section § -the frequency changes by
42107 kbar'1 and the effective mass may alsochange significantly.

*
It was found that %%EE = (9+4)-10_3kbar"1. In cadmium pressure

dependence of the effective mass for the pocket cross section o
in the first Brillouin zone was measured on a sample with the axis
lying in the (1120) plane and inclined by 50° to <0001> . It was
found that dlnmd /dp = —(6+4)- 10" 2kbar™ 1, the pressure dependence
of the frequency £, is dlnF, /dp = 10°10 ~3xbar~! /5/. The pressure
.dependence of the electron-phonon interaction coefficient A may
be found from the pressure dependence of effective masses on that
purpose the zone mass and its pressure dependence must be calcu-
lated with precision better than 1%.

The precise effective mass measurement under pressure led to
an interesting conclusion. The effective mass of the new Fermi sur-
face cross section, which appears in the cadmium monster at pres-
sures beyond 5-6 kbar /6/ may not coincide with the extreme effec-
tive mass, For the specific Fermi surface cross sections, like
monster cross section Qé in zinc, the extremal effective mass may
be not equal to the effective mass of the extremal cross section.
This was found by comparing the masses of lens and monster cross
sections p and @& in zinc, measured precisely by cyclotron reso-
nance and by dHvA effect.
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THE STUDY OF SUPERCONDUCTIVITY OF SULFUR UNDER STRESS
IN MAGNETIC FIELDS UP TO 15 T

G.N.Stepanov

Institute ot High Pressure Physics, USSR Academy of
Sciences, Troitsk, USSR

Abstract. . The temperature dependence of a resistance of the
compound system consisting of anvils layer of sulfur (A-~S5-A) was
investigated in magnetic fields up to 15 T. It was supposed that
superconductive transition of sulfur under stress was a reason of

low temperature resistance drop of A-S-A system. The maximum cri-
tical temperature Tc,m was~ 30 K if load to anvils was applied
at low temperatures. Tc,m was decreased to ~ 15 K in magnetic
field 15 T,

Introduction. Under pressure ~ 50 GPa sulfur transformed to
metal /1/., For a several years there has been some interest in

study of resistance of sulfur under high stress at low temperatu-
res. Accordingly to results reported in 1980 /2/ the critical tem-
perature of hypothetical superconductive transition of sulfur un-
der stress was ~ 30 K if the stress state of sulfur was created
at'low temperatures. The displacement of critical temperature in
magnetic fields is a tundamental property of superconductivity.
Earlier /2/ a resistance of A-S-A at low temperatures had been
investigated in magnetic fields to % T. The displacement of cri-
tical temperature was not enough, about 2-3 K,

0 20 1K 0 Q 20 1K

 Fig.2. Temperature

depend i
bétween anvils, pendence of potential differences

He T
8
0L

5t 3

Experimental procedure. High stress and deformation of sul-
fur was got by rounded cone (R~ 0.1 mm) and flat anvils manufac-
tured from synthetic polycrystalline diamond /3/. The current
was coming through network of conducting channels formed at dia-
momd synthesis and sample (Fig.1). The load was applied at room
temperature and at low temperature ~ 4 K by screw press. Magnetic
fields were generated by Bitter's solenoid.

1 "

0 w20 1k

Fig.3. HC(T) after generating of stresses in sulfur

1.~ at 300 K, 2 - at 4 K, 3 - at 4 K and aft
at 300 K in %he course o% 5 days., °r annealing

Results. Fig.2 shows dependence of potential differences bet-
ween anvils on temperatures at load 103 N, current 10 g4a, in
magnetic field up to 15 T, Critical temperature Tc,m was estimated
- with Ybeginning of transition® (Fig.2). The results presented on
Fig.2,a,were got after producing of stressed sulfur at room tem-
perature, Fig.2,b shows temperature dependence of potential dif-
ference after applying the load at ~ 4 K. After these last mea-
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surements the A-S-A system was kept at the same load at room-tem-

perature in the course of several days. This annealing had as re-

sult the reduction of TC o Fig.3 shows experimental information
L3

PRESSURE DEPENDENCE OF ELECTROPHYSICAI AND PHOTOELECTRI~
CAL InSb PARAMETERS :

_KiYu,Guga, V.K.Malyutenko, V.P.Kisliy

Institute of Semiconductors, Academy of Sciences of the
Ukrainian SSR, Kiev, USSR

processing.

Discussion. The working hypothesis using for interpretation
of low temperature resistance drop of A-S-A system is the super-

Y iti tress. This hypothesis gi-
conductive transition of sulfur under sir yp Investigations of the effect of pressure (5) on the Tnsh

hotoelectrical properties have been carried out only in the low
emperature range ( ~ 77 K) where the nonequlibrium processes in
ectron-hole plasma are characterized by Shockly-Read recombina-
. at defect levels. We present the results of the radiative
'd,Auger band~-to-band recombinations investigations in InSb un~
ler hydrostatic P at T=300 K for the first time. The dependence
carrier lifetime T on P by the steady-state photoconductivity
?thod in.crystals with different impurity concentrations (1020$

ves a chance to explain all experimental results. Namely, the in-
terval of values of Tc,d~l26*31 K, qualitative chara?ter of depen-
dence Tc,m(F) were reproduced using of different anyl}s{rcryostak
tes, low temperature presses. The large change of resistance of
A-S-A system in magnetic field was observed only at T<;Tc,m. Tc,m
was decreased in magnetic field,'Hc(O) was smaller for smaller
TC(O) (see Fig.3). Unusual behaviour of Tc(P) was discovered later
for phosphorous /4/. As it was observed for sulfur, Tc‘phosphorous
was increased about 100% if the pressure was generated at low temi
perature as compared with pressure generation at room temperature.
The study of S and P under pressure may be valuable for advantage

a‘“a$1°23 m_3) has been studied. The influence of P on the
' ~conductivity in crossed electric and magnetic fields (magne-~
concentration effect - MCE) including the negative differenti-
1 conductivity of N-type (N-NDC) at MCE has been studied also.
he experimental data were compared with the theoretical calcu-
tions of 7 made for both Auger-7,and radiative —2k recombina-
on processes. We have used the well~-known expressions for T

of high temperature superconductivity problem.
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phosphorous. Solid State Communs, 1985, 23, ’ ecreases-with increasing P. At the same time, the experimental

alues of Qfe doesn't agree with calculated effective 7‘ARn(z'K1+

(4

R')-1 (Fig.1) especially in crystals with large Na'NdZ’n1:2’1022

3. Neturally to suppose that the % decrease observed is due to
ppedrance of some additional channel of recombination. This is
ost probably due to Shockly-Read recombination, although under
tmospheric P the contribution of this recombination is negligib-
. Such a conclusion is confirmed by calculations of Z; = (Z'A_1
1)—1

s
R *TgR

. Here t‘SR is the lifetime of Shockley-Read recom-
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bination for onelevel model. At the same time, the general be=

haviour of ’C’e, TAR and ’%with increasing P agrees wﬁth well- , "
~known dependence of 7 on crystals "extrinsivity" PH’ : d 72/, 3 2:
1 \\\\
which ~  changed from 10’2110 at atmospheric P to 10”7 '410% at 6 v
Plaxe As a result, in semiconductors with extrinsic conductivity ™~ é E:;r /,2

the dependence o;tonP has a maximum which is defined by PH‘
Reduction in contribution of the nonlinear recombination

processes has been also observed in the investigation of N-NDC,

N-NDC and relative high frequency (HF) current oscillations at

MCE arise when the initial crystal conductivity is stimula- [)A 3
ted by the high mobility carriers (Un,>U p,, p-type) and the 5 P "

“ ——-Oﬁ‘—_._.__‘
transversal redistribution of carriers lead to appearance of de- l

5Tk o
TR 02 PP

Fig,1. Pressure dependence of electron hol i
! C - e pairs lifetim
Iop InSb crystals with different impurity cogcentration: °

j;ﬁf- éxperiment - Teq—I'-7"— calculation I'-S' - TkR'

el —~ - - )

6.7 =T (=N 1073 0,17, 8- 01py 2,2'- 3
] ) ]

- 5’b 5 l‘}l‘ - 20; 5;5 s 7 -35,

pletion and accumulation region and the current decreases in the

depleted region more rapidly than it increases in the accumula-

ted region /3/. The existence of N-NDC region is defined by the
: d

values of PH' S:. Uﬁ ,—rg. Here Si is the rate of surface re-

combination at the opposite crystal surface, Un and Up are the
mobilities of intrinsic carriers, d is the crystal thickness and
Ld is the diffusion length, It is important, that the larger PH
and Ld or the smaller d, the less the magnitude of the governing 1’ 3. Pressure d ‘

f%eld necessary toachieve N-NDC, It is found experimentally the ’ Ay %he e;d (2) :gsni::;ﬁu;i(§§szé?cti¥e fieids of threshold
increase under P the typical values of fields corresponding to ‘ t MCE rent oscillations by N-NDC
the threshold of HF current oscillations, their disappearance and '
maximum (Fig.2). That doesn't agree with the model of N-NDS de-
pendence on Py and fg— described in /3/ but is in a good agree-~
ment with the recomenation mechanisms, because the decrease of
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nonlinear recombination processes rate results in the shift of
the N-NDC region to the higher governing fields /4/.

The increase in sensitivity of current-voltage characteris-
tic (CVC) to the magnitude of magnetic field at MCE under carri-
er accumylation condition (CAC) may serve as an additional proof
of the reduction of nonlinear recombination rate. At CAC in InSb
at T~300 K and - atmospheric P the CVC is sublinear which is due
to the high Auger recombination rate /5/. Under P the CVC became
linear or even superlinear that are typical for the band-to-band
radiative and,Shockley-Read recombination respectively /6/. Thus,
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the results obtained give conclusive evidence of a possibility to
contrel the recombination mechanisms in narrow-gap semiconductors

such as InSb by changing the P applied.
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ELECTRONIC STATES OF IMPURITIES AND DEFECTS IN We used an octaband tight-binding hemiltonian for diamond /1/.

SYNTHETIC DIAMONDS he Img (€ ) and I (6 ) functions were calculated w1th the help

V.K.Bazhenov, A.G.Gontar, V.E.Gorbachev, D,L.Kardaghev
Odessa Institute of Marine Engineers, Odessa, USSR

of the random point selection from the irreducible part of Brillo-
lin's zone, and the Guilbert's conversion was applied to calculate

i 1 1 . .
The properties of an isolated vacancy in diamond are determi= the RegB(E ) and Regp(e') functions. These functions for diamond

ned by electrones on the broken bonds /1/. These electrones can are given in the Figure in the energy fields of the valence and for-
form bonds between the nearest atoms resulting in their local dis- 'd&en bands of a perfect crystal.
placements., Nevertheless the calculations of undistorted vacancies
are very important as they usually precede those of the diamond
lattice local distortions in the vicinity of an impurity or a de-

fect.

We - can see that the Reg1(e) zeros correspond to the energy of
2,6 and ~0,15 eV; and the Reg (€ ) zeros correspond to the ener-

gy of ~6,5 and 2,35 eV, According to eqn 3 that means the undis-
We use the full system of localized orbitals | mk> , where m

shows the orbital symmetry type and k defines the numbers of all
the atoms of a perfect crystal /2/. Gﬁﬁz(e ) Green's operator mat-
rix components of a crystal having an impurity or a defect meet
the requirements of Dyson's equatlon system

G'mm (e> gmm (€)+ Z gmm (€)- Umm‘” Gm " pry (E} (1)

,,y,, o

‘ted vacancy induces in diamond the a1—superdeep resonant state

it «22,6 eV; the a,~ and ty-resonant states at -0.15 eV and -6.5;

and the t2~bound state at 2,35 eV.

Now we can consider the ngz constituent (eqn 2) if we assu-

¢ that minime and maxime of the ideal diamond energy bands are

where &mm.(e ) are the Green operator matrix components of a per- in the centre of Brillouin's zone. Then according to Luttinger

fect crystal, Ukk, are the matrix components of a vacancy or a de- deohn /4/ the following system of equations for fn(E) envelope

fect potentinl, €:F+i0” , and E is the electronic energy.

" Let us assume that a vacancy in a diamond is formed by the
k= 1 atom removal. Then the vacancy potential matrix can be consti=
tuted of the components:

U;;’:Cs\u /"d\x'l Uf:v:n'* /I'd\m d‘/t’l‘U:r:n’*W/;;v'f (2)
b4

where S/k1 ig the Cronecker symbol and the two first constituents

unctions can be obtained:

"(Zm‘E” )}”(.) Z‘[ Pnn P+U"‘"(r)].7(n(‘) g, (4)

ﬁre'f = «h7 is the 1mpulse operator; m is the mass of a free
ectrone; En is the energy of an electrone in the semiconductor

and in the centre of Brillouin's zone; ﬁhn' =(I&JEnUn,) ; and

‘15 'Bloch's wave function in the centre of Brillouin's zone.
describe the semiconductor bicentered exitations caused by & vacan
cy. ) . l» $

Taking into consideration the orthonormality of the local or-

ﬁg: constituent (eqn 2) for the time

The states of upper valence bands having degeneracy points

the centre of Brillouin's zone make the dominating contributi-
to the electronic states of shallow acceptors in diamornd /1/.
agsume here that upver bands contribution can be allowed for
b the help of a single fv(f) envelope. As the electronic state
gies of the shallow acceptors E = E,, all the other envelopes

bital system and neglecting W

- being, one can easily obtain

: Iy Jor S G Gat
Gmrn‘(€)=9f::1’<€)+ d\mm = (” 'Z il - - (3 e expressed in the form of
e-ef m’ gmu(€)
> =-[r g+ G (r) )] F) (5)
We see that the bound and resonant state spectrum of an undistort- _ me En-Eo- fv ( '
ed vacancy in diamond 1s determined by zeros of Green's local fun- & we obtain the equation for the fv(f) envelope from (4):
ction g 1(e).The levels with e n-energies belong to & removed atom. “
162 163




_crystal, The stronger corrugation of the hole isoenergetic surfa-
bes as well as strounger locel lattice distortions in the viecinity

of impurities are characteristic of diamond in comparison with si-
licom,

_Qz
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where d.p

[Z Civ)Dap (-i9p)+V(P)]4, (7)= (E-E)fe (7)), (®

_h Ao
D‘P- _2—;; d\dP‘*nZ (EV'Eﬂ)f'n‘f /‘.‘,n ’ (7)

V(")=U,,‘,(r)+Z[r,,,,-V+—EU"—’_’(Ef—)]U,,,,(r). (8)
Equation 6 coinciggs with a sté;dard effective mass equation

with the corresponding V(%) potential type /4/.
.Replacing (5) with the more exact reletion we have

o0 [= = Une(7) -
j"n(")"?(")'["nv'v* E:Y(E" ]fu'(r'>7 9
where ¥ (%) is not equal to 1 for small distances only. Instead of

(7) and (8) we obtain:
: 2

Dip® om Gip * Y(F)Z (Ev-En) Con Ty (10)
and . "

~ —— ‘ - -~ Un-) -

V(r)=Uw(r)*9(F)%b'vn'v+'#_(E,.;]Urw(r>' an

In this case the effective mass of a charge carrier in a ki-
netic energy operator is the function of a space coordinate. It ig
only natural to choose the $(¥) sc that V(#) should correspond to
V() from the effective mass equation /4/. The solution obtained
is the sensitive function of the short-range constituents of the
impurity potential and of the electronic structure of an ideal
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INVESTIGATION OF THE PHASE TRANSFORMATIONS OF THE RARE-
~EARTH METALS La, Pr AND Nd AT HYDROSTATIC PRESSURES UP

TO 9 GPa AND TEMPERATURES UP TO 800 K, THERMOPOWER AND
ELECTRORESISTANCE

N.A.Nikolaev

L.F.Vereshchagin Institute of High Pressure Physics
Troitsk, USSR )

Introduction

AFor trivalent rare-earth metals from La +to Lu the semiem-
pirical generalized P-T phase diagram was constructed in /I/, In
the lanthanides the crydtal structures of the metals are varied
in the sequence: hep—» Sm~type —» dhcp —» fcc with increasing
pressure or reducing an atomic number of the series.It is estab-
lished that the sequence is caused by s ~» d electronic transition
/2,3/. In /4/ it had been given the theoretic justification sbout
a possible occurence of a critical point at s — d transition in 'igsI. Hydrostatic pressure dependences of the absolu -
thﬁ metals at isomorphologicalptransition. So far in the me- ‘ 'ﬁ%ﬁiﬁcﬁgzsing gak T:gz :ﬁé ge- pr, T=27 ©C, ¢ - Nd, ng7?geggo

a1 : v &y creasing e,4 , ® pressure .
tals of period only Ce was found to have the critical point on the Desh . line ~ partial cycling of the transformation in Pr.
P-T plene at the electronic Yy — o transformation /57

On the generalized phase diagram /I/ La, Pr and Nd take up
a8 limiting right position. From a linear extrapolation of the
dhep-fece phase boundary for La one can expect that on the tempera=
ture axis Pr and Nd will be undergone the phase transition accar=
dingly at 560 and 690 °C /I/. However the fcc phase of Pr or N4 is
not exist at the barometric pressure /6/.

To study the P-T diagrams and a features of the phase tran-
sitions of'La, Pr and Nd we have measured the electroresistance
and the thermopower of the metals. It was investigated the modifi-
cation of the phase transition hysteresis with the temperature and '
pressure. The background results were presented in /7,8/.

V/K, S§d=—5.0 MV/K. The circumstance carries evidence to
lectronic nature of the transformation when the occupancy of

he d<like electron state determines the crystal structure /3/

nd gives a positive partial contribution to the thermopower of
he metals.

On the dependences of the kinetic coefficients (Fig.I,Fig I
7/) at the fcc-dist.fcc phase transition in La and Pr the thermo-

ower of the metals reveals a very small anomaly compared with

he electroresistance. The results can not validate the expec~-

gtion on electron-topological character of the transition or the
~d electronic transition, The coming into being of the softing
ode ‘dominantly effected on a scattering process of the s-like

chtrons may explain the changes of the kinetic coefficients
the- transition in question, .

Results and discussion

The behaviour of the kinetic coefficients of La, Pr and Nd
is found to be like, Fig.I shows the hydrostatic pressure depen-
dence of the thermopower of the metals at about room temperature,
The transitions from dhcp phase to the high pressure phase occur

"in the row la, Pr and Nd at pressures of 2.05, 4,0 and 7.0 GPa.
These values correlate with the initial magnitudes (its differen

cea) of the thermopower of the metals - Sga:1.9 /uV/K, Sgr =~l,45
166 )

The fact of common analogy between the kinetic coefficiets
iLa, Pr and Nd under pressure, i.s8., a pronounced elevation of
1ormopower and a drop of electroresistance at the dhep ~= fee
ise transition, a swmall variations in thermopower at the fco—
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Figi3. The phase diagrams of La, Pr and Nd with the dhep-fcc
transformation, Thin lines correspond to the beginning of the
experimentally observed transitions, Dash lines sre hypotheti~
cal lines of the phase transitions.

PBPg ——

Fig.2. P-T diagram of phase transitions in Nd under hydrostatic
pressure: A and 4 (or A end ¥ ) - locations of direct and re~
verse transitions respectively at increasing and decreasing
pressure (or temperature). Transitions in extent are recorded

. by sections. Fragment of hypothetical equilibrium P-T diagram

the indicated type feature may - . lie at negative pressures for
is shown,

_Lay In spite of the essential difference between phgse transfor-
mations under pressure in Pr, Nd and Ce the electronic character
of the transitions may '~ unite the observed phenomena at high
temperatures.,

dist.fcc transition, a closeness of the thermopower of the me-
tals in the high pressure phases, testifies to the absence of 4f-
—-electrons influsence on the transport phenomena in Pr snd Nd at !
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HIGH PRESSURE SUPERCONDUCTING PHASE OF TITANIUM HYDRIDES:
ELASTIC AND INELASTIC NEUTRON SCATTERING .
pectrum obtained exhibit in addition to the & -phase peaks also

he § -phase lines (20%) for TiH, (x=0.81 and 0.86) and the § -
shase 1ines (10%) for TiDy gg. The analysis of the & -phase ref-
lex intensitlies shows that the hydrogen (deuterium) occupies
mostly the O-sites of the metal lattice. ‘

A rather large metal hydrogen distance for the O-sites of

& -phase (Rye H’2 .15 & and 2.01 &) as compared with that in the
T-sites (1.88 R for & ~-phase ‘and 1.91 R for ¥ -phase) gives rise
to pptical low-frequency modes 001 in the INS spectra of the & -
phase, Fig.1 illustratesthe functions of weighted density of vib-
rational states, GH(u>), /7/ for £ -phase in Tin(Dx) which were
obtained in one-phonon approximation, The second peak u)z is cau-
sed by the vibrations of H(D) in the T-sites as well as by the
rocesses of two-phonon and multiple scattering of neutrons on
the UJ1-mode and by the contributions of the second harmonic of
this vibration (since a)zzrz.nd1). In the case of two-phase samp-
es £ +(6 ory } the contribution to the intensity of this peak
15 made by hydrogen vibrations in the T-sites of the second phase,
It should be noted that the halfwidth of the al1—peaks

, (A.‘ﬁuo meV) is rather large (the spectrometer resolution in the
_region of H(D) vibrations in O-sites is about 6 meV; in T-sites
_about 17 meV). This is indicative of a strong dispersion of H(D)
vibrations in the O-sites. Moreover, the stresses and distortions
n - the lattice produced by quehching should lead to extra broade-
ning of local modes. The results obtained for the £ -phases of
titanium hydride are similar to those obtained for other super-
éonducting hydrides. Low-energy optical vibrations of hydrogen
toms with a considerable dispersion are observed in these systems.
In the GH(uJ) plots of nonsuperconducting 4§ and (d+d’)—pha-
ses of titanium hydride (see Fig.2) the peaks are conditioned by
the'H(D) vibrations only in the T-positions (the first, second,
tc. harmonics). It is seen that the energy LO in the 8 -phases
s higher than in the (¢ +) )-phases approximately by 7 meV for
:TiH and by 2 meV for TiD (it will be recalled that Rﬁe H RMe—H)
The halfwidth of the first peak of the (o(+{ )-phase in TiHy o4
is much larger than that in the d —phase. This points to the fact
_that the dispersion of local modes in the y -phase (which is ri-
cher in hydrogen) is higher due to the increased H-H interaction.
Our results show that hydrogen predominantly occupies the
O-sites at the titanium hydride transition to the superconducting
& -phase, and the phonon spectra exhibit a local low-energy mode
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Recently a number of metastable phases of metal hydrides
(Ti-H; Zr-H; Hf-H, etc.) have been produced by quenching under
pressure up to 60 kbar /1/ or low-temperature hydrogen implanta-
tion /2/, which have, like stable PdH, and Th,H,g hydrides, a hi=
gher transition temperature (T ) 1nto superconducting state com~
pared to the starting metals. Phonon spectra of superconducting
hydrides have been measured only for PdH, /2/ and Th Hqg /3/.

The first results on the study of the hydrogen local modes in the
metastable superconducting & -phase of TiHO.71 have been publi-
shed in /4/. The present paper is a further step in the investi-
gation of the phonon spectra of Tin (x=0.71; 0.81 and 0.86) and
TiD, (x=0.72 and 0.86) attempted with the purpose to elucidate
he effects of isotopic substitution D— H as well as x-concent-
rations on the phonon spectra (as to the production of hydrides,
see Ref./1/). )

It is found /5/ that the & -phase of the hydrides studied
is a superconductor, -with the inverse isotope effect taking pla~
ce for T_ (1 T Mas.3 k<n T D=5 0 K). For Ti, T =0.4 K, the
superconductivity of «, ), J 5\ and {J phases of titanium
hydride has not been observed down tc 1.2 K. The & -phase of
Ti-H(D) was obtained by gquenching under 60 kbar /1/. After hea-
ting the € -phase to T>110 K the latter transformed into the
Si—phase (FCT structure), Subsequent annealing for 5 hs at T=440 K
resulted in the transition to the (« +y )-phase (HCP and FCC stru-~
ctures, respectively).

Neutron scattering experiments were performed at the Joint
Institute for Nuclear Research (Dubna) using the KDS0G-M spectro-
meter /6/ installed at the IBR-2 reactor. The diffraction and
jnelastic neutron scattering {INS) spectra were measured simulta-
neously by the time of flight technique.

1t follows from the diffraction spectra that the & -phase
lattice for all Ti-H(D) samples is-close to the FCT with the pa-
rameters a=4,29 X and c=4,02 X (c/a=0.937). The elastic neutron
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with high dispersion. When hydrogen occupies only the T-sites,
no superconductivity is observed in Ti-H.

PRESSURE EFFECT ON CONDUCTIVITY OF ORGANIC CONDUCTOR
(BMDT-TTF)-I
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Low dimensional organic compounds exhibit extremely wide
variety of electrophysical properties including metallic and se-
micbnducting as well as superconducting and recently discovered
(in (]3131)'1‘-T’I‘F)AgL812.9 /1/) superionic features. Hydrostatic
pressure can substantially change the properties of these compo=
unds, It also can affect the phase transitions in these crystals
and elucidate the nature of the phase states.

In the present paper we have investigated single crystals
of  (BMDT-TTF)-I (iodid of bis(methylenédithio)tetrathiafulﬁale-
~_ne), cbtained by electrochemical oxidation of BMDI-TTF in nitro-
_banzene in the presence of (n—Bu4N)I3 as supporting electrolyte.
The temperature dependence of resistivity of the samples
studied at Ambient pressure is of metallic type in 300-J00 K ran-
e the R OO/RIOO K being approximately equal to 2 (Fig.I, cur-
ve I). Below I00 K R(T) curve is of insulator type with activa-
_ tion energy of conductiv1ty E X170 K, :
Hall effect studies at room temperatures have shown p~type
conductivity (the temperature dependence of Hall-factor RH at
E=1 bar and B=5 T is shown at Fig.2, curve 3), the Hall mobility
énd carrier density being sy 20.5 cm v 15T ana P xIOaIcm-B, re-
pectively. The p~type conductivity was also confirmed by thermo-
p0wer measurement at room temperatures. '

With the lowering of T the type of major carriers changes:
slectrons replace the holes at T« ICO K, With the lowering of T
in the temperature region below IO0 K the carriers concentration
éssentially decreases with the activation energy 230 K; this va-
lue is somewhat larger than the activation energy of conductivity
in this temperature region.

High pressure studies were performed in pressure bomb of
clamp-cell type with a help of silicon oil. -

The hydrostatic pressure (up to 8 kbar) causes the increase
f (BMDT-TTF)-I conductivity, -~ under room temperature

3[G(P)/& (P=I bar)] /3 Pz +I5 % kbar. This value is a typical ons
for synthetic metals. Besides, as evidenced by Fig.I, the incre-
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36 of the pressure leads to substantial decrease of metal—to-
nsulator transition temperature, Tyy» the a[TMI(P)/ThI(P=Ihnﬂ
D% <12 %/kbar and causes substantial decrease of conductivity.
ivation energy to I40 K at & kbar, Note, that R(T) curve is
anged under the pressure in the vicinity of metal-insulator -
iransition. The rate of resistivity decrease in the temperature
ange 20 K« T« 70 K incresses with lowering T at P=6 kbar while
: decreases in the appropriate part of the R(T) curve at P=I bar,
The obtained change of conductivity type may be caused by
omplicated electronic spectrum of material under investigation.
‘ complicated form of the Fermi-surface may facilitate nest—
ing./z/ in some parts of this surface which usually yields the
eierls instability causing the charge density wave (Cow). Hyd-
tati¢ pressure can vary the commensurability of initial and
lLstorted lattices in such systeme and cause transitions of com-
onsurate CDW - incommensurate SDW type. Besides the lowering of
the metal=insulator (semiconductor) transition temperature the
sssurization can cause the abrupt increase of conductivity be~
ore the transition /3,4/, Probably such mechanism is responsible
or observed peculiarity of R(T) dependence at P=6 kbar,

6 khar.
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all~factor (3 -
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hardened BeCu 25, can be operated in the temperature range from
I.5 to 300 K with a maximum force of 30 kN on the diamonds. For
rapid cooling, a liquid nitrogen or helium flow system is atta-
ched to the cell. The whole is placed inside an optical helium
bath cryostat. During the experimental run pressure can be deter-
_mined in situ at all temperatures with the aid of the ruby fluo-
rescence method /5/. Fig.I shows the geometry of the sample space.
Bacause of the four electrical leads connected to the electrodes,
the brass gasket and isolated from it a second thin brass foil,

only the contact between sample and brass (<« I Ohm) adds to the
resistance of the sample.

PRESSURE DEFENDENCE CF THE Tc OF HIGH TEMPERATURE SUPER-
CONDUCTORS

A.DriessenI, R.GriessenI, H.HemmesI, N.KoemanI,
J.RectorI, P.H.Ke52

INatuﬁrkundig Laboratorium der Vrije Universiteit,
De Boelelaan I08I, I08I NV Amsterdanm, the Netherlands

2Kamerlingh Onnes Laboratory, University of Leiden,
P.0.Box 9606, 2300 RA Leiden, the Netherlands

Abstract Fig.2 shows the result of applying a pressure of I57 kbar

on LaI,BSrO.ZCUOQ' which at zero pressurs has a superconducting

The pressure dependence of the transition temperature of Io€ -
transition at 36 K. The curve exhibits no superconducting behavi-~

high temperature superconductors has been measured in the diamond
anvil cell using a resistometric method. Our measurements on
YIBaECu307 up to I?0 kbar reveal only a small pressure effect in
agreement with data in literature at lower pressure. A compari-
son is made with literature data on the M-La-Cu-0 system (M=Ba,
sr), which has a strong pressure dependence. The phase diagram
of Chakraverty for Tc as a function of the electron-phonon cou-
pling parameter is used for a qualitative explanation of the ob-
served pressure effects.

_or.down to I.8 K, but instead a strong, reproducible increase of

j the resistance at low temperature. Similar behavior ié often foumd

’ in-this class of materials, which Bednorz et al./6/ interpret as

_ the.onset to a localization transition. AS there are no data po-~

ints in the intermediate pressure range, we can draw no further

’conclusions about this qualitative change of the resistance curve
at high pressure. With this measurement, however, the reliabiiity
of the resistance measurements in the gasket geometry as shown in

Fig.I is demonstrated.

Introduction . In a second experiment we studied YIBaECu507, which was pre-
‘rared by standard sclid state reaction. In the experiment with
the same gasket configuration as before we were able to follow
the -transition temperature up to I70 kbar. In agreement with the
data of Hor et al./3/, only a weak pressure dependence could be
detected /7/.

In general high pressure is considered as an important pa-
rameter in the study of the new class of high TC superconducting
ceramic materials. Already in some of the first papers on the
Ba-La-Cu-0 system pressure was used to increase the transition
temperature /I,2/. But in coatrast to this a later study on Y-Ba=
Cu-0 showed nearly no pressure dependence of T /3/. For this
alloy the application of pressure seems - to be not the way to get
drastically snhenced Tc. But on the othar hand, pressure should
be an important experimental parsmeter, which can probably bring
more insight in the mechanism of superconductivity in this class
of materisls, or at least, c»ould exclude somo currently available
theoretical models. We therefore decided to do high preesure stu~
dies of the ceramic superconductors in our dismond anvil cell,

which was originally designed Tor the measurement of superconduct=
ing properties of metal hydrides /4/. -

~Discussion

’ In order to clarify, whether the observed pressure effects,
strong pressure dependence in the La~-Cu-~0 based alloys and near-
ly vanishing effects .n the Y~-Ba-Cu-0 class of materials, are re-~
_al'physical effects, we give in Table a summary of all availabie
data for ch/dp. With the relation:

d(InT;) B 4T,

a(lnv} T, dp

Experiment )
&and ‘the bulk modulus B=I1.7 Mbar, taken from Salomons et al., /Is/,
Our dismond anvil cell, which is nearly completely made from
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In ref./20/ the consequence of the cbserved pressure ef-
fects for some theoretical models for the superconducting mecha-
nism are discussed. We will not repeat this discussion, instead
we try to find a possible explanation on the basis of a phase di-
_agram for superconductors as proposed by Chakraverty /2I/, (Figh).
In this disgram, Tc is given as a function of the electron-phanon
coupling parameter A . For small A one has the standard BCS su-
perconductivity with:

we can determine the volume ‘derivative of Tc' which is the quanw
tity needed for theoretical considerations. Fig.? gives this va-
lue as a function of Tc‘ The La based alloys, with exception of
pure LaZCuou, follow one curve and show in general a strong pres-
sure dependence.The Y-Ba-Cu~0 class of superconductors, all with
a Tc eround 90 K, show a very weak pressure dependence with only
a slight scatter around zero. The pressure measurements sre also
in sgreement with "chemical pressure" data, i.e. changes of Tc by
substituting part of the constituents with atoms of different ato-
mic radius. The La based alloys are very sensitive to it /17,187,
whereas the Y-Ba-Cu~0 class shows nearly no effect /I9/. The ower-
all agreement of all data give evidence for dealing with a real
physical effect.

I
T, ~ exp( = L)

end for large A the bipolaronic superconductor, which with even
‘more increase in A transforms to a bipolaronic insulator. Ne-
vertheless the lack of knowledge about the exact nature of the
superconducting mechanism in between, there is a continuous tran-
sition from one reglon to the other (see Nasu /22/), which should
exhibit at least one maximum. At this maximum predicts Chakraver—

Pressure and volume dependence of the onset temperature Tco‘
The pressure range for each experiment is indicated in the co-
lum P, The symbols are used in Fig.3

Sample T, df./dp (AT /dnVf P P Sym-|[Ref, ty /21/ a metal-insulator transition for temperatures higher than
P (K) (K/kbar) (kbar) bol T.+ This could explain the experimental observation that the
Lag gBag,Culs _ 32 0.64 =34 0-13 A /1/ highest T, values for oxides occur near a metal-insulator trane
Lay_ gcBag 1:CU0 352 03I  -I5  0-I9  + /8/ sition /2/. ’
0.85°20, 15" =y ) ’ We tentatively suggest the position of thes two classes of
Lag, g55T, 15Cu0, 36 0.28 =1%.2 05 x /9 _ superconducting alloys as indicated in Fig.4, Changing ) , by real
Lap, gSry oCu0, 37 0.26 -I1.9 0-6 o /I0/ or chemical pressure, will have a strong influence on La-Ba-Cu~0,
L . . . cﬁou 39 0.82 -35.7  0-I7 A /2/ but only a very weak one in the case of Y~Ba-Cu-0, in agreement
“1.87°0.2 =y . 8 with the experimental results, Also the diminishing pressure de-
Lay gS7q,50u0, 3%.2 0.18 7. 0-12 o /I0/ pendence with rising T, (Fig.3), can qualitatively be explained
LayCu0, 40 I 42,5 0-I0 v /1y/ 5T approaching the flat region by varying A with pressure. It
La Bsr CﬁO 50 0 : 6] 2042 ° /10/ 18 interesting to note that Yomo et al./I0/ find a saturation be-
1.8770.2" -y ) o __havior in the pressure dependence of LaLBSrOoaCuO4 at pressures
13520“307 . <0.12 ‘ > =203 0-17 o /12/ above 20-kbar, which could be interpreted as A having reached
Yo,4880 GChOB y 90 <%o.12 >2,3 I-8 8 s3/ the position of the maximum in Fig.4. A similar saturation beha-
!I;aZCu;O7 91 0,043 -0,8 0-1I70 u /7/ vior at high pressure was already found for the same material by
Chu et al./2/.
20_3253%.675(:1;02'3 92.2 0.17 ~3.T 0-I0 B /s . v
Tg,3588, 650105 3 93 0.1 -1.8 0-10 o /1a/ Conclusion
YI 2Bao BCuO“_ 93 0.043 ~0.8 0-19 ® /3/ As conclusion we can says
' ' v ’ The observed pressure effects on T, msasured by several groups
I P
Y, 4Bay Cuo 93,2 0.045  -0.8 0-120 s /I5/ ' : t
0.4770.6 J on different samplss are ia good agreement.
!0.425B80.575cu02u5 93.5 0,09 ~1.6 0-10 & /1a/ 2. Purther experimental data as & function of pressure,especially
in- the region where sffectsnonlinear in pressure could be expected,
180
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are desirable Por developping theories sbout the mechanism of
the high Tc superconductivity.
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ELECTRON SPECTRUM SINGULARITIES IN SUPERCONDUCTION
CHARACTERISTICS OF UNORDERED SYSTEMS UNDER PRESSURE
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. As indicated in the early paper by Makarov and Bar'yakhtar
_/1/, a study of the superconducting transition temperature (Tc)

of alloys under pressure makes it possible to determine singular
points (EC) in the electron spectrum of a metal. These singular
points are indicated by an extremum in TC/Q(P, C at.%).

It is known that the Fermi energy (EF) variation of the metal
under the action of impurities and pressure can cause the elect-
ron transition if & g reaches the EC value, At the transition
point the density of electron states has the singularity &V (€ )~

50)1/2. This singularity shows up as a nonlinearity in kine-
~tic and thermodynamic characteristics of =z metal or alloy, while

)TC/J(P,C %) and the thermopower « (P,C %), being proportional to
‘the derivative 3V (£)/3£(€), give extreme points,
Transition metals and alloys with a complex electronic struc-
ture are known to have some peculiar physical properties, -2 49
the al%oys of some transition metals have high Tc values, To elu-
cidate the nature of these high transition temperatures, it is of
importance to study the singularities of the electron spectrum of
transition metal alloys. One of these alloys is Mo-Re, which has
@ wide range of the solid solution with the bcc lattice (up to

~ 30 at. %). The Mo lattice constant changes insignificantly with
the addition of Re, .
We have investigated T (C at.%) and 3 T./3P(C %) in alloys
of Mo-Re, Mo-Re-Nb, The results obtained are 1llustrated in the
figure) The Re addition has been found to cause ‘the growth of
ch from 0.9 K for pure Mo up to -~ 10 K for Mo-Re 26 at.% (see
~the figure). The derivative Q'YC/QP(C %) has an extremum for ~ 11
at.% Re, this corresponding to Ne = 6.11 outer electrons/atom
(curve 1). The anomaly observed in ch/aP(C %) correlates with
a-nonlinear growth of TC(C %) and of the electron specific heat

/2/, with the anomalous thermopower /3/, etc. for the same Re con-
centrations.
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The singularities observed can be related to the appearance
of new electron groups of the Fermi surface as soon as the Fermi
187
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energy reaches & ¢+ According to the available theoretical cal-
culations of the electron spectrum for Mo, at an energy ~ 0.2 eV
above & F there is a critical point Ec in the NH direction of
the Brillouin zone, The addition of Re causes the & F increase
and at ~ 10-11 at.% Re the Fermi energy reaches the value corres-—
ponding to the bottom of a new zone, which results in the elect-
ron transition. It follows from the experiments that & F éc
amounts up to ~ 0.15 eV /3/,

The investigation of ternary Mo-Re-Nb alloys based on the
alloys of Mo-Re with a variable Nb content has indicated the rela-
tion between the high TC values of Mo-Re and the electron tran-
sition. i

We have investigated the ternary alloys using the alloys of
Mo-Re ~ 17 at.¥ and Mo-Re ~ 27 at.¥ as a base., In the Mo-Re alloys
with impurities exceeding~ 10 at.% the Fermi energy is above the

“eritical one ( fc), at which a new electron group can arise, The
addition of Nb to such alloys reduces é‘F and leads to the dis-
appearance of the new electron groups of the Fermi surface, This
corresponds to the extremum in ;)TC/JP(C at.% Nb) in the Mo-Re-Nb

systems for Ne~ 6,1 outer el./at. (this electron concentration
corresponds to Mo-Re ~17 at.%-Nb 7 at.%, curve 2)., The supercon-
ducting transition temperature in the Mo-Re-Nb alloys nonlinearly
decreases as Nb is added, closely following the TC(C at,%) varia-
tion for Mo-Re in the backward direction (lower curve, clear po-
ints). This correlation of the TC(C at.%) variation with the exte
remums in TCAQP(C %) of the Mo-Re, Mo-Re~Nb alloys gives an ex-
perimental evidence of the connection between changes in T, and
the electron transitions., It is of interest to note that the ext-
remum in the alloys of Mo-Re, Mo-Re-Nb occurs for one and the sa-
me concentration but different residual resistivities, At the ext-
reme point of QTC/QP(Ne outer el./at,) the residual resistivity
was found to be P, =0.39 for Mo-Re and f, =0.88 for Mo-Re-Nb (pP=
Rb.2K/R300K—R4.2K)° This enables one to estimate the effect of
the processes of scattering on the electron-topological transi-
tion. The amplitude of the anomaly in Mo-Re-~Nb decreases by a
factor of ~ 1.4, which is due to the decrease of the guasi-par-
ticle lifetime‘Tffﬂﬁ“ in scattering by impurities. The results
presented above show that the ratio of the anomaly amp}}tudes of
ternary alloys varies as ~ lé'vv%%s

binary alloys to those of :
This indicates that the scattering processes in the electron-topo-

logical transition manifest themselves similarly both in the super

conduciting and normal characteristics of the alloys,
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NITROGEN AT VERY HIGH PRESSURE : :
' to 34 GPa show that the spacings between vibrational levels of

N2 are constant within the uncertainties of the experimental da-

_ta, close to gas-phase values and that excited vibrational states
are populated in £ 50 ns, an upper-bound on the vibrational equi-
Iibration time consistent with the ns discussed above /9/.

W.d.Nellis
Lawrence Livermore National Laboratory, P.0. Box 808,
Livermore, California 94550, USA

Abstract 2. Shock-Induced Dissociation

High-pressure results for nitrogen are reviewed and discus-

Nitrogen undergoes a continuous, dissociative phase transi-
sed in terms of phenomena that occur at extreme conditions,

tion in the fluid state above 30 GPa, 2 g/cmﬁ, and 7000 K, based
on several experimental observations. The comparison of the shock-
. «compression curves for liquid N2, isoelectronic CO, and theory
for the molecular fluid phase of each suggested dissociation as
the mechanism causing deviations from the molecular-phase Hugo-
niot of N2 above 30 GPa /I0/.-Dissociation is a logical phenome-
na by which dense molecular nitrogen could respond to high den-
-sity and temperature, By taking the radial positions of the ze-
ros in the repulsive pair potentials for the N2 - N2 /5/ and
N. - N /II/ interactions as an estimate of the effective hard-
-gphere diameters in the dense fluid, a significant volums decre-
ase is obtained for two N atoms relative one N2 molecule, The
densites at which the phase transition is observed are close to
where theory suggests that monatomic solid nitrogen might be me-
tastable at O K'/IZ/. High temperatures can drive this transition
~to the monatomic state in the shock experiments.
: Double-shock equation-of-state data lie above the principal
Hugoniot /I0/ and show that (JE/@ P)v< 0 in the phase transition
region. These data are shown as the symbols with error bars in
Fig.I. The average Grllneisen parameter Y =V(2P/9E)v, calculated
using the principal Hugoniot and the double-—shock equation-of-sta-
te-data, is plotted vs molar volume in Fig.2. The negative Y ‘s
are indicative of a phase transition, which occurs in a relatively
‘narrow range of volume near II cm”’/mol (VO:BS cmi/mol)°
The fact that (AE/QP)V;<O predicted that Q;T/QP)V'CO /10/.
Double~shock temperature experiments verified this prediction,
provided evidence for crossing isotherms, and most remarkably
showed shock-induced cooling, as illustrated in Fig.? /8/. Shock~
~induced.cooling indicates that so much internal energy is sbsor-
_bed in the phase transition at the higher pressure and density of
the double-shock state that the temperature of the double-shock
state is actually lower than that of the first-shock state.
The electrical conductivity, plotted in Fig.4, rises rapidly

~with pressure between 19 and 27 GPa (4000-7000 K) and increases
199

I. Bhocked Molecular Phase

Nitrogen is one of the most thoroughly investigated materi-
als at high pressure because of its importance to condensed mat-
ter physics, planetary science, and chemical explosives.

Equation-of-state data have been measured in the molecular
fluid phase by the shock compression of liquid nitrogen /I-4/.
The molecular range extends up to about 30 GPa on the principal
Hugoniot shown in Fig.I. These pressure-volume data and data for
other small molecules were successfully explained by a theory
which scales the spherically-symmetric exponential-six pair po-
tential of Ar by critical-point parameters, assumes rotational
degrees of freedom are fully excited, and assumes that molecular
vibrational levels are equally spaced in energy, as in the gas
phase, and populated according to a Maxwell-Boltzmann distribu-
tion /5/. This theory calculates a pressure-volume (P-V) curve in
excellent agreement with the shock data up to about 30 GPa and
7000 K /5/ and provides evidence that the N2 molecule persists to
these extreme conditions. The excellent agreement also means that
molecular vibrational equilibrium is acghieved in a time of ~ I ns,
the time resolution of the shock velocity measurement of the [c e ST
tion-of-state experiments, If vibrational equilibrium were not
-achieved on an ns time scale, then relastively more internal shock—
—compression energy would be distributed into thermal energy and
the measured shock-compression P~V curve- would be stiffer than
observed /5/. The relaxation time for energy transfer from trans-
lational to vibrational degrees of freedom was calculated recently
to be ~ 0.5 ns for fluid N, gt conditions comparable to 30 GPa
shock pressure /6/. The scaled theory /5/ also calculates shock
‘temperatures in good agreement with experimental data /7,8/. Re-
cent pulsed coherent anti-stokes Raman scattering (CARS) spectra
for liquid Np single-shocked up to 16 GPa and double-shocked up
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atoms, which is consistent with the picture that the conductivity
ig dominated by electrons ionized from dissociated N atoms,

Effective dissociation energies and rates in dense fluid N
 have recently been estimated /8,13/, These results show that the
effective dissociation energy decreases with increasing pressure
and density and that the order of magnitude of the reaction time
_ for dissociation decreases with pressure, approaching the time
regolution of the shqek,expériments and reaching a few percent at
the pressurés where the effects of dissociation are observed in
the experimental data. ) B

more slowly between 34 and 61 GPa (8000-I200C X) /8(. E?ectrogém
are probably the dominant carriers by virtue of their high :o i
1ity relative to ions. The high densities and t?mperaturesf ug
gest that electron scattering probably occurs with a mean-free
path of the order of a molecular diameter over the entire range
of the déta. Above 30 GPa, where substantial amounté of dissoci-
ation occurs, electrons are probably ionized primarily from N
atoms. The excited electronic states of the N atom are at signi-
ficantly lower energies than for the N, molacule. At the high.
densities achieved,these levels would be expected to ?roaden into
bands with the monatomic states lower than the diatomic ones. The
calculated fraction of dissociated N2 molecules /8/ is also plot-
ted vs pressure in Fig.4 and shows that the elecbric§1 conducti~
vity is approximately proportional to the concentration of N
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3. N, at High Stutic Pressure

The observation of a phase transition above 30 GPa in shoeded
'1iquid nitrogen led to a theoretical prediction that at 0 K solid
N2 might transform to a monatomic phase at pressures possibly be=
low 100 GPa /I4/. Static high-pressure Raman~scattering experi-
ments at 300 K in a diamond anvil cell up to I30 GPa showed that
solid N2 Tebains its diatomic nature up to this pressure, al-
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M.Ross and A.K.McMahan, The metallization of some simple sys-—
tems, in: Physics of Solids under High Pressure, eds.J.S.
Schilling and R.N.Shelton (North-Holland, Amsterdam, I98I)
pp.161-168,

D.F,Calef and F.H.Ree, "An estimate of the barrier to and rate
of dissociation of dense nitrogen under shock conditions",
Phys.Rev.B (in press).

A.K.McMahan and R.LeSar, "Pressure dissociation of solid nit-
rogen under I Mbar", PhysaRev.Lett.Q% (1985) 1929,

R.Reichlin, D.Schiferl, S.Martin, C. anderborgh, and R.L.Mills,
"Optical studies of nitrog:n to I%0 GPa", Phys.Rev. Lett, 55
(1985) T464,

D.A.Young, C-S.Zha, R.Boehler, J.Yen, M.Nicol, A.S.Zionn, D.
Schiferl, S.Kinkead, R,C.Hanson, and D.A.Pinnick, "Diatomic
melting curves to very high pressure", Phys.Rev,B 35 (I987)
5353. o

though three transitions to new structures are observed /1I5/. The
fact that N2 dissociation occurs in the dynamic eﬁperiments and
not in the static ones shows that higher shock temperatures drive
this transition.

The melting curve of N2 has been measured to I8 CPa and
900 K in a diamond anvil cell /I6/. The lowest shock temperature
measurement of 2000 K at I0.6 GPa /7/ is well above the melting
temperature of 600 K at this pressure, showing that the shock com-
pression data for liquid nitrogen are well into the fiuid phase.
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STUDIES ON THE ELECTRON STRUCTURE RECONSTRUCTION IN
INTENSE SHOCK WAVES

E.N.Avrorin, B.K.Vodolaga, V.A.Simonenko
Chelyabinsk State University, Chelyabinsk, USSR

Shock-wave studies have made it possible to obtain data on
the . compressibility of more than 200 materiasls at standard con-—
ditions, in solid, liquid and gaseous states, including about 50
metals /I1,2/. It has been found that the functions of atomic vo~
lumes of elementary substances versus the atomic number have a
periodic forms. This periodicity is related with the electron
shell structure of atoms, A flattening of curves versus a- pres-—
sure increasse and a growth of compressibility of substances with
large atomic volumes are observed. This phenomenon is related
with the reconstruction of the electron structure; the atoms are
drawing together under compression and the energy exchange is
increasing. It leads to broadening and overlapping of electron

energy levels. The pressure Tange up to several megabars has been
studied in detail under laboratory conditions, At these pressures

electron structure changes of substances having an inverse popu-
lation may take place. Transitions of outer S-electrons onto va-
cant D-levels are the most prevailing ones under compression.Clo-
8ed intsrnal configurations characterized by an essentially lower
comﬁressibility'appear. The treatment of shock-wave experimeénts
results hes shown the inflections of shock adiabats at pressures
of some hundred kilobars in some cases /I/, which was related
with the completion of above-mentioned transitioné} There are con-
tradictions in this interpretation of measurement results. So
most of metals of the fourth group are characterized by the most
closely packed atoms structures and therefore it is impossible

to explain'a sharp reduction of the compressibility with respect
to transition to the close~packed Phasesy we have failed to find
the hypothesis~predicted bend \
Furthermore most of inflections have not been confirmed by later
oexperimental researches /37, According to /3/ the inflections of
three materials are expressed considerably weaker and not at the
fame values of particle velocity as compared with /I/. In the
procedure of the treatment of experimental results /1/ there is
inconsistency which is typical for many early researches. In our
opiniop this incOnsistency has led to an appearance of the shock
adiabat inflactions for some substances, We shall explain the
abovesaid in detail now,
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Experiments on measuring the material compressibility by
shock waves are based on relations that bind kinematic parameters
shock velocity D and particle velocity behind its front U - with
thermodynamic values (density, pressure and internal energy). Si-
multaneous measuring of D and U in the experiments makes it pos-
sible to determine thermodynamic values without using model cone
slderations. So the shock-wave adiabats of comparatively few num-~
ber of substances have been studied. Such adiabats of Al and Fe

have been studied in more details than that of other materials

by the Soviet researchers. ’

In widespread experiments shock velocities in both contact-~
ing materials are measured, One of the materials of the pair is

a material studied during experiments with simultaneous measuring
D and U (the reference). The traditional treatment of experiments
in contacting materials is carried out by means of P diagrams
method (see, for example, /4/) and requires using model conside-
rations; for the consequent treatment we must know not only the
shock-wave adiabat of onse-stage compression but also isentropes

or shock-wave adiabats of two~stage compression'of the rsference

_ material, Available experimental techniques ensure a high accura-
' €y in measurements of only the shock-wave adiabat of one-stage

_ compression. Other characteristics can be obtained with the help
of model considerations the validity and the applicability of
which it is necessary to verify. The situation is essentially sim-
plified only in the low bressure range where the shock-wave adia—
 bats and the isentropes are weakly different from the cold com~
pression curve and the appropriate transitions from one dépendenca
to the other are weakly sensible to the model choice. In this case
it is sufficient to know the shock-wave adiabat of one-stage com-
pression of the reference material. Over the high pressure range

the: discreparicies between above-said curves increase and the &ap-
_propriate substitutions lead to appreciable error in determining

a-mass velocity of a sample. And the mass velocity obtained by
'plotting curves with a reflected shock-wave adiabat is less than
the true one. ’ . )

The treatment of experiments using a reflected shock-wave
/'adiabat is widely used, in particular the authors /I/ uged it,

' The following regularity attracts our attention: experimen-
tal data on metals with the inflection on the shock-wave adiabat
are.obtained in the low pressure range mainly concerning alumini-
_um'while in the high pressure range concerning ferrum. In cases
when we used one reference material over the whole range of stu-
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pancy results of various theories claims to the accuracy ofvex—
perimental data, in particular wave velocities should be measured
with an error not more than 0.5-I.0%. As applied to porous sample
studies these claims do not change as it was found in the calcu-
lations with changing a porosity coefficient in the range I-5Q,
Experimental studies in the wide_pressure range have been
carried out with the necessary accuracy in /5/ for aluminium and

. lead. These measurements have produced the First and relisble con-
firmation of a manifestation of shell effects on the shock-wave
adiabats of metals., The value of the oscillation amplitude and

its decreasing versus the atomic number growth agree well with
predictions according to the model of a se}f-consistent field
(SCF) /6/ in which widths of energetic zones responsible for the
thermodynamics are calculated in a quasi-zone approximation, which
ig'fairly close to the assumption accepted in statist%cal models

_ on smearing the electronic shells. If we also take thé prediction
_of SCF for the oscillation amplitudes of other thermodynamic para-
meters the condition of the thermodynamic stability as calculaticus
have indicated, is valid over the entire region necessary for ap-

plications,

died pressures {kalium was among these metals) the inflection
has not been observed on the dependence curves. One should not
éxclude the possibility of the fact that the inflections in /I/
were due to the application of the reflected shock-wave adiabats
at the treatment and possible inconsistencies in the uged shock-
~wave adisbats of aluminium and ferrum. The results of our treat-
ment have confirmed this assumption. The shock-wave adiabats of
metals in D-U-coordinates have a rather complex form and, only
in a rather limited pressure range can be approximated by means
of linear and quadratic expressions with high accuracy. Accord-—
ing to /I/ metals having inflections on the shock-wave adiabats
in form of D-U dependences are not distinguished among others,We
associate the shading and the flattening of electron transition,
which taske place in this bressure range, with the effect of a
high (some electron-volts) temperature accompaning the shock-wave
compression that leads to g strong .smearing of energetic zones,
This gives rise to a marked broadening of the bressure range in
which the electron structure reconstruction takes place. There-
fore such reconstructions on shock-wave_adiabats are expressed
far weaker than on curves of the cold compression.

At the further increase of the shock-wave amplitude the elec-
tron structure reconstructions are due to the thermal ionization
process. Up to the present this pressure range has not been stu-
died experimentally and the sffect of these reconstructions on

thermodynamic barameters was studied by using various theoretical
models, Statistical models are not valid for this investigation
because they use the model of continucus electronic states. Cal-
culations on models taking the shell electron structure into ac-
count give the wavy or even the step-wise form of curves in the
behaviors of thermodynamic values, the oscillation position ang
amplitude of various models ¢iffer strongly. It was impossible to
exclude the presence of such areas in the region of thermodynamic
variables where (3°P/3 V%) <0 which, as it 1s knowf, is the
cause of the anomalous behavior of materials during dynamic pro-
cesses: rarefaction takes place in a shock-wave regime while the
compression is accomplished smoothly (see, for example, /4/), The
necessity of calibrating up-~to-date theofetical models of a sub-
stance, the determination of the oscillation values, the verifica-
tion of the fulfilment of a condition of the thermodynamic stabi-
1ity made the problem of obtaining experimental data in the preg-
Bure range of about I00 Mbars urgent,

The elimination of wncertainties in the region of the discre- ‘
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EQUATIONS OF STATE AND ELECTRON STRUCTURE OF COMPRESSED
ALS

. which were found on strict hypothesis about Grineisen functions.
MET

New approach /5/ is a search for equation of normal igent-
ropes, which are close to zero isotherms, from coefficients D(u)=
8,0+ aru or D(u):ao + aru + a2u2. This coefficients dgtermine is -
entropic moduli of volumetric compression 2. = fo a, and its
derivatives SBIsz 4aI - I for normal states. Such igsentropic com-
Pbression curves in Born-Mayer form after introducing small Debye
corrections fixed site of zero-degree and normal isotherm until
two-, three-fold compression. Relative situation curves px(f) and
Hugoniot adiabats ph(?)are deternined heat components EOS, which
are anomalously large /5/ for transition metsals.,

Constructed in this paper equations of states for 7 metals
/Pb, Cu, Cd, w, Be, Fe, Mo/adequately describing absolute and re-
lative measurements of compression are received by interpolation-
al connection of regional EOS, which are true at temperatures

T£ 5ev and T % I0ev, Regional EOS are distinguished by it's heat
electron components, but have identical zero-degree isotherms, re-
ceived by approximation of experimental and quantum-statistical
compression curves, and same components, represented free energy
of heat nuclear motion in form /7/.

At "low temperature" EOS electron members /8/ parameters are
found from experimental values, in high temperature EOS are taken
- from qhantum—statisticai calculations. Values for 5 metals are
taken from TFP model /6/, it's for Fe, Mo from Thomas-Fermi model
because of high heat components for transition metals. In Figs,2
and 3 solid lines are shock adiabats, calculated in accordance
with regional models, another lines are calculations on quantum-
mechanical models "SSp" /9/ and MXFS /I0/ and are results of re-
lative measurements at TPa pressures,

L.V.Al'tshulerl, S.E.Brusnikin®
1YNITOFT, Moscow, USSR, “NEE PFP, Minsk, USSR

At present time in various dynamical and statical investiga-
tions large informations are collected, it gives priority for
thermodynamical model and bounds for quantum-statistical descrip~-
tions of elements with métallic properties.

Main equations of states components are potentials of atom
interaction at zero absolute temperature, which are determined by
their electron structure. Shell-structure effects are demonstra-
ted in periodical variations of density and compressibility with
atomic number at normal conditions, but for some elements it gi~
ves nonmonotonic static and dynamic compression curves, Such ef-
fects were discovered for elements of the 33-5th periods, and we-
Te systematized by /I/. This elements are disposed on falling
branches of atomic curve and have specific configuration of shock
Hugoniot adiabats (Fig.1), which lag on two linear lines with di-
fferent derivatives in D-u variables /D,u ~ wave and mass veloci-

1lity at the beginning of adiabats and nonmonotonic increasing of
elastisity is explained by transition outer-shell s-electron on
empty d-levels and formation of noncompression electron confi-
gurations,

Information about the nature of more complicated electron
reconstructions for rare-ecarth metals /REM/ are received from qu-
antum~mechanical calculations /2,3/Vof energetic spectra and ele-

Good coincidence of calculations with experiments confirms
ctron distributions on s,p,d,f-harmonies. Two-

the adequacy of description of thermodynamics of metals by quan-
tum-statistical models with "corrected"” semiempirical curves of
cold compression. But quantum~mechanical calculationg according
to MXFS theory contradict the compression results on metals /Fig.2]
‘and according to CCP theory contradict the site shock adiabats

for Cu and Cd /Fig.3/. ‘

For Al laboratory determinations of dynamic compression
/Fig.I/ fix with high precision /I,5/ the low monotonic part of
shock adisbat. Under pressures of about I.8MBar, as it's shown by
experiments /II/, /I5/, the metal undergoes predicted /I6/ intep-

Tupted increase in dynamic compression "because of the existence
201

fold compression of
Pr increases d-electron numder from I.33% to 2.18, i.e. to /s,p/~d

transition, but for light REM it gives /s,p/-d transition, which
incresses electron numbers in f-states for Ne from 2,11 to %,6
and for lLa - from 0.I5 to 0.63. Delocalization of f-electrons,
-Wwhich givee phase transition, is found for static compression of
Pr /47,

In a wide range of density variation "cold" components of
equations of state are received fcr 25 elements with smooth shock
adiabgts. Traditionally shock pressures are devided on heat and
"cold" components accerding to dynamic experimental curves,
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of the range of negative electron Griineisen coefficients and bend . 15,
4in cold compression curve."

The whole experiment of sluminum gigabaric range /Fig.4/ is
satisfactorily described by semiempirical model "SSP" and by sta- , 16,
tistical adiabat suggested in /I8/ which implicitly takes into
account the zero isotherm original configuration.
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THE WIDE-RANGE EQUATION OF STATE

G.V.ShpatakovskayaI, E.A.Kuz'menkov2

IThe Keldysh Institute of Applied Mathematics, USSR Academy
of Sciences, Moscow, USSR
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Measurements, Moscow, USSR

A quasiclassical simple model (QM) of equation of state is
broposed for an electron component of the matter /1-3/, The QM
is valid over a wide range of densities and temperatures, con-
necting the regions of the traditional enployment of Saha-model
and stetistical Thomas-Fermi (TF) model with exchanges and quan-
tum corrections (TFK or TFC /4/). The QM describes from the first
' principles typical step behaviour of the ionization state and
énergy, as a result of succeeded ionization of the ion's shells
with the temperature increase. Also QM naturally includes the
effects of electron-ion interaction with the density increase.
The model treated is based on the Thomas-Fermi model, A role
of quantum, exchange and shell effects is considered additively
by - the appropriate corrections, To incorporate the effects of
shell structure in TF theory an analytical quantization condition
/5/ was used. This condition has a true asymptotic behaviour: in
the region of strong binding it transforms to Bohr~Zommerfeld
condition, and in the region of weak binding it describes a band
energy structure and a change to the continuous spectrum,
The quantum-exchanges terms are calculated as in the TFK-mo-
_del /4,6/. The shell corrections to the pressure and to the in-
“ternal energy we obtain from the gqperal view for a correction
to the free energy /6/ érFshellz'.i,d/u'JNshell (put)., If 8 vari-

ation of the self-consistent field is assumed to be smallcYUduﬂl=0
one can have: '
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tion and time of the electron's motion with an energy equal to
the TF chemical potential /M and zero orbital moment in the TF

potential U(r) , A max — Raximal orbital moment l+2l for the

energy A, é'ﬂ =‘€‘>2~$ﬂ,z /})f}FO.Tha function I ( ¢ ) governs de-
cay of the temperature shell oscillations: for nondegenerate

' plasma /u<0, !/ul» I, Y —0, Ii((//u) - I} for degenerate

natter P I, "f/u'_’ I, IE(Lf/u)——b' 0.

Clearly the model outlined above, based on the TF~model,

i

can not adequately describe the equation of state under the nor-
mal conditions because of the improper O K isotherms in the TP~
and TFK-models. Therefore to expand the area of application of
the model treated QM O X isotherm is replaced with a semi-empiri-
cal curve /7/, extrapolated to QM under the high densities.

For demonstration of QM-abilities Hugoniot curve of Al is
shown in Figure, where the QM-curve is.compared with the other
theoretical models and the available experimental data. The 80—
mi-empirical O K isothsrm is also given. In our calculations of
~Hugoniot curve nuclear motion term based on the one-component
plasma theory according to the ref,/8/.

PO W T

; thepretical and experimental shock Hugoniots for Al — QM
with interpolated zero Kelvin isothermj; + - INFERNO of Liber—
man from %I/ .

Zero Kelvin isotherms:

interpolated oney; ¢ - APW from /II/.
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EQUATION OF STATE OF SOLID NEON
FROM X-RAY DIFFRACTION MEASUREMENTS TO 110 GPa

R.J.Hemley! , AP. Jephcoat!, C.S. Zha!, HK. Mao!,
L:W. Finger!, and D.E. Cox? '

1Geophysical Laboratory, Camegie Institution of Washington, Washington, DC 20008 USA

2Brookhaven National Laboratory, Upton, NY 11973 USA

The properties of condensed gases at ultrahigh pressures continue to attract
‘much experimental and theoretical alterﬁion as these systems provide critical tests
- of theoretical models of bonding in solids. Neon has been the subject of con-
siderably fewer experimental and theoretical studies than other rare ga;cs. The
~ first-high-pressure studies of condensed gases in general [1], and solid neon in
particular [2,3], were low-temperature studies limited to below 1.0 GPa. Later,
single-crystal x-ray diffraction studies were performed on neon to 14.4 GPa, as well
as argon to 8.2 GPa, at room temperature [4]. From a theoretical point of view,
there does not yet appear to be a consensus on the role of many-body forces in
the solid. Indeed, the determination of an accurate Ne-Ne pair poiential has been
fraught with difficulties [5-7). Both statistical electron and band-structure calcu-
lations have been performed to predict the properties of the solid at ultrahigh
pressures, including the P-V equation of state {8,9]. The band-structure calcula-
tions indicate that the electronic structure is only weakly perturbed over a wide
‘range of pressures; the pressure-induced insulator-metal transition is predicted to
,6ccur at extreme pressures above 100 TPa [9]. One may surmise from these re-
sults that a simple pair-wise description of the interatomic forces should accurately
represent the properties of the solid in the 100 GPa range. ‘
“The last several years have seen the development of static cofr)pression tech-
niques based on the diamond-anvil cell in which gases have been contained and
pressurized above 100 GPa [10]. Few detailed structural studies, howeffer, have

been carried out on gases in this pressure regime. Structural studies with con-
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ventional x. e S ;
ntional x-ray diffraction techniques are particularly difficult for weakly scatter-

Ing (i.e, low-Z) materials. In the present experiments neon g
powdered tungsten and ruby,

di

as, together with

was loaded at room temperature in a megabar-type

am . . .
ond-anvil cell with bevelled anvils [10]. The x-ray diffraction was measured
"t e o H
@ Toom temperature at the National Synchrotron Light Source Brookhaven Na
Y a-

tional Laboratory (beamline X13A) operating at 2.5 GeV and 50-120 ma. The

incident x-ray beam from the synchrotron was collimated to a width of 20-40 um

and the di i 4 i
e diffraction was measured by energy dispersive scattering techniques [11,12]

Pressures o ; i i
f the sample in the diamond-anvil.cell were measured in sin by x-ray

ind
uced ruby fluorescence [12]. The recently determined quasihydrostatic ruby

120 T m T T

T
‘. .
{
_ i Neon
100 + P ' ‘ —~
'\ .
-\ o This Work
.80 }- \ D Finger et al. (1981) |
o \
% -\ — — Exp. EOS, Static
¢ \ — Exp. EOS. 300 K
L 60 \
g h . —'— HFD-C2 EOS, 300 K
4
o ,
A,
. 40 + -
20
0 |

30 40 50 60 70 80 9.0

Volume, cm®/mol

pressure scale was used [13]. The pressure was also checked against that calcu-

lated from the x-ray diffraction pattern of the tungsten by the use of the tungsten

4

P-Visotherm [12].

The (111) and (200) lines of solid Ne in the fcc structure were observed to
the maximum pressures. In the lower pressure range below 30 GPa, however, an
irregular variation in the relative intensities of the two Ne bands was observed
with each change in pressure. This effect is attributed to partial recrystallization
of neon micro-crystals with preferred orientation with increasing pressure [4]. The
molar volume calculated from the diffraction pattern js plotted as a function of
pressure in Fig. 1 along with the results of the earlier single-crystal study at low
pressure. Very good agreement with the earlier study is indicated. The results
of 4 least-squares fit using a third-order Birch-Murnaghan finite-strain"equation
of state [14] are also shown. The fit was performed by first reducing the 300 K
data to 0 K in order to use the low-temperature zero-pressure volume Vg and bulk

modulus Kj in the fit, as described in the figure caption.

Fig. 1. Pressure-volume data and calculated equations of state for solid neon.
The solid line was calculated assuming P(V,T) = Ps(V) + Pzp(V) + ?T,,(V,T),
where P, (dashed line) and Pzp are the static la‘mcc and zero-point pressures,
respectively, which are functions of volume only, and Pry is the thermal pressure
(at 300 K), which is a function of both volume and temperature. The latter two
terms were calculated in the Debye approximation; viz, Pzp = (92/8V)R @(V) and
Prx = (BRT4/V)D(O/T) where R is the gas‘ constant ® is the Debye temperature,
and D is the Debye function, 4 is the Gruneisen parameter, which was calculated
assuming the v = (V/Vg) i + 1/2, where V, = 13394 cm¥/mol and v; = 2.05
(Refs. [2,4]). The T = 0 K isotherm P(V, 0K) = Ps(V) + Pzp(V) was then fit
using the Birch-Murnaghan ﬁnit'e-strain expansion, in terms of the nomalized stress
Fas, F(f) = 1;(0 K31 + 267] = Ko(1 + af), where f = (/2)[(Vo/V)? - 1]
anda = (3/2)(K, - 4). Ko and Ky are the bulk modulus and its pressure derivative.
In this calculation K, was set equal to 1.097 GPa (Ref. {14}), and the value for Ky
was deiermined by least-squares fit to be 9.23(3). The dash-dot line was calculated
from the HFD-C2 pair potential of Ref. [S], with the Pz, and Pry contributions

calculated from quasiharmonic lattice dynamics (see Ref. {1}, and to be published).
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Also shown in Fig. 1 is the equation of state calculated from the pair potential

recently determined by Aziz et al. [5]. In this calculation the thermal contribu-
tion was determined by quasiharmonic lattice dynamics. At lower pressures it is
generally believed that the triple dipole dispersion terms contribute. In addition,
anharmonicity of the crystal is believed to be significant and thus a Monte Carlo
or molecular dynamics calculation must be performed to determine accurately the

properties at low pressures [1]. Despite these approximations, good agreement

with experiment is observed at low pressures. At higher pressures, however, a Exp. EOS. Static

. Significant departure from the predictions of the pair potential model is apparent;

. . : — — Exp. EOS, 0 K
i.e; the compression is strongly underestimated. Moreover, the use of other pair :

-potentials from Ref. [5] show worse agreement with the new P-V data. % Zharkov & Trubitsyn

{1978), 0 K

Log Pressure, GPa

The experimental equation of state is compared with theoretical results of the-

. . R . 1686), Static
oretical predictions in Fig. 2. The calculation of Boettger {9] is a band-structure + Boettger ( )

approach using a LCGTO basis for the static lattice. At lower pressure (below 34

GPa) the calculation appears to underestimate the pressure. It is likely that the

l o !
2.0 4.0 6.0 8.0

principal sourcé of error is associated with limitations of the theoretical method for
expanded volumes, as discussed by Boettger [9]. It is therefore encouraging that
excellent agreement is observed -at higher pressures and densities where such com- Density, gm/Cma
plications in the theoretical method do not obtain. There is also good agreement
with the isotherm determined by Zharkov and Trubitsyn [8], which was calculated Fig. 2. Compaﬁson of the temperature-reduced (T = 0 K) and static-lattice

. . : . . . . : : i sures and
‘by interpolation between the results of quantum statistical caleulations at ultrahigh experimental and theoretical equations of state for neon at high pres

pressures and the early experimental data at low pressures (< 1 GPa). densities. The calculation of Zharkov and Trubitsyn [8] is semiempirical: it was
The overestimation of the pressure (or volume) in tl;e pair-potential calculation determined by interpolation from low-pressure experimental data and tht? results
may reflect inadequacies of the form of the repulsive part of the potential. Indeed, of quantum statistical calculations at high pressures. Boettger [9] employed lo-
the determination of the entire potential for neon has been a difficult problem in
the last few years (see Ref. {7]). The HFD-C2 potential was adjusted to fit both

exchange-coulomb-type potentials and the high-energy molecular beam data of Rol

cal density functional methods usin'g a linear-combination of gaussian-type orbital

~(LCGTO) basis.

(see Ref. [5]). The Rol data appear to represent the best estimate of the pure
“two-body interaction potential high on the repulsive wall, Thus, it is also possible
.that the deviation of the measured high-pressure data and the prediction of the

HFD-C2 potential arises from the effects of many-body forces in the compressed
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solid. As discussed by Meath and Aziz [15], at high densities many-bddy exchange
terms are believed to represent the largest many-body contribution. This term
tends to soften the repulsive forces in the solid, causing a decrease in the pressure.

- The extent to which overlap effects will serve to diminish this contribution in the
compressed solid, however, is not yet clear [16]. »

In ébnclusion new x-ray diffraction techniques involving the use of synchrotron
radiation in conjunction with the megabar-type diamond-anvil cell have been ap-
plied to determine the Structure and and pressure-volume equation of state of solid
neon in 100 GPa range. The maximum compression, corresponding to a relative
volume V/V, = 028 at 110 GPa, appears to be the largest measured yet by x-

ray diffraction techniques. Neon remains an insulator with the foc structure over
this pressure interval. The measured P-V isotherm at high pressure is in exccllent
agreement with the results of electronic structure calculations but js incorrectly
described by pair potentials recently developed for neon.

This research was supported in part by the Carnegie Institution of Washing-
ton, NASA (contract NAGW214), and US. Department of Energy,
Materials Sciences (contract DE-ACO2-76CH00016).
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COMPRESSIBILITY OF POROUS METALS IN SHOCK WAVES
R.F.Trunin, A.B.Medvedev, G.V.Simakov, Yu.N.Sutulov

Institute of Chemical Physics, USSR Academy of Sciences, -
Moscow, USSR

Experimental results

The new results of compressibility measurements of porous
tantalum and additional data for nickel and molybdenum concerning
mainly the non-studied range of states are given in accordance
with this aim.

The specimens under test (cylindrical pellets 12-15 mm in
diameter and 3-5 mm in hight) were fabricated with the metal pow-

ders pressing to the required values of initial density.41= ;%

(whereje is the crystallographic density of metal, m 1is a poro-
sity). The least density (maximal porosity) was reached by the
sublimation of light organic component from preliminary prepared
homogeneous mixture of fine-~dispersel metal powders with this
additive,

Electrocontaqt technique of wave velocity measurements was
used /1/; with the pressures less than 10 GPa as a temporary pic-
kups the piezoelectric ceramics was used.

The resulting experimental data are shown in Figs.1-4,

In Fig.1 one can see the dependence of wave velocity (D) on the
porosity (m) for molybdenum. These are so-called the "lines of
one charge" - i.e. the dependences that allow to costruct the
adiabats of any porosities in Anlexperimentally investigated
interval. Just the same dependences were received for other
metals. -

It should be noted that for molybdenum (as well as for other
studied metals) beginning from some "m" (m-2.0-2.5 in our case)
with the same screen material (in the most our tests aluminium)
and their initial states the values of wave velocity in porous
specimens have a linear dependence on the initial specimen density.

The experimental data totality in the kinematic D-U variab-
les is shown in Fig.2. In example of nickel analysis of D-U diag-~
rams showss:

1. The~“initial adiabat sections of porous metals represent

a fan of diverging straight linescentered to the small region
- AD(U=0) adjacent to the origin.
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2. The most initial D; slope.in this fan has the adiabats
with the low "m" values; the adiabat slope decreases with "m"

increase. For some adiabats with the maximum porosity the linear

extrapolation of D-U dependences on high D,U parameters to U=0

leads formally to the negative values of sound velocities and ac-

- cordingly at some UL Uc values to the negative wave velocities.

It 1s in contrast with the conservation laws: D> U 1s the neces-

'sary condition of the shock wave existence, This adiabat's inves-

tigation in the region of boundary D=U straight line shows inver-
se - convexity for the D-U dependence (as compared for the adiabats

‘with small "m" values),

Qn the equation of state

In practical application of equations of state the most wi-
dely distributed are the equations where the relation between
heat pressure and energy expresses in terms of Y= V(gg—)v Gru-
neisen coefficient, In f2/ the construction of equation of state
the 7 =P (g%—)P factor that supposed to depend only on the pressu-

“re.was taken as a basis. The equation of state used in our study

is based on the approach that represents the combination of two
above mentioned ones. As it is seen from X and Q definition both
factors represent the specific Z derivative:

JSPV} f : (1)

In this expression 7 (= ——) is a tangent of slope angle of di-
. dy

rection in P-V coordinates. 1f, for instance, Z is estimated with
Vo= Const(§=w), then Z:Y if with P=Const (‘f:O), thenZ= 4.
In common case 2 value depends on the direction where the deriva-
tive 1s estimated, i.e. on 'F Let's stipulate to find such di-
rection in the arbltrary point of P-V plane that is characteri-
zed by the tangent of slope angle }’( —a——) along which the equa—
lity
ey

is fulfilled. .

The differentials of numerator and denominator of the left-
hand side of equation are equal to

d(PV) = PAV + VdP (3)
dE = (—a—)D av + (-——)V (4) .
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The (é;g—)v derivative expresses in terms of Y and jo density
as follows:

(g = 0 (5)

Just after some transformations (-%%—)p may be written as
: 2
E
(&)p = ch - P (6)

where C i1s sound velocity. Hence we get the expression for ?’:

2 2 c P
> L) (5 -5 4k

2
=5

Then we assume some supporting curve. As this curve we choose
here the shock adiabat of solid (m=1) substance as the most tho-
roughly experimentally studied, Label the quantitives on this
curve by "/[n index, Draw a straight line in p-y coordinates with
tangent of slope angle determined by the expression (7) from ar-
bitrary point on the supporting curve

(7)

P p“w{(v - (8)

Along this straight line expand PV in series till the first-order
term with respect to E,

So far as according to Pdetermination along the straight
line (9) in. the point of its intersection by the supporting cur-

ve the —aSLE!l éep- % equality is fulfilled, the expansion in
E

series gives the next relation

PV~PrV"=§‘- (E-£E") (9)

The equation of state ig determined by (8), (9) and‘(7) expres-
sions. In the V>>Vr‘limit takes the following form

PV = % E (10)

Thus, the transition to the ideal &as 1is guarantead,

The shock adiabats from /3/ work are used as the supporting cur-

ves for the studied metals where they are represented in D-U coor-

dinates either linear or squarely, The V{'Pr', ETQalues are ex-

pressed in terms of conservation laws under the shock compression,
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The estimated shock adiabats and experimental data are correlated
in Fig.3, a,b in P- p coordinates, It is seen that in pressure
reglon where the strength influence is small the experiments and
calculations are in good agreement. ’
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Abstract

High pressure properties of solid krypton have been measured at room

temperature by energy dispersive x—ray diffraction,

Brillouin scattering up to 30 Gpa.

constants are deduced. The approach of a phase transition is deduced from

these results,

I Introduction

We

temperature by various techniques: Energy Dispersive x- ray diffraction

(EDX), Extended x- ray Absorption Fine Structure (EXAFS) in the dispersive
mode and Brillouin scatter:ng The experiments were performed in diamond
anvil cells ({DAC) up to 30 GPa. From these experiments the room
temperature equation of state (EOS)} is deduced as well as limiting values

for the three elastic constants. These results suggest the approach of a

phase transition which is theoretically predicted around 60 GPa [1].

II Exgerimegggl
Thé EDX experiments were performed using the synchrotron radiation

source of DESY (Hamburg - FRG) using the experimental setup already

described in Ref. [2}. The DAC was of Syassen—Holzapfel type {3].

The EXAFS experiments were done at the energy dispersive EXAFS port
of LURE (Orsay - Fr;nce). The dispecsive mode [4] g very convenient for
use in conjunction with a DAC mainly because 0f the focussing of the
polychromatic x-ray beam and of the stability of the beam due to the lack
of any mechanical motion.

Briltlouin scattering was performed 'n the back-scattering geometry
using a five pass piezoelectrically scanned Fab;y~Pérot interferometer.
The exciting light was the 514.5 nm line of a single moded argon ion

laser. In both last experiments a Block~Piermayini type DAC {5]) was used.

P24

x=ray absorption and

The equation of state and the elastic

present results on solid krypton obtained under pressure at room

111 Results and discussion

A~ EDX

Between five and seven diffraction peaks were followed as a function

fof pressure. The experimental EOS was then deduced from these data up to

32 GPa.  The  experimental data were fitted with a first order Murnaghan
EOS::
1/8¢

BDP
=0, 1 +— (1)

B
‘where g -and @, are the densities at P and room pPressure respectively, Bo
and 'B'the . bulk modulus at p=0 ant its first derivative with respect to

pressure. The best fit parameters are:

8, = 2.37 £ .005 a/cn’

B0 =1.71 ¥ .005 GPa (2)

B' = 4,15t .1

ey is only a fit paramet;r. These results are shown in Fig. 1 where
the points are the experimental results and the continuocus line represent

‘the Murnaghan EQS.

B~ EXAFS

Only preliminary results are vet obtaiqed. Above the absorption
edge; . one get EXAFS oscillations. The amplitude of the Fourier transform
of these oscillations shows peaks for the successives neighbours
vdistances which allow to deduce an EOS. The variation of the intersity of
these peaks is directly related to the Debye-Waller factor. The analysis
of - the "height of the nearest neighbour peak shows that the Debye-Waller
decreases when the pressure increases. Quantitative analysis of this
phenomenon will be done elsewhere [6}.

C = Brillouin scattering

Raw results of Brillouin scattering versus pressure are shown in
Fig. 2 On this figure the scattering of the points is due to the fact
that various crystalline orientations were explored: when the pressure is
changed reorientations may happen, and each time that a new crystal is
grown, a new orientation is tested.

In backscattering, the‘frequency shift in cm_l measured by Brillouin

scattering is related to the sound velocity v by:

Ac = — . (3}
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where n is the refractive index, A and ¢ the wavelength and the velocity BIRdH'S LAW FOR FLUID METALS*
of light. The sound velocity is related to the elastic constants by: ,
2 . , s
¢ = v (4) J. W, Shaner, R. §. Hixson, and M. A. Winkler
where C is a linear combination of elastic constants depending on os Alam0S National Laboratory ’

Los Alamos, NM, 87545, USA
and

the relative orientation of the phonon and the crystallographic axes and
¢ the density.

The. refractive index was calculated using the same procedure as

Ay Boness ‘and "J. M. Brown
already wused for argon 17). From the values of Ac shown in Fig. 2 the Graduite Program in Geophysics, University of Washington,
sound velocity was calculated (Eg. 3) ang using the Murnaghan EOS fitted Séattle, Washington, 98195, USA
on the EDX data, the elastic constant was calculated (Eq. 4). In cubic e

crystals the elastic constants have extremum in the (100} and in the
f111] . directions. From low temperature measurements{B], it is known fhat

.
5
in the [100) direction {C =¢ ¥ P £ Y 8

m = €;,) and maximum in the we have established Birch’s Law as an approximate representation over
f111} direction (c = Cy = €, + ¢, + ac, /. Moreover,

F 3 he acoustic velocity is close
the entire 1iquid range. For a given liquid metal the :

B = (Cll + ZClz)/J. Fig. 3 shows the experimental C (points), CM (dotted

line), Cm (dashed line) and B (point-dashed line). From CM' Cm and B one

deduce 114 .
n for near in density, with a slope determined by the atomic weight. The measure-—
iting values for the various C which are st

c wer va kn ics on
ﬂts include isobaric expansion to less than half normal demsity, ultrasonic
X
is  easy to sh that 13 is an upper value and ¢, , and 14 lower lues. e

S may olte metals at atmosphere and shock melte etals to greater than twice
: g m d m 1 b3 t
’ molten 1 mosp >

indicate the approach of the fecc - hep phase transition which is
predicted to happen around 60 Gra [1].

~‘horma1,density-

1V Conclusion

INTRODUCTION
The study of solid krypton under pressure by various techniques

iting values for ‘ n-an attempt to identify what materials lie dee 1Y earth from seismic
P y 1s 1 eep in he rth f ismi
T 31} t

all the elastic constants. The approach of the fcc - hcp phase transition

V’ C ch proposed an emplrica aw u a e wav: C es
elocities, Bir [} m cal at 1 nd elastic wave velo

¥
educed from the h d ird th. bulk iti

analysis of the evolution of a transverse elastic

f the atomic
hould scale linearly with density and inversely as the square root o
constant with pressure. o

wel ht' | 1 l 0 This aw was as on 21la onstant measurements cn rocks to
- B 1 based on stic cons t
4 I ti tant t
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- ' . [9] show how to
. o orth f the EOS. Swenson, -et al. |
Over the past few years we have used the ‘optical analyzer technique to mea= wo orthogonal derivatives o

sure the pressure at which shocked marerials loge their ability to support longi- the Grlneisen gamma,

tudinal elastic waves [5]. At higher shock pressures,. the - release wave moves

T (D
into a fluid-like material at the bulk wave vélocity. Above the shock melting

bressure we then have measurements of the acoustic velocity of the fluid. New

data for liquid lead, obtained by this technique, are presented by Boness,

. ¢, orthogonal to' the isothermal bulk modulus. With isobaric expansion data
1k m 1 i 1 t
tric, ) 24 >

' : a from
Another method of measuring thermodynamic properties of fluid metals is the & can obtain the Grlineisen gamm

isobaric expansion experiment (IEX). In this experiment, a metal wire 1s heated

(2)
in a gas pressure vessel quickly enough 8§80 normal hydrodynamic instabilities play

:l]lg d)ﬂamics, but SlOWl) enough so that isobaric 14
re His the énthalpy, the electrical energy input at constant pressure, and c

apply, and the electrodynamic skin effect is insignificant [7]. The function of

n
. Temperature measurements along the Hugoniot permit a
the gas pressure is to stabilize a homogeneous fluid phase over the widest densi-

 the acoustic velocity.

fter heating the wire to 5000-10,00 K i . . .
erimental 'detérmination of the isothermal bulk modulus by stra orwar u
0 experim . dul b traightf d t

microseconds, we often

S, dur ing etic } Along the isobar, the isotherma ulk-modulus, B can
‘ : 1b » B
edious arithm [10]. long bar,

which time we can perform detailed optical pyrometry or an acoustic velocity

mea- be determined from
surement.

The acoustic velocity measu

. : 2 .
rement consists of a stress pulse induced by a Cv +oa VTBT 4

Q-switched ruby laser pulse of ~0.] J in 20 nsec, focussed to a spot roughly

(»
Oel mm on the central portion of the fluid column. This pulse propagates at: the = VBp CP/CV ?

bulk sound velocity across the diameter of the wire and initiates a stress wave

in the pas at a point diametrically opposite from the lager focal spot.

: d C are the heat capaci-
Th h 18 the volume thermal expansion coefficient an p,v at
The gas where a

stress wave is detected by Schlieren

: P Cy and Bg.
- 11y in Eq. (3) except Cy T
pliotography with a streak camera.  The ties.  Everything 1s measured experimenta‘ 4

velocity isg simply the diameter divided by the time Interval between the exciting

laser pulse and the initiation of the gas stress wave, This technique hag

f’ 2 EXPERIMENTAL DATA

We ‘present acoustic velocity data for expanded liquid lead and tantalum in
y *Ad, for example

The lead data at high temperatures and expansions show no pressure de—~
almost one th d

Figv 1.

¢ ce Since the P,V iscbars separate at high temperatures we can say that
8 3
0 ' " penden . 3y P p

(E0S) surface in the form of a (P,V,T) isobar, or a Hugoniot

dent, at least at high ex~-
atlow one to deter the ‘acoustic velocity is only weakly temperature dependent,
s A ‘ter— |

observed linear de-

These isobaric expansion data show the normally
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-pendence of acoustic velocity on density, but to much higheg expansions than are
usually obtaiuéd for metals [11]. v

The combination of data presently available for acoustic velocity in metals
in expansion, shock compression, and at the one-atmosphere melting point is shown
in Fig. 2, including the recent data of Boness, et al. [6] The N, data are from
molecular dypamics calculations [12}. It ig lmportant to realize that in the
shock compression regions the density derivative of the temperature ig positive,
while it is negative in the expansion region, so any temperature dependence might
fend to skew the data with respect to a straight line fit. 1In principle one
should plot isotherms of ¢ vs density, but under the extreme energy density con-

ditions of these experiments, well defined thermodynamic data are limited.

3. DISCUSSION

‘The data of Fig. 2 show that the Birch’s law suggestion that c¢ is linear in
density works reasonably well, even over a density range of three to five, for
metals in the liquid range. The change of slope in the Pb data from expansion to
compregsion is, however, well outside experimental error. Thé average slopes
decrease monotdnically with atomic mass. At low densities the linearity must
break down as one approaches the ideal gas limit, which ig independent of densi-
ty.

For a 1inear shock velocity vs. particle velocity, UE = C + SUp, the

pressure derivative of the isentropic bulk modulus is given by B’ = 45-1. Thus,

for a simple two parameter equation of state, Bs should scale like density to the
~ . i’

45-1 power, or
e = (B )12~ o281 , O)

Since most Hugonlots have S between 1 and 1.5, one expects ¢ to scale between
linear and quadratic in density, at least in the compression range. Our data

show that this scaling extends to significant expansions as well.
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Fig. 1. Acoustic velocity in heated, expanded liquid metals:

a) lead (Ref. 8); b) tantalum (Ref. 10).
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Grineisen’s gamma shows unexpected behavior for Pb when plottéd against den~

JQUATION OF STATE OF MATTER AT HIGH PRESSURES AND TEMPERA~

sity. The dita of Boness, et al. [6] show py to be weakly density dependent. - On - R,ES BY. THE :MODIFIED HARTHEE-FOCK-SLATER MODEL

the other hand, the IEX data show yV to be roughly constant.B Therefore, -the .
A.F.Nikiforov, V,G.Novikov, V.B.Uvarov

slope of y(p) changes sign around normal density. This can be explained simply' M.~V.Keldysh Applied Mathematics Institute, Moscow, USSR

by a temperature dependent Y 1n the fluid phase. 1In fact, using the soft sphere

_The equation of state of matter at extremely high pressures
- 100 Mbars and temperatures T~ 5 - 50 eV has been very in-
: ively investigated today /1,2/, The experimental determina-
. of the matter properties in this region. of parameters is ve-
xpensive while the theory meets with grave difficulties beca-
s the matter under these conditions represents a strongly coup-

model, which has been applied to the IEX data [13], one obtains an explicitly
temperature dependent Y, and the observed shape of the vy(p) curve [14].
Recognition of an explicitly temperature dependent y is of particular importance

in calculating isothermal compression curves from Hugoniot data extending wellk

into the liquid.
multicomponent nonideal plasma, In practice for calculations

the equation of state quasiclassical models are used, as tho-
by Thomas-Fermi (TF) and Thomas-Fermi with corrections /3/.

wever they do not include the shell effects. Most consistently
gse effects can be taken into account by quantomechanical self-
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lectron states with energy E> EO and £< Eo must be constant
or different temperatures and densities.

, The MHFS equations describe the eleciron system with given
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other nuclei. Such an approach leads to calculation of the
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selfconsistent potential in a spherical cell, which contains a
single nucleus and Z electrons (Z is the charge of nucleus),
The volume of the cell is assumed to be equal to an average vo-
lume per one atom of the matter, ) sen J.P. Statistical mechanics of the dense ionized mat-

The boundary conditions for wave functions must be establi- '
shed when we go over from the great volume of matter to the ato-
mic cell, So that after averaging the result should not change
with transition from one cell to another, the periodical condi-
tions must be used, which leads to the Bloch conditions in quan-
tomechanical models, The periodical conditions are used in the
extremely packed approximation,

The MHFS equations give the descriptions of the electron
component only. To describe ions the one-component plasma model
/8/ is employed with some corrections for the ion size by using
the hard sphere model /7/. Calculations of the equation of sta-
te for ideal and nonideal plasmas, the cold compression curves
and Hugoniot curves for some elements have been carried out
using the MHFS model.

The internal energy of lithium calculated by the TF, TFC,
MHFS and Saha models for pressure of 1 kbar and different tem~
peratures is shown in Fig.1. There is a good agreement with resul-=
ta of the MHFS and Saha models but there is a notable descrepan~

'cy'with results of the TF and TFC models which coincide here. No-
te that the Saha model practically coincides with experiment.

The Hugoniot shock curves of aluminium by some models and
experimental data /9-12/ are shown in Fig,2,

Nikiforov A.F., Novikov V.G,, Uvarov V,B. Using the quasic-
lassical approximation in the modified Hartree-Fock-Slater
del. Teplophysica Vysokikh Temperatur, 1987, v.25, N1,

_Al'tshuler L.V. et al, The equation of state of Al, Cu and
Pb for the region of great pressure. - JETP, 1960, v.38,
N3, p.790-798.

monenko V,A., et al. Absolute measurements of shock compres—
sion of Al at pressures P31 TPa.- JETP, 1985, v.88, Ni4,

. 1452-1459.

Ragan Ch.E., III Shock-wave experiments at threefold compres-
~__sion. Phys.Rev.,A, 1984, v.29, N3, p.1391-1402,

2 Avrorin E.N. et al., Experimental confirmation of the shell
_effects on the Hugoniot curves of Al and Pb.~ Pis'ma v JETP,
1986, v.43. N5, p.241-244,
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Fig./1, Internal energy of 1ithium for pressure of 7 kbar and
different temperatures:
= MHFS; 0 - Saha; -~ ~ ~TF; .~ ~ TFC.

g2, Huganiot shock curves of aluminium:
.EiEHFS; —g- - TEC. Experimental results: a - /9/; w =/10/;

e -/11/; Q< -—/12/-
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ON PLASMA PHASE TRANSITIONS stencé-region boundary what is in contrast to the beha-

H,Hess. and T.Kahlbaum

GDR Academy of Sciences

Central titut . ;
Ins ute of Electron Physics, Berlin, GDR ' Hess, H., Proc, 8th ESCAMPIG, Ernst-Moritz-Arndt University,

Greifswald 1986, 306-307.

beling, W., and W. Richert, Phys.Stat.Sol. (b) 128 (1985)

Nonmetal-metal transitions (Mott or plasma phase transitions) 478
=1

occur ‘in very different systems as in metal vapours, metal-ammonia Mansoori, G.A., N.F. Carnahan, K.E. Starling, and T.W.Leland..

and metal-methylamine solutions, doped semiconductors, electron- ;Chem.Phys. 54 (1971) 1523-1525.

~hole systems, films of alkali-metal and rare-gas atoms, and in Keeler, RiN., M. van Thiel, and B.J. Alder, Physica 31 (1965)

molecular and atomic gases., In rare gases, the plasma phase tran- 'h37-1Lh0. 4

sition (PPT) is believed to be studied in its pure form, well-se- . gttfsaewzgéégi g:g_g?é?l, and A.C. Mitchell, Phys. Rev.

parated from the liquid-gas transition. Radousky, H.B., W.J.Nellls, M. Ross, D,C. Hamilton, and
Recently, scaling relations were proposed for the critical A.CiMitchell, Phys.Rev.Lett. 57 (1986) 2419-2422.

parameters of the PPT /1/. Detailed model calculations in xenon Ebeling, W., H. Hess, A, Foerster, and W.Richert, ICTP

now confirm these rough estimations and give more insight into preprint 86/271, Trieste 1986

the thermodynamics of the PPT. Our approaéh is based on an analy-

tical formulation of the chemical potential of electrons, ions,

and atoms which is a generalization of a model only applied to ' , ’/)1sﬂ2 FﬁGPa ' ‘ _
hydrogen and alkali metals up to now /2/ simply leading to a Saha shock '},"’51,22 0} Yo mctamcntﬂk?'f’
equation and an equation of state. We treat Coulomb interaction ,ﬂ”i . ’“‘n. ‘M‘k?
of'the charged particles most important for the PPT as well as ! ¥ i
van der Waals-like interaction of atoms most important fof the il
liquid~gas transition and take into account the spatial extension
of ions and atoms by. corresponding hard core interactions /3/. |§-
The PPT critical values obtained .are )
T, = 16.000 K, n_ = 8x10°" cu™>, p_ = 2 GPa, and o = 0.9. P | o'l
The critical pressure given here is lower by more than 6ne order 2
of magnitude compared with /7/ and in good agreement with /1/. 410 | 20

The second phase transition shown in Fig.1 at high pressure fe
well-separated from the usual liquid-gas transition is the PPT L ‘63l
which is characterized by a jump in density and ionization degree, ‘g“ Tk QON

The Livermore shock experiments /4,5/ are already located in the

metallic region. Fig.2 gives a further icea of the relative lo- igi1. p-T diagram of xenon. Try ,, Cy o~ tripel and critical

. s ' point of ‘the gas-liquid (1) and the plasma phase (2) transition.

§ <'s0lid, 1 - liquid, g - gas, p - plasma, m - metal. The da-
hed lines are isochores the density of heavy particles alog§
ch'is given by the numbers (6.0 + 21 read 6.0 x 1021 cm=2}.

ffhe dotted line labelled "shock": experiments from f4,5

cation of the two transition regions. In Fig.3, crossing isotherms
and the possibility of describing one point in the p-n diagram by
two very different temperatures can be seen as it was reported for
nitrogen in /6/. These measured effects should be connected with
a PPT mixed with the dissociation process. Finally, in Fig.4 the
sickle~ or tongue-like shape of the PPT region can be noticed

ig.2, p-n diagram of xenon. T€=16.000 K; shown are isotherms,
the numbers give the temperature in 103 K.

which leads to increasing densities at both sides of C2 along 239
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Fig.3.p-n diagram of xenon. Enlarged cut-out from rig.2 argund,
Shown are isotherms, the numbers give the temperature 1in

103 K. Critical point C2 at the bottom of the coexistence re-
gion, Crossing isotherms can be seen as reported in 6 for nit-

Cos

rogen.

)
_— ﬂ§§%§§m§’
SO ey

. T-n diagram of xenon. Shown are isobars,
ziséhthg pressﬁre in GPa. The sickle- or tongue-like shape of

the region of coexistence can be seen.

njem”
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EQUgTIONS OF STATE AND PECULIARITIES OF NUMERICAL MODEILING
OF HIGH SPEED BODY INTERACTION PROBLEMS

.~ V.M.Fomin
Institute of Theoretical and Applied Mechanics, Siberian ~
_Division of the USSR Academy of Sciences, USSR

,Infthe report the works on numerical modelling of deformed
dies collision at high velocities and detonation products ef-
¢t are considered. The principal question dealt with is connec-—
with the choice of the equation of state and the influence of
the latter on the interaction of bodies under large pressuresand
mperatures,
Tha glven cless of problems presents a set of complex phenc-
6tia including various physical processes, as; for example, the
tonation of explosive substances, propagation of shock waves
nd the breakdown of substances which in the first place are cha-
fﬁcterized by a considerable heat release, high pressures and
pmperatures. A qualitative analysis of the principle physical
‘gccéeses which take place at the collision of solid bodies at .
speeds carried out by K.P.Staniukovich /I/ and explained la-
or with the help of numericsl calculations in the framework of
ne~dimensional non-stationary approximations /2/ allowed to es-
teblish the boundary of collision velocity and accordingly, of
the pressure and temperature, beginning with which there take pla~
cé the phenomena, similar to explosion. In the interaction zone
the crystal structure of the media is destroyed, and the substan-
passes into another phase or undergoes a mechanical crush with
the subsequent scattering. The velocity at which the colliding
bodies in the zone of impact reach the melting temperature and
furn into compressible liquid or gas we will call threshold velo-
city, and it is equal a1, = z::‘vo,75, where U,1is a collision ve=
loeity, and A, is a sound velocity in the obstacle.
" Let us consider the peculiarities of body collision procesg-
o8 with velocitles of meeting A4,»0,.75. Under these conditions
‘inequalities of the form Pk)G;ij (i3, 1, j=I, 2, 3) are carried
_ outy where the pressure }E‘§f¥1eﬂ£ and consequently, one can ne-

glect the tengent components in the stress tensor, if compared

with the normal ones. In this case the process in the intersction

zone  will be described by the system of Euler equations with a
¢losure according to the thermodynamic equation of stats of the
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’aimensional approximation.To solve the given class of
tthg Wilkins method accompanied by the local reconstruc-~
the difference mesh in the process of calculation is

he récoil of cylindrical and conical, homogeneous . and
;er’bars of the finite lenght of absolutely solid obstac—
/ i’ studied. The change of the resistance force of the
when it»genetrates thick multilayer obstacles depending
choice of front and back layers and taking into account
ormation and motion of cracks /6,7/ is elucidatad,

hg'basis of the phenomenological approach a mathematical
8 proposed which allows to describe the behaviour of po- v
adies effected by detonation products. The analysis of
ghock waves propagation in porous media /8/, and the com-
B with the experimental data are given.

he analysis of the shell scattering with regard;for de-

on and escape of detonation products depending on the de-
i

form P:‘P(P,e) where . O 18 the medium density, and € is the
internal energy. Consider, how the dependency P:‘P()O,(i) influ
ences the pilercing of thin obstacles. Let us carry out the com=
parison according to the dimensions of the opening which is for«
med in the obstacle. The collision is carried out by the normal,
and the dimensions of the opening are chosen using the impulse
mechenism of destroying /3/. The solution is carried out numeri~
cally following the modified Harlow method /4/. The results of
comparison by the diameter of opening D/d depending on the col-
lision velocity U, with the experimental data are given in
Fig.I for the obstacles of aluminium alloy 202I-I3 and for alu=-
minium strikers in the form of balls of the diameter d~3%.2 mm.
The calculations were carried out for the dependence P:(X—I)ye
and for the Osborn equations. It is to be noted that thereat the
finite dimensions of the opening coincide, but the calculation
time on:a computer at equal initial parasmeters in case of the
Osborn equation is considerably smaller than in case of the ide~
al gas state equation. This fact is confirmed also for the cases
when the obstacle materials are iron, nickel, copper and fabrice-
-based laminate.
At the impact velocity in the interval 0.6 sM %5 the indi=
vidual properties of the material do not influence the dimension
of the diameter of the opening depending only on kinematic para-
meters, With the growth of the collisiom velocity the diameter
of the oﬁening in the obstacle decreases beginning with a certain ,
critical impact velocity in the interval D/dlu;;og. ‘References
To model the processes when the collision velocity /H0<.0-75
is much more c¢omplicated. Therest it is impossible to neglect
shift components in fgij' i,e. the strength properties of the me-
dia are important. The question about the closuyre of preservation
laws is reduced to setting the equation of the process and the
thermodynamic equation. The detailed analysis of application of
different models to the solution of the given class of problems
is suggested in works /2,3,4/. By the results of comparison of
numerical calculations and experimental data on the damping of
the shock wave front in me%sls when they (the latter) are charsed
by the contact explosion or by the impact, the limits of the ap=-
plicability of different models of a continuous medium are esta-
blished. It is shown that {he Prandtl-Rice elasto-plastic model
gatisfactorily describes the process in the given interval of the
chargihg velocities, Further on it is recommended to use this
rather simple model for the solution of the collision problems

‘of the behaviour of detonation products is carried out.
dependences o = 22 and & = al 10' on = £Les , ara
ted'where Up is an ;verage mass shell velocityjﬁfiﬁ de-

n and U4,  without destruction, o' and @° is an~external
tial chell redia, A{,, and AL,y is the mass cf an explo~
ubstance and the mass of the shell respectively. Thereat it
yqut that in the interval 0.3<p < I there exists a fall
ugh~in'd from 0.97 up to 0.73, i.e. the shell velocity and
"9 of the: absorbed energy decrease considerably.

Stanivkovich K.P, Non-settled motion of a continuous medium, -
Moscow, Nauka, I97I. .

min V.M., Khakimov E.M, Numerical modelling of compression
aves and breakdown in metals.-PMTF, N 5, I979.

F@min V.M., Sapozhnikov G.A.; Deribas A.A. et al. Shock waves

danping in metals when charging them by contact explosion,
BGD, N 2, 1979. e Y rproston

Fomin V.M., Nesterenke V.F., Cheskidov P.A. Damping of str
shock wave in laminated matérials. PMTF, N 4, ISB;? one

Pomin V.M., Gulidov A.I., Papirin A.N. et al. Experimental-
theoreticai study of short bars recoil of s i‘d
TS N o T5gns 0lid obstacle,

Fomin V.M, , Gulidov A.I., Yanenko N.N., N i
body penetfation in elasto-plastic appligggiéﬁ?1I§?d§%%%€§mgf
of Mathematics and Mechanics. SO AN SSSR, Novosibirsk, I983,

] min V.M., Gulidov A.I., Shabalin I.I. Numerical modelling
of breakdown by sound. In: Mechanics of Rapid Processes, IGL
 BO AN S5SSR, Novosibirsk, I1985.
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8. Fomin V.M., Staver A.M., Cheskidov P.A. Strong shock waves , EFFECTS BY “SHELL PULSED FRACTURE
structure in powders. In: Numerical Methods of Problems So- :
lution of the Elasticity and Plasticity Theory. Materials of
the 8th All-Union Conference, ITPM SO AN SSSR, Nevosibirsk

1984,

vanov, V.I.Tsypkin

ute of Chemical Physics, USSR Academy of Séiencea,
w; USSR

D‘d £Sld lecerit years investigations in dynamic fracture of geometri~
h i ike objects (tubes, vessels, material samples) /1/ showed
0.504 0S51bility 6f strong scale effects (SE) upon object fracture,
0.384 arded in fact in present strength theories. This initiated
1 0.256 search of ways to depart from strong SE exhibition under dy~
g Dading and stimulated the study of dynamic reaction and com-
0.04 "fShell fracture peculiarities under extreme pulsed loads,
In references /1:2/ strain and fracture of cylin%rical glass-
nforced plastic shells including geometrically liKe ones, we-
Uo xperimentally tested. Shells, whose cavity was filled with wa-
1 A 3 A H 1 i A i A e -
0 2 4 5 d 0 or alr, were subjected to single and multiple loadings when

spherical explosive charges which are initiated at their geo-

Lcal centers. The measure of the Shell specific load was a

dimensional parameter ‘g’— the ratio of explosive charge wei~
the shell weight,

Experimental investigations permitted to determine the main

ires of dynamic reaction and glass-reinforced plastic shell

ture under extreme pulsed loading. '

1. Shells deform elastically right up to the fracture. Elas-
odulus  {circumferential) of glass-reinforced plastic does

,depend on -the strain rate in the range of 101 - 1.5-103 1/8.
For shells of different scales single dependences of maximum

brmations and rates on }’ parameters were obtained,that is,
whole process of blast loading and dynamic reaction of shell

geometric simulation conditions is automodel,

2. Ultimate (on the fracture threshold). dynamic strain of

ally symmetric shell tension in the first phase of expansion

> 4% and does not depend on the pulsed loading nature (water

r medium filling the shell cavity), specific size (scale)

_relative shell thickness. '

3. Glass-~reinforced plastic shells do not show appreciable

sltivity to defects. The existence of even rough defects (thro-

~thickness cracks) in the shell does not result in considerab-

lowering of its strength by subsequent loading and in fact has

Pig.I. The results of comparison by the diameter of opening
depending on the collision velocity: 3/2

o,p , O - experiment ——— « D/d= 0.45 Uo(ts/d) +0.9; mm,
¥ sase =— calculation.

05

P

o

?

: influence on the dynamic strain parameters.
Fig.2. Dependences of ¢ and £P onf) . : ¥ p
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4, The strength of glass-reinforced plastic shells under
pulse loading is limited by dynamic compression strain. So, ‘the:
shell cavity filled with water allowed the compressive strain
restriction to %1% and all the tested shells (with /R from
3.8% to 27%) did not lose their strength upon the strength up to
4%. If the shell vibrations would rather teke place {the cavity
filled with air) after pulse loading has occured, the shell lo-.
ses its strength under significantly less strains {(~ 2.5% and
~ 1,5% at J/R = 16% and 5%), the fracture happening in the firs
or subsequent compressive phases and a relative shell thickness
becoming an important parameter affecting its dynamic strength.

5. The dynamic strength of glass~-reinforced plastic shells
considerably dependson the loads number. The more intense strengt

. reduction is observed by realization of free steel vibration.
Thus, the increase of free shell pulsed loads number (from 6‘/R=
= 16%) up to 23 results in its breaking strain reduction by a fac-
tor of 2.5 (from 2.5% to 1%). In this case the logarythmic damping
decrement of radial shell vibrations equal to ~ 0,05 with the fir
8t loading (at the strain level ~1%), increases up to ~ 0.4 with
the 20-th loading. '

6. Glass-reinforced plastic shells have higﬁer strength un-
der blast loading compared with steel ones. This difference is
particularly important for large-scale shells. '

,'A. L and A are typical stress, material Young's mo-
becific fracture work per surface unit, typical object
rm'and stressed state factor. For the two geometrically
Jects the condition /1/ may be written as

34/6, =V Ly/1y (2)

e results of some investigations by internal pulsed loa-
geométrically like steel vessels and glaess-reinforced
lc tubes are presented in Fig.1 and 2 in the process of their
ng up with standard pressure air and water,respecti&ely. Pa~-
T ?fis used as the quantity characterizing the loading ra-
jasistatic pressure analogue).

Experimental results, given in Fig.1, showed that by filling
(tubes) with air the fifteenfold increase of vessels re-
'fh strong SE: the 15 reduction by a factor of 15.7 with a
sneous transition of fracture into the elastic strain regi-
e similar increase of glass-reinforced plastic tubes by a

r of 9.3 accurate to the experimental error did not affect

r strength in any way. The f’quantity remained invariable.

n comparing the fracture of geometrically like vessels, that

h pressure boilers and glass-reinforced plastic tubes, fil-
with water, one can observe the analogous situation (see

2. .

nat 1s the reason of the glass-reinforced plastic behavi-
such as that? As has been emphasized above the main element
orce in this material taking up load and responsible for the

5 thread (fiber) of unalterable diameter (~10 ). That is
formula (2) one and the same quantity - the glass thread dia-
~ must be adopted as the. typical sizes L1 and L2. Really
emoved from the environment of. the breakdown extended several
ad diameters both with large and small objects, may be con-
to destruct (break-down) the thread. Then, according to
G, =G,. ‘

The conclusion of energic nature SE absence, responsible in

7. The development of the main-purpose structures, subjected
16 extreme pulse loading requires the sound knowledge of their
safety margin. Unigque character and high cost of the majority of
such obJjects exclude the possibility of obtaining direct data on
gsafety margin by reducing them to fracture. In this situation the
extension of model test results to the full scale structures is
possible only if reliable data on scale effects,disregard of which
may cause the catastrophe, is present. '
The nature of SE considering fracture (object separation) to
‘Béaneuﬂ:ofworkperform’is a consequence of a more rapid growth
. of elastic tension energy EE in the object by its geometrically
like enlargement compared with that of the work performed upon
" 1ts fracture with the regard for this, the necessary fracture con=
dition is particularly simple in writing for elastic strain regi-
on (where the left part is EE and the right one is the work per-
formed by the object fracture): ' »

@22

2E

nne,céses for unforeseen catastrophic fracture of objects made of
él is an important advantage of the discussed composite, but

does not rule out the possibility of statistical and technolo-
a1 manifestations of more weak compared with energetic SE of

zgle i
2 A7 12 Ci(i’z? . 1 erent nature.
L . -
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Fig.1. The strength geometr
forced plastic shells filled

£
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carried out review show significant advantages of glass-
orced plaétic in shell structures subjected to extreme pul-

aios A.T'., HoBmkoB C.A,, CHHMIHE B.A,, Huowirg B.HU,
baspyucnie MaTepHalOB M IPOCTEMwMX. KOHCTPyXimit

1 - BceconsH, MexBy 308,
6. Ilprws, BOOpPOCH MPOMHOCTH ¥ nacrudnocTy, I'opexmit, 1985,

iBanos A.T'., Usnxmn B.Y, HedopMamya v paspyueHHe CTeKIO-
YIbCHHX HarpysKax,-

» C.475-487,



INVESTIGATION OF PRESSURE AND SHOCK COMPRESSION DURATION

INFLUENCING THE RESISTANCE TO SPALL FRACTURE osgcillations of surface velocity due to spall pulse ap-

S
easurement was not made under the peak impact velocity
s) in aluminium samples, the pressure’ corresponded 64 GPa,
ace of loaded sample loses stability under this conditi-~
the rarefaction wave because of aluminium melt /6/. The

3 ntuof light reflection is sharply decreased and data

S.V.Rasorenov, G.I.Kanel!’

Institute of Chemical Physics, USSR Academy of Sciences,
USSR

Spalling is a material failure produced by the action of ten-
sile stresses developed in the interior of body, when two decome
pression waves collide /1,2/. ; values of tensile stresses under spall condition & *

The most direct and authentic methods to, determine the stre etermined from the profiles of velocity W(t) as /7/:

gth under conditions of spall fracture are thbse, based on con-
tinuous recording of velocity of free-surface samples /3/. ‘ 6 = —l——\fgco(z)w + S'w),
The samples of aluminium alloy AM16M, stainless steel X18H1 2
copper M2 and magnesium Mai 1,8-15 mm-thick and more 80x80 mm2 ~ "f% is-initial density of material, ¢, is sound velocity,

cross size were loaded by the impact of flat projectiles 0,2-5 mm- velocity difference between the first maximum and the first
thick or detonation explosive directly contacting the samples to ifw isthe correction for the influence of elasto-plas—

change shock loading duration. In order to study the influence o . ehavior of material.The values of spall strength under the

uration practically don't depend on the shock compression
ude and were 4,16+40.06 GPa (6.5< P <77 GPa), for titanium
'-b 6340.03 GPa (5.6 %P <70 GPa), for aluminium alloys
6 20, 93+o Oh GPa (24P =56 GPa), Am &%-o0. 85+40,05 GPa’

shock compression amplitude on the spall strength the samples of
aluminium alloys AMz6M, AD1, titanium alloys BT5-1, BT8 and rout
ne steel 4-10 mm~thick were loaded by aluminium plate 2 mm - thic
with the impact-velocity from 660 m/8 to 5300 m/s. The sizes of
samples and impactors provided conditions of all experiments on
~dimentioned.

A continuous recording of sample free surface velocity was
carried with capacitor gauges /4/ or with the help of laser inte:
ferometer /5/. The time resolution of surface velocity growth in
shock wave front is about 10 nc,

In the cases of aluminium and titanium alloys the temperatu
re of unreversible shock heating of material after a shock comp=~
ression and release under pick pressure reached 800 °k and 1100
and summary deformation before the fracture was 65% and 50% acco
dingly. '

Fig.1 shows a free-surface velocity - time profiles for tit
nium alloy BT5-1 samples 4 mm-thick. They were loaded by aluminiu
plates 2 mm-tnick, which have been accelerated to high velocitie
€60 m/s (1), 1900 m/s (2) and 5300 m/s (3) by explosive plane wa
va generators, The exit of elastic-plastic compression wave on
free surface led to its rapid velocity grthh. The further veloc
ty arcp is determined by the exit of rarefaction wave. A small

- The absence of the temperature influence on the resis-
to dynamic fracture can be connected with the transition
tivationless mechanisms of plastic deformation and fracture
high strain rates.

1g.2 shows the results of the spall strength measurements
variation of shock wave duration and amplitude for alloy
_in the form a fracture stressesqi* versus strain rate

-1/2 w /Co. In the boundary of the measurement error the
ntal data is explained by the relationship:

8" = 0.093 (_vr-o)o.z (v

8imilar relationships were received for other metals /8/.
‘the basis of the experimental data and the notions about
ent fracture by concentrator of stresses and’by viscous
of voids the semi-empiric kinetic relationship suitable
the calculations of spall fracture in wide range of shock

hg parameters was obtained in form /9/
precursor before the shcck wave is caused by air-wave before impacs

16| -6‘03—T+3)(VT + K, 8") sign (¢) 16‘176{;v%;; . (2)

tor {(curve 3). Fracture of material by tensile stresses produces
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where Gfo is initial threshold of fracture between real break
stress under static conditions and spall strength; a = 0.01 V
K1, K2, ndre constants, The initial fracture speed is V

eI T'.}., Pasopenos C.B, %opros B.E. ‘OTKOJILHaH IIPOYHOCTS
: "QJJIOB ‘B WHPOKOM IHAarnazoH ! ! -
T CP, 1984, T.279, ﬁz, c’1~p.§66fg$%?bnoom Rarpyssn. - Al

Kanears T'.U,, Pasopenos C.B, opros B.E, Kuyweruxa

Paspyme-
HIA ATOMPHMEBOTO cmiana AMr&M 1 _
1984, ¥5, crp.60-64, B YCIOBUHAX OTHOJZ, IIM%%

T-
-K1K2€5n+1 and the constants n and the product of K1 into K2 can
be obtained from the experimental relationship (1).

Fig.3 shows by the dashes calculated profiles of free-surfa-
ce velocity, using a fracture kinetic in form (2). They are in

good agreement with experimental profiles (continuous lines),

thus a proposed fenomenological model of fracture provides a suf-

x

00
ficiently good description of spall phenomena in wide range of

strain rates.
Thus the value of spall strength increases less than two

times under decrease of initial compression pulse duration by a face

tor of 100 and doesn't depend of loading intensity; the temperature

and deformation before material fracture don't influence the spall :

strength value. It is determined, probably, by initial material - ; 800 :

state, that allows to construct a more simple models of material

behavior under fracture,
The authors thank L.G.Ermolov, who made invaluable contribu=

tions to the experimental program.
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RANSPORT PROPERTIES OF NON-IDEAL GAS-PLASMA MIXTURES

N.N,Kalitkin, P.D.Shirkov
M.V.Keldysh Institute of Applied Mathematics, Moscow, USSR

High-pressure plasma is formed in capillary discharges,

ng shock waves etc. Such plasma contains many components for
cplar substance: moleculas, atoms of different elements,their
nd electrons. The charged particles interaction leads to

ng non-ideality of plasma. ’

1. Transport coefficients calculations in such plasma need
tly to find plasma's composition, i.e. to solve the system of
ical and ionization equilibrium equatlions with non-ideality
ection: for lonization potentials., Extra-fast algorithms,which

17° /Al 0% V5,87 10°

Fig.,2., The depending of aluminium AMz6M spall strength versus
the strain speed under duration (© ) and amplitude (A ) change
on initial compression pulse,

;5
M f‘—\M\~“‘“\~Eiffj\\\\\\\ P gand less than 200 arithmetic operations of any essential com-
600 ;10mm TEEeEEETL e nt of mixture and allow to use the same formulas for calcula-
! in wide region of temperature and density, were developed '
f m for solving this problem, Those algorithms are based on:
400 ! he range lowering of initial algebraical system; b) non-inter-
; bbvfjrm ing variables secretion and their beginning approximation;
/5 4 ) n effective iterative method using.
o | 96mm ¥or real mixtures the lowering of the range of system for
2 | &/QVLA  han an ‘order can be obtained by exclusion of the equilibri-
! N i
| ctions expressions from initial system of plasma composi-
!
y N
Cuntentrations of ions with prevail charges in mixture are
0 ihterrupting variables. The charges of prevailing fons and

2 m/us

Fig.3. Profiles of free-surface velocit iniu
y W(t) for al
ggmgigsiAMzéM under ;f pulse duration change? The coﬁgigiggs
ng were: explosive plate generator (1 i
thick (2) impactor 0.19 mm thick 3,4), (1)y tmpactor 0.4 o

beginning approximations for iterative method are defined
hermodynamic co~ordinated d e c omp o s i t i on model

) /2/. This model have a 3% accuracy in the region of its
ical application and allow to compute the chemical and ioni-
on equilibrium by obvious formulas,

The iterative method based on decomposition of nuclear ba-
¢ equations from charge balance equation /1/. In this case
ore than 13 outside iterations by ionicity and 1-2 inside New-
iterations by concentrations of prevail ions are required
Composition calculation {for example, of nitrogen-oxygen
ures) with 0.01% accuracy in wide region of temperature and
ity changing.

Tﬁose algorithms allow to use in calculations: a) -moleculer

255

TR




and electronic energy levels excitations in particles; b) ionic
potentiales correctien and statistical summes limitation by char=
ged particles interactions,
2" Semiclassical theory /3-5/ is good for electronic conduc-
tivity description in classical plasma with any non~ideality.
This theory is based on linear Boltzmann equation for electrons

and cnly use two-body interactions. )

Charged particles scattering is described by Debay pseudo-
potential., Their crogs-sections is calculated by quantum-mecha-
nics rules, interference is allowed for electron-electron scatte
ring (the first Born's approximation is enough for accuracy and
use simple formulas), In contrast to classical theories (such as

Spitzer theory, for example), there is no any integral divergen~ -~ -:: ,:
cies in this case, B
=

. It is necessary to solve linear Boltzmann equation with ac-
éuracy. Well-known Chapmenn-Enskog method is more economical;
usually already III-IV approximations gives errors less than 1%,
However, there are some examples of bad convergence for this me-
thod, It is useful to take problem to Fredholm integral equation
with one variable and then solve it with difference schemes /6/.
Electronic conductivity and electronic component of heat -
conductivity depend on scattering parameter b=8D2T (D-Debay's ra=
diﬁs) for fully-ionized plasma, but not on non-ideal parameter
I -(DT)'1, which is always used in classical theories. The Fig.1
showsthe coincidence of this theory with some expirements and
other author's theories; it is obviously, that this theory is
single which describes transport properties of plasma with strong

P Y & F Y " Vi Lk J
, -10 -as 0 a5 14
1s 0 ~ expirements of different authors:

iven theory for T=25000 K and T=12600
’ - K;: 2 - .
,’ould, De witt; 4 - Kihara, Aonoj; 5 - Drémin, ggiﬁﬁsf'

g Gnt)

non-ideality.

3, New method /7/ for reactive heat conductivity calculati-
on of equilibrium mixture was developed in bound of kinetic the-
nry. This method more fully describes processes of energy trans-
mission by chemical reactions, particles dissociations and ioni-
zations of mixture, excitations of their moieculas and electronics
levels,

This method is less-~labour-consuming than previously known.

W

It based on graaients of concentration of mixture components de- . A N :
v bas _ - R o -3 -0z faf 0 a1 a2
firition; these gradients are calculated immediately from chemi- Heat duct d
) - ; : condu
cal and lonic equilibrium system, It's necessary to solve the 1i= régen plasmg %Xitgtﬁngt;t's §§3§E“§2{§u§fti°"-tgmperatu~

! : - atlon: - -
near equations system, which order is equal to quantity of ele~ ; OﬂpOnent, 2 ~-conductive components, 3 - regctive gi;f

y 4:- their sum:; - - - Devoto calculation; expirements:

ments from periodical table, compounding the mixture.
The Fig.2 shows the coincidens of such method with expire-
2956

Asinovsky and ..., ¢ - Hermann, Schade),
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7ERACTION OF A LASER BEAM WITH A HIGH PRESSURE PLASMA AND

ments and estimations of other authors for heat conductivity SHOCK COMPRESSED SILICON

.nitrogen plasma. )

Yu.B.Zaporozhets, V.B.Mintsev
gngtitute of Chemical Physics, USSR Academy of Sciences, ,
SSR
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The experimental results of the laser beam (3 = I.06 jpm) re-
ion from dense xenon plasma at high pressures.and shock com-
Bed silicon at a semiconductor-metal transition region are
ented. Reflection characteristics and possibility of the es-

n of “the electron properties of the substance under high
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_Generation of the chosen states was carried out by the me-
_of the shock wave compression and heating of the substance.
riments were performed with the explosively driveﬁ generator
sctangular shock waves /I/. Laser beam was introduced into
xplosive chamber with the aid of the special. optical system
wag fixed after reflection from the sample by the photomulti~
s provided with the interference filters (AX= 200 A). The
fic power of the laser beam was varied in the range IOB—IO5
+ Optical reflectivity factor R was determined by comparison
ha;probe and reflected radiation collected by the ring lens,
rder to debermine the parameters of the substance under shock
qression the speed of the striker and thé shock wave speed in
sample were measured in eVery experiment.
easured values of the nonideal xenon plasma reflectivity
shown in Fig.I /2/. Measurements were carried out at pressu-~
rom I.6 GRPa up to I7 GPa and plasma densities from 0.5 g/cmd
4 g/cma. Strongly heated (T~5'IO4 K) plasma with consider~
oulomb interaction ([*= eEkT/IL = 2-7) is realized under
conditions. For A= 1.6 pm electron density is higher than
 critical one n, = 10°Len=2 (lock &t the arrow in Fig.I). The
dimensional structyre analysis of ionizing shock wave shows
' hat the photoionization of cold gas doesn't influence '
mission propagation. Avalanche thermal ionization kinetics
s shock front three<dimengional structures with characteria-
izes I-2 orders of magnitude less than the laser wave length.
& circumstances justify the employment of Frenel's equation:
Vg:—%la, where &- complex dielectric constant E=1 -~ ‘{lze] .
timate high frequency conductivity & experimental data on ’
tic conduetivity Gb /1/ of xenon plasma were used. The curve I
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in Fig.I is calculated with the Drude's formula ¢ = G, (I~(w/y

"The curve 2 is the extrapolation to the high frequency region 35 73 @3““"“ 167 P6Po

the integral relation 6~&,{(V -iw)—1v3(_g_§)dv, which describa Vol

high frequency conductivity more accurately in the case of the — .

strong dgpendence of the electron collision frequency on the e - ff”WEEZ/

ctron energy. The divergence of the theory and the experiment I*”EME1’~“'"“

low densities appears to be the indication of the existence of e - i
the edditional mechenism of the electron scattering., It may be “>_M_~wmm_%_
the scattering on thermal Plasma vibrations /4/(curve 3. > o i‘*——“g‘———“ipgec‘ T' L W] R
timate the value of the collision frequency the calculations g {45 87 724 Vgigguﬁ b J 1
V/w = const approximstion were made (dotted line in Fig.2\ It! 38 45 51 38 &7 r te &

8een that the best agreement with the experimental data can be
obtained at Y/ = 2.
To explore silicon reflectivity we use p-type monocrystals
With the specific resistance 40 Ohm-cm, thickness I.5 mm, disme
ter I5 mm, The lower side of the Sample was cut out perpendicul
to the [III] direction, while the upper side, to remove interfe
rence effects, was cut out at the angle 2.50 to the lower side.
The typical oscillogrsph record isg shown in Fig.2, The
tlal radiation intensity I, corresponds to the lager beam refle
tion from the upper and the lower sides of the silicon crystal

Fig.I. Xenon plasma reflectivity ve., plasma density.

Fig.2. Typica; oscillograph record.

(moment to) laser beam reflection from the lower side disappear
;ntensity II corresponds to the reflection from the upper side
only (R~30%), When the plastic waves reach the free surface (n
ment tI), reflected radiation intensity increases up to the val
I2. Silicon reflectivity conserves during several microseconds
to the moment, when the temperature noise emigssion of the airp
shock waves masks reflected radiation,
Unloading‘silicon reflactivity versus shock wave pressure hi
bresented in Fig.3. It is seen that silicon conserves its initia
reflectivity R~30% at PAI0 GPa. Over the pressure fange P~I5+]
GPa the reflectivity abruptly increases up t6 the value R~80%,
The results of the silicon conductivity measurements obtained in
_dynamic (curve I) ang static (curve 2) experiments are shown in
Fig.? also. We uge these data for silicon reflectivity estimatio
(curve 3), Tt is seen that there is reascnable agreement with oy
experiment. This fact allows to determine the lower limit of the
static conductivity values of the silicon in our conditions (fo

20 0 w0 50 R6Ra

Fig.3. Unloading silicon reflectivity

vs shock pressure.
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the charge carriers concentration11PIOZIcm
shock wave compression at P2
after adiabatic unloading, or transfo

ON THE‘COMPRESSIBILITY OF CONDENSED GASES IN THE MEGABAR

Presented results show, PRESSURE RANGE

that the silicon metaliic phass w
"” 18 formed under
I5 GPa. This phase either conserve

P.Kalinin®, V.B.Leonas®, I.D.Rodionov?, I.P.Rodionova?
rms to a new metallic type

Irhe Institute of Problems in Mechanics, Academyof Sciences

-phase. _ of the USSR, Moscow, USSR

References ’ ,EM.V.Kaldysh Institute of Applied Mathematics, Academy of
‘Sciences of the USSR, Moscow, USSR :

I. Qopros B.E., fxyGor H.T., dusmxa HenneasrHOR ILnasmu, 1984 -

2.  Banopoxen 0.B., Mumues B.B., ®opron B.E., BaToBckmit O.M, This paper is en attempt to fill the gap in the data on the
ggggmggnégxgggeﬁggg Hﬁ;.fryﬁlgm oT ¥,ua%go—cxcaToﬁ IVIa3MH KCE= 4r pressure range compressibility of condensed gases. The
1343, » SHcwva KI%, 1984, 1.10, K2I, c.I339 stion of the data is based on reliable interatomic pobentials

3. Beannosuy i.B., Pattaep 0.0. dusnka )ﬂ/ﬂaﬁHﬂx BOJH ¥ BHCOKGTE The latter in turn were obteined from high energy molecular
IOPaTYPHHX TUINDONMHAMUYOCKAX SRJIGHY . M.: Hayxa, 1966. ' amall angle scattering measurements. The conventjonal methods

4. Bg—}’{gﬁB A.A., Kypuienxos 1,K. SNeKTPONPOBONHOCT ILIA3MH B 1 mpressibility determination (a shock-wave compression, an
gapmy,l;:alllgggl}ei‘mé{g'fﬂggreg gg KISISE- Temnofusnka BHcoKMX T8 ropic compression, a diamecnd anvil static compression) do not

. 'y . i - '
Sanopoxen l.B., Mummes B.E

- JAYecko! da3n mpm cxaTim KDEMHUA YISDHHMA BOJHEMMA. B c6. :

reliable information on the low temperature (T=0,K) compres-
1ity for the pressures P higher than 0.5 - I Mbar, At the same
the applicable theoretical models are well justified under
highest pressure and require for the independent check at the
bar pressure range. In this paper the results for helium and
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_ The high energy beam scattering data (reduced differential
ring cross—section P @ end integral cross-section § (7))
y Were measured using the experimental set up for fast beam
l-angle study. The measured ‘P ’ a ve T dependances were. in-
ed to derive the short range pair interaction potentials, By .
ining: ‘them with the thermal range measurements data we propo=~
& potentials covering the energy range 0,I-20 eV (Fig.2).
hese Potentials are compared with the available effective
aa cbtained from the shock 'compression neasurements /I,2/
geveral empirical potentials /3, 4, 5/ (Fig.3). The close ag-
ent of the effective potentials for He-He, HZ-H2 frou /I/,/2/
our palr potentials allows  to make an important conclusion
neny-body interaction effect doesn't play a significant role
he investigated pressure range (PLI Mbar). This conclusion
radicts to the one made in /6/.

The potentials obtained in present work were used to calcu~
,th.e high pressure compressibilities for a number of condemn-
géabea. In this calculation we assume that Ffor P 20,5 Mbar the
ture can be taken as corresponding either to a close-packed
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Thus the total energy per one molecule is equal

» N
I ;
B = v R. - RH. =6 V(d

(1)

where d=I.I24 V1/3 is the nearest neighbour distances, V - the.
single atomic cell volume. The  assumption on the energy additi~
vity (I) can be justified only when comparing with the indepens
dent data available. The (T=0,K) compressibility can be calcula=
ted from the formulae P=- 3E/p V.
The calculated T=0, K compressibility curves for condensed
He and H, as based on the empirical pair potentials of the pre-
sent work are shown in Fig.?. Por the comparison the other theo=
retical and experimental data are depicted in Fig.3 as well. For
both the high and submegsbar pressures these comparison displaye
a gratifying close agreement between our calculated and indepen-
dent compressibility data.
In summary, we have shown that the many-body interaction
effect play negligible role in the discussed pressure range and
it is possible to calculate the compressibility of condensed gas
in the megabar pressure range on the bases of the pair interacti
potentials. It is noteworthy that analogous agreement were obtai-
ned in the cases of neon, xenon, nitrogen, carbon oxide studied
as well,
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parameter as XT"X%o(VT/VTo)q' N (3)
re qu [ (alnx Y/ (3 1nv)] p+ The Debye temperature 8 is consi-

ed to be only a function of volume (afadln 8/d In V). Using
ebye temperature {is represented as

THERMAL EXPANSION, GRUNEISEN PARAMETER AND DEBYE
TEMPERATURE OF COESITE,STISHOVITE AND PERICLASE

A.M.Doroshev, V.M.Galkin, G.N.Kuznetsov
Institute of Geology and Geophysics, Novosibirsk, USSR

Op=OpoEXP( (Y 1o ) /4) (4)

The knowledge of the thermal expansion of - high pressure mi-
nerals is fundamental both in theoretical and experimental apprd
aches to the clarification ot the equation of state of the Earth
interior. Adequate representation of the thermal expansion data
as a function of temperature is necessary to provide the inter<
polation between the temperatures of the measurements and for the

perature dependence of KT is evaluated from thermodynamical

ntity (OK/dT), = - Ky (2K/2P), : (5)

. .
ipg the derivative K -(aK/aP)T as constant upon integration

e have K= K
aim of high and low temperature extrapolation, ) v ¢ B KTO(VTO/VT) (6)

The use of equations formulated as power series in tempera<
ture for the representation of the temperature dependence on the
thermal expansion is of common practice. However, similar expres
sions of thermal expansion may not be appropriate to predict or
to extrapolate the expansion at the temperatures out of the measu{

er substituting Eq.(1), (3), (4) and (6) into (2) within the
pe of the approximation (3) and (6) we have the precise exp-
ssion of molar volume as a function of T,

Vo y © K
T 1, O1ye Kry
red range. It is desirable to use the equation based on the theo-

ry of thermal expansion to minimize the errors in such extrapola-
tion.

T .
VosVog (1 4% } D (1+¥ [ b aT)k'*9 g7), (7)
To To

e P ,3R05 ’Iv‘o/KTovTo‘

e fitting parameters to be calculated from a set of equations
are of explicit physical meaning: VTo = molar volume; [fo =

Theory and calculation procedure, One of the objectives
of'the present work is to develope a new method of approximation
of thermal expansion data based on the connection between ther-
mal expansion and heat capacity by the thermodynamical value of
Griineisen parameter. In order to express heat capacity as a fun-

’ eisen parameter; BToxDebye temperature., To define the un-
owns the least squares technique and iteration procedure ha-
been used on the truncated Taylor's series expansions of the
nction (7).

ction of temperature with few unknowns we use Debye representa-
tion in the forﬁ‘cc=3ROD where D is defined by

C 3 e/T xhex P perimental procedure. The phases under study were synthesized
D=3(T/0) =5 dx, (1) o

3 (e%X-1) . om analytical oxides. Coesite was produced at 1300 K, 5 GPa
r\tyo hours and stishovite was prepared at 1600 K, 12 GPa.
~ Thermal expansion was measured by the powder diffraction
thod ‘using an X-ray diffractometer "DRON-3" equipped with hea-
ng and cooling systems and Cu radiation. Reflections used for
e determination of the unit cell dimeusions were obtained at
scanning speed at 1/4 or 1/2 per minute, using silicon as an
ternal standard.

R is the gas constant; ¥ is the number of atoms in the molecule
formula; © is the Debye temperature. By substituting the eqdationf
for the heat capacity into Grineisen relation 'x =0(KT v/Cy and
integrating it we obtain

T ]

Vo = Vo 438V L2 gr, (2)
T To T

0 KT ,

sults. To check the accuracy of the measurements, thermal ex-

where K, is the isothermal bulk modulus, To set up the functioén ion of periclase was measured, The velume thermal expansion

under the integral as a temperature function we specify Grinei= i
269
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data obtained for Mg0O in the range from 96 to 650 K were foundi
to agree with that obtained by different methods /2,5/ within
0.05%.,

"Unit cell parameters of coesite and stishovite were detere
mined in the same temperature range. Changes in the lattice para
meters were fitted well with second degree of polynomials (Tab=
le 1).

The Debye temperatures of the phases obtained from the ther-
expansion data agree with those calculated from heat capacity.
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Table 1. Coefficients for the equations F-XO+X2T+X2T2 relating
unit cell parameters and temperature

F/y X, X,x10° X,x108 - [4(298)x10%

Coesite

a,§ 7.1357(3) 5.3788(16) 2.4127(21) 2.77 : oxide, - J.Appl. Phys., 1966, v.37, Noi, pp.430-432,
b,A 12.3678(4) 2.5679(26) 2.2133(36) 1.27
C,A 7.1726(3) ~3.4116(17) 1.2061(23) 0.53
prdeg. 120,355(1) -50.94(32) -19.743(44) ~0.14
V,om’/mol  20,5595(16)  13.2835(99)  -19.3681(14) 6.25
Stishovite
A 4, 1777(4) -6.2(3.4) 4.,04(6.8) . 4.27
c,h 2.6661(5)  -8.6(4.1) 2.47(82) 2.28
“Vyem/mol  14.0109(33) -85.(29) - L.o(e) 10.8

Thermodynamical properties of the phases unier study deri<
ved from Eq.(7) are listed in Table 2.

Table 2. Thermodynamical properties of periclase, coesite, sti-

shovite
[ Periclase l Coesite I Stishovite
Kq(GPa) 162.8 /1/ 96.0 /3/ 316.0 /J4/ ‘
K" 3.8 /1/ 8.4 /3/ 4
q ) 1 , 1 1
V{cn3/mol) 11.2478 20,5804 (4) 14.0228(9)
: ’ 1.495(6) 0.303{15) 1.441(56) -
6 (K) 750(18) 1021(68) 1169(82)
ol y(x100K-1) 30.78 6.25 12.62
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 'on of conducted experiments was carried out. The equation
describing mass conservation laws and the quatity of solid
sped medium was solved by the through technique according
16 "eross" disgram in Legrange /4/ coordinates, and we used
yquation of medium condition, Hooke's law for the deviation
onent of the strain voltage temsor and the contact between

e flow and elastic shear velocity.

v u
Lo 5t~ g’g- o

u
o %fA*a =0
p(V) + 4/37T,

(o) (- 2 =¥ (@,

v 1-29
= Tfo(GO + ©6b mp).

VISCOSITY OF COPPER IN SHOCK WAVE FRONT

O.R.Osipoval, S’.V.Rasorenov2

gInstitute of High Temperatures, Moscow, USSR .
“Department of the Institute of Chemical Physics of the USSR
Academy of Sciences, USSR

At deforming velocities to 1035—1 the strain of metal flow
is described by log dependence /I,2/.
Ty = Tpe +o«L1n(F /1) (D
where TTC is the flow strain 'at quasi-static deformation; j is the
deformation velocity;e( , A are the constants of the material. For
analysis of impact wave evolution in metallic materials informa=
tion is needed about resistance to deformation at more higher vas
lues of Y . Extremal high velocities of deformation are developed
in the impact wave front. Investigations of impact wave structure
give information of material properties at'i)€>IOBB—I. In this
papsr measurements of impact wave front width with an intensity
to I0 GPa are carried out and copper viscosity is estimated at ‘de-
formation velocities to 107s7T, '
Bvaluation of impact wave front width with an intehsity of =
>4 GPa have been carried out by determining the pressure pulse
transmission completeness in Al barriers of different thickness,
Al foils of a thickness of 7 to 200 pm were rolled on the polish-
ed surface of a copper specimen of 12 mm thickness. The velocities
of foil barrlers in vacuum impacted by an impact wave in the spe-
cimen were measured. As it is shown by simple analysis of wave in-
teractions in coordinates pressure p ~ mass velocity u the Al bar-
Tier gains a higher velocity than the copper specimen surface be-
cause of dynamic elastance difference. However, if the barrier
thickness is comparable with the impact transition width or is
less than it the barrier velocity decreases on the contact boun=
dary because of free surface influence on the process of impact
wave reflection /3/.
Dependence of foil barrier velocity w on their thickness d\ia
obtained by using electro-contact transducers. Measurements show-
"ing experimental data spread are given in Fig.Il for an impact wave
with amplitudes 6.6 and IO GPa (solid curves). The experimental ,
results demonstrate the velocity decrease of the foil barrier with
decreasing in its thickness.
Tc devermine copper elasticity characteristics a numerical

(2)

13

_Herejoo is the material density in the initisl state; V is
. Bpecific volume;Grx is longitudinal normal voltage stress; T
meximum shear stress; Cyo b are linear expression indices for
srial impact adiabaty G is shear modulusj y’is maximum
formation velocity; Vv - Poisson's factor. Stress and deforma-
Wi are assumed positive under compression. According to /5/ for
per'J)o =.8.93 g/cmz, c, = 4 km/s, b = I,5; for AlJQO = 2,71
'm b Gy = 5,34 xm/s, b = I.36. Sound velocity measurements give
. copper G = 28.5 GPa, V= 0.407; for Al G = 22.7 GPa, V= 0.366.
During numerical solution of the system (2) splitting due to
hy ica1 processes was applied. At first mass velocity value cha-
5, specific volumes and stresses at frozen elastic deformation,
_stress relaxation as a result of elastic deformation at fi-
ﬂvalues of specific volumes have been calculated on every time
yer. As for determination of the structure of an impact wave a
ther tiny step along the coordinate (5Imm) must be used, the
ICuiation was carried out within the boundaries of the mobile
anélytical layer, moving together with the impact wave. The ana~
-{¢al layer width varied in the process of calculation and in
cases it was choses large enough to provide final parameter
tablishment behind the impact wave and to exclude influence of
is Sohndaries on the reflection wave proceases on contact and
ree surfaces. ,
 Tnelationship of'g(T) is required and in some ranges it varied
the calculation. As the initial one we used the relationship
J with indices o = 2 MPa, A =.3°I1077s™1, determined according
5 the results of analysis of copper hardening ‘curves in the range
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of deforming velocities I0™5 = 163 s—I, shown in /6/. According”
‘to those data the quasi-ststic flow stress was determined as

Topg =p Yy

Thus dependence of elastic deformation velocity on stress for <z
is described by the relationship (I), and for £>T° by the rela-
tionship '

y= (T-e )My

Vslues of Z‘,'Z,are determined from the equations of strega

[ S——
ges and their derivatives at the dead sector place. = { ~4
Fig.I shows gained from calculation of dependence of Al bare i Sod-z=zzgosmzos Sl
riers velocity on their thickness for impact waves with intensi . /{i, 0
ties of 6.6 and IO GPa in coprer {dashed curves). Values Np are soolL!

given at curves in Pa-s. Analysis of preliminary calculation ré~
sults showed that Al barrier velocity depends essentially on ‘ac=
cepted parameter values of its elastic plastical deformation. Tn

3 I
all cases the calculated relations w(§) are arranged the lower ,3;’ R e —
the more resistance to Al deformation is assumed. /':///‘ 0

Comparison of calculated and experimental dependences w(f) “v;;é'
presumes to evaluate the values of viscosity endurance Qp. Fora
impact wave with an amplitude of 6,6 GPa the Qf value is near IQ 300
Pa+«s, for I0 GPa - S Pa.s. 0 23 S0 7% Gum

These values in order of magnitude are in good accordance
with the evaluation results (220 Pa*s) obtained from pore widen=
ing analysis when copper is chipped off /8/, At the same time'in

+I. Dependence of foil barrier velocities on thei
es6 for impact waves. eir thick-

~ o5

/9/ the upper evaluation of copper viscosity in impact waves
(=200 Pa-s) is significantly overestimated. CE
The authers are thankful to L.G.Ermolov for assistance in { QQ
preparation and conducting of the experiments. &
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QUASIZONE ‘MODEL FOR THERMODYNAMICAL PROPERTIES OF

croscopic-potentials of ionization are numbers, macboscopic po-
DENSE PLASMA '

ntials dre stochastically distributed variables with half-width

§ . For jonization from different levels these distributions
N.N.Kalitkin

s rrespond to quasi-zones in Fig,1. It requires a respective ge=
M.V.Keldysh Institute of Applied Mathematics, Moscow,USSR

eralization of the jonization equilibrium equations and leads
reducing the shell effects in the equation of state,
It may be seen from Fig.2, where the theoretical and eXpe-
ntal.data on strong shock compression of aluminium are pre-
ented (figures near curves and points mean numbers of referenci-
). Quantum-statistical model /2/ supposes totally smoothed zo-
es and ‘doesn't take into account the shell effects. Zone model
3/ totally neglects the smoothing of zones, and pseudo-zone mo-
_/4/ takes this effect into account in part, The accurate ex-
eriments /5/ demonstrate that quasizone smoothing of shells is
drge enough and has to be taken into account /6/.
_ Distribution of ionisation potentials leads to a strong
- mearing of the photoeffect threshold with a characteristic wi-
'<gi_7x-Z/R. <E>' 0, {&3s z/Rzp &b thwﬁ.‘(Fig 3). The effect is appreciable in a nondense plas-
v75222=2/R- VESEﬂNZ/RZ- a too, where it manifests as a smearing of the c?ntiniops spec~-
rum boundary. In the dense plasma it is additionally intensified
Here z is the ion charge and R is the radius of an atomic cell Ue to'ions of both average and others multiplicities with some-
(all formulae are reduced in the atomic system of units). An

hat different ionization potentials.
example of calculations for xenon according to the more accura- - - N
te model is given in Table. These values differ from those in

~

Broadening and shift of spectral lines, induced by micro=
fields in low-temperature non-dense plasma, were investigated
theoretically and experimentally long ago /1/. It is interes-
ting to use these ideas for plasma of enormous density compara~
ble with condensed matter density. g

Such plasma is multiply ionized. Ions are located in strong
fluctuating electrical fields of neighbouring ions, The average
potential and vector of the microscopic field strengthand their
mean square fluctuations are equal, according to the nearest nei
ghbour - model,

formulae (1), but not so strong. 2 2 1000
Fluctuations of microfields results in a peculiar structure , ;P' g/cm3 0.01 : 1 1

of spectrum of bound states - it is not discrete or zonal but . -3 A.6x1019 b.6x1021 A.6x1021

quasi-zonal., The separate atom levels are shifted by a value de- N

termined by the microscopic field potential at a given point at 230 bar 16 Kbar 330 Mbar

a given time. Due to the field fluctuations these shifts are dif- 142 ) 1 ' 45+5

ferent for different ions.A set of similifr levels of different ion 5.0 250

forms a quasi-zone with half—widthIVVDp (Fig.1). Table shows 1.1 ) ,

that this half-width may be equal to hundreds of electron-volts 0.9 2.0 100

in dense plasma. sz 11 ~ 0.5 0.6
Stark-effect. The fields are moderate in nondense plasma, ; "R *

and Stark-effect is quadratic by the field strength; in dense o 1040

plasma fields are so great that the effect become linear. The num 'Vbe » MV/cm 2.1 . 9.5 -

ber of allowed transitions grows since the electrical field remo= VVGTZ - 0.43 ’ "0.09 0.23%

. ves prohibition for the transitions with al> 1. . - R .

Such structure of electron spectra takes a considerable ef
fect upon thermodynamical and optical properties of plasma. Whils Fluctuations in the Stark splitting values mean that the

orresponding spectrum lines of different atoms and ions have dif-
277
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Such structure 3
fect upon thermodyné%.

have dif~

atoms and ions

lengths. In a macroscopic volume of matter it it equiva-

t to a broadening of each multiplet line by a value on the or-

_of its average shift. Since distancies between the lines are

ioximately the same, the result of such a broadening is that
the lines merge into a singl quasi-line with a great width

jal to -

A tho)~R2 [n(n-1) + n'(ar-1)]

nder the linear Stark-effect, Here n and n' are the main quan-

um numbers of the upper and lower levels between which a transi-
n takes place (Fig.4). Under the quadratic Stark-effect, i.8.

n & nondense plasma, the quasi-line width i8 proportional to R'“

In recent publications /7,8/ on optical properties of -den-

plasma 'a hypotesis has been postulated about an anomalously

ig broadening of lines, However a physical nature of this phe-
omenon has not been explained,
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EXPERIMENTAL E

QUATION OF STATE OF SOLID HYDROGEN AT PRES~
SURES 2-27 KBAR :

ble I. Values of the parameters for the Birch equation (I)
d ‘moan square error & for 4K and 77K

AN, Utyuzh

Institute of High-Pressure Physics of the USSR Academy of
Sciences, Troitsk, USSR

P,y kbar Ag, kbar A5, kbar 8y cmzﬁmdm

1 IT.5272 10.21I0 0.019
4.953 3%2.480 .18.674 0.013

The improved piston-displacement technique was used to deter-
mine the pressure-volume relations for solid hydrogen at 4.2K in
extended pressure range and at 77K with increased accuracy by ex=
tension of improved technique in temperature range higher than
triple point. The final uncertainty in the determinstion of vo-
lume, in which the error in pressure determination is included,
was +0.4%. The volume of the solid hydrogen sample was 0,5-2 cm3.
The results were represented by Birch relation (I), with the mean
square uncertainty § and parameters shown in Table I.

Experimental data V(P) for solid hydrogen there are on iso-
srms 4K and 77K and alopng the melting line. Comparison of cal-
ted from our EOS isotherm 77K with ocur experimental data de—
nstrated agreement within experimental accuracy. Comparisog of
ble data for molar volumes of solid hydrogen on melting line
V(T,, Pp) ere shown in Figure. Differences in volume in iso-
g are plotted with respect to molar volume at #4K. Values of"]mS
uted ‘on base of Silvera-Goldman potential /8/ and Vo Point
om accurate measurements /I/, are in good agreement with line I,
lues of Vage measured with a piston-displacement techrique /4,5/
¢ in good agreement with line T within its stated substantial
ror bars,

P(V) = P + 3 Ap(y3-D)B (1)
hn=
with y = (V(R_)/V(P))1/?

The estimation of p—H2 concentration and the calculation of quad~
rupolar pressure made it possible to treat, within the experimen~
tal error, the @ata obtained as V(P) for p—H2. Our results at 4K
are in good agreement (no worse than 0.2% in volume) with /I/. The
=0 .isotherm of equation of state (EOS) /2/, obtained by treat-

= 0.0 I 0.2 0.4 | 0.6 0.8 [1.0
i MENG oOf vapious experimental data, at P> I0 kbar deviates seemin=
) T T UTMiem ~f dnke /3 ot 77K exceed the

34 7}7' ' 13(’377
77K isotherm, calcu-

2> I5 kbar - Of209 99 1.839 53.39 2.250 2.25%1 2,263 2.308 2.400 2537
: X : .00 236,04 1,791 65.80 3.280 3.281 3.301 3.372 3510 3.708
';izc;;iiz;iz’aiir52i: 0 266,69 1.749 81.15 4,755 4,757 4,789 4,901 5ﬂ05 5.386
1.706 100.24 6.895 6.899 6,951 7.123 7.421 7.815
ochores. We stated 1.661 124.23 10,05 10.06 10.14 10.40 10.81 11.39
herms, calculated from

' Table 2. The equation of state of solid parahydrogen

Bnwsetrinsiasen — - — - e P

. 15.98 16.75
v 1.615 154,81 14,81 14.82 14,96 . 15.35
‘5 kbar. In Table 2 EOS : -
t. 5 ated using method /2/ ; 0 465,45 1,568 194,55 22,19 22.20 22,42 23,02 2392 2501
ina 232 er us;d gs 120 1pom. ; 0 504.12 1.544 219,01 27.37 27.39 27.68 28,41 2950 30.80
X B (<] a, = SO- 3
Sa 5 E 1 data approximation 00 547.66 1,520 247.39 33.99 34.02 34.38 35.30 36,62 38.18 .
. - :
~ end sta;: L. Z @ '6/ were used for mel- ‘
N o] {
zlasm: l;owéé : - ; series of reduced te- Experimental results for Vm" of hydrogen were represented in
er of allowed ; _ 5 : :
ves prohibition:. é E me are give?%?The V?; : 4,6/ by a relation of the form suggested by Kechin et al./4/:
Such structup n o gme, cn”/mol; By and Ty, 3 Vpg = A4 =B In T @
' ah 2  1sotherms in. 4-300K 1 3 . i A= 37.989; 37.28; 35.8596, B =
fect upon thermodyné%n% E tthm - melting temperature; A 27.989; 37 HE ) f
o [ .

i
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machine building, for producing needles and mandrels in the
_of pipe rolling and drawing. The savings for a consumer

p utilizing this metal is 300-I000 roubles per I ton /6/.
'Hydrostatic extrusion of these steel types under the heat-
hsnical pretreatment conditions at reduction of 25-35% in com-
jeson with hot rolling improves the torsional fatigue strength
1.8<2.4 times, Besides there is an opportunity of the subse-
t cold upsetting of the ends at deformation up to 60-70% /8/,
reasing labour expenditure by IO-I15% while producing shafts,
es and springs due to elimination of the shot cold-work har-
ing or the spinning with general effect of 630-7I5 roubles per
of ‘parts.

';Hydrostatic extrusion of the thick-walled and superthick-

d tubes (D/s £5) eliminates longitudinal creases over the

I surface, the geometrical dimension. accuracy corresponds to
'ciSion tubes (All-Union state standard 9567-75), involving the
sprovement of speed-torque characteristics. That saves more than
ubles per one ton of tubing in the heavy and chemical engine-

TECHNOLOGY AND EQUIPMENT FOR HYDROSTATIC TREATMENT OF
MATERIALS

B.I.Beresnsv, V,G.Synkov
Donetsk Physico~Technical Institute , Academy of Sciences
- of the Ukrainian SSR, Donetsk, USSR ~

The main requirements to the quality of products are the hoé
mogeneity of technological and service properties, the improved
characteristics of strength and plasticity, endurance and britti
failure resistance, In recent years many investigations into de=
veloping the High Hydrostatic Pressure Technologies (HHPT) and

eguipment to meet these requirements have been carried out by
scilentific schools of Academicians L.F.Vereshchagin, G,V.Kurdyu-

mov, A.I.Tselikov and A.A.Galkin in the USSR, Physical basis of
‘these tachnologies is represented by the plastic deformation ef-<
fects under high pressure: material plasticization /I/, strain
ageing /2/, decreass of a carbide inhomogeneity /3/, use of a li=
quid as a machining tool /4/ etc. HHPT are widely spread and pro=-
mising especially in metallurgy as the ferrcus metals account for
more than 96% of the total structural material consumption in ma=
chine building, while assortment of products is about 5000 profile
sizes of bars, 30000 profile sizes of tubes, 50000 types eof metal=
ware,

, In thé field of metallurgy the apparatuses with a vertical-
orizontal design of working 'unit, pressure up to I500 MPa, the
llet diameter up to 60 mm, an output up to I50 kg/hr, a grading
yg,of 10-15 m2 are used.

The hydrostatic extrusion of wire and wire billet has become
component of the processing of heat-proof and refractory materi-
lgy bi-metallic and multistrand wire, high-strength metal and
olymer fibre. It is especially effective while producing fine and
uperfine wire of high ductile materials, e.g. of aluminium A 999
5=0.3 mm in diameter at single drawing up to 2500 /I0/.

he application of high hydrostatic pressure in machine building

Nowadays the hydrostatic pressing of a round billet may give
1% of the total quantity of steel shapes (SS) mentioned above.Be-
sides, the costs of process stage at transition to hydrostatic
extrusion decreasse only for the SS of the €-9 complexity groups,
while the shapes of the 8-9 groups are not yet extruded taking ‘in:
to account the equipment reliability /5/. Hydrostatic extrusion
of the SS provides an expenses decrease by 63 roubles in metallur-
gy and 460 roubles per I ton of the shapes for a consumer /6/.
The hydrostatic extrusion (at reduction of 5-7%) of low-tem-
pered martensite of the type CriNiMo, CrMoW, CrWAl medium~carbon
steels provides the unique combination of strength, plasticity
g and impact strength at their practically uniform distribution all
}mmaﬁp the bar cross-~section /7/. At a metallurgical work the rods.
) "QSNZA steel, 28-30 mm in diameter and up to 2.5 m long we=
“t+h the values for 0z =2040-2050 MPa, 01_1930 1950
Y =54-56%, & 600—800 kJ/m2 at the maximum work=
bssure of 520 MP&. The material with these propertias‘
bhe highly loaded parts of mining tools, in the bran—‘
284

5 rolated to the technologies of hydrostatic die forging and
heet—metal stamplng. During production of the tubular parts with
aterals (T-joints, pipe crosses) it has been found /II/ that at
ow output (up to 6000 pieces a year) hydrostatic extrusion is
ore effective than other pressure treatment types (die forging
and sheet-metal stamping) with respect to the expenses amount.The
ost effective application it may find in the field of veloproduc-
jon-substituting for the stamping-welding.

In the field of powder metaliurgy the gascstatic sintering
ay be changed for the cold hydrostatic extrusion at a pressure

f 600-800 MPa (density 87-9I%) of the preformed briquettes (den-
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sity 65-76%) sintered in a vacuum furnace with-their subsequen
hot extrusion /I12/. '

5

6.

I0,Hydrostatic pressing of wire/V.,P.Burysk.-Fizika 1 Technika

II.Bogoyavlenskiy U.N., Seryakov E.I., Kobyshev A.N., Voronina:

I2.Compaction of porous briquettes of high-speed steel through

STIGATION AND DEVELOPMENT OF HYDROSTATIC EXTRUSION OF
ICHED STEEL
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Experience of the hydrostatic pressing application for steel
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A.P.Bashchenko, Y.B.Gurevich et al. - Fizika Technika Vys

kih Davlemiy, 1983, II, p.52-56.

The industrial experience of the hydrostatic pressing utilize
tion while produci billets for high-loaded parts of struc

ral steel/E,A.Konog§hin, N.G.Aleksandrov, A.P.Lubchenko et:
-Proceedings of the IV All-Union Conference "Hydrostatic
Treatment of Materials'" (Donetsk, September I0-I2, I985).
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tute , 1985, p.II9.

Apparatus for hydrostatic pressing of the thick-walled steel
tubes/V.H.Kasyian, V.Y.Ostrenko, V.A,Nesterov, V.T.Dyachenk
Fizika i Technika Vysokih Davleniy, 1983, I3, p.23-25.

ormation -of the martensite was suggested to be carried
the hydrostatic extrusion method /I/. This method pro-
omogeneous deformation and the perfect fine structure of
rial, The Fig.I shows dependenceof mechanical properties
ith martensite structure after hydrostatic extrusion
Aing on deformation degree /2/. In the first case intensi-
sase inyield stress and some increase inplasticity are obser -
ter rolling plasticity of the steel decreases sharply.The
itensive strengthening of a quenched steel with the carbon
0.3=0.4% occures at the deformation degree 4-6%., ASs a re-~
> hydrostatic extrusion,strengthening of a quenched steel
’mpanied by stress relaxation.This fact isconfirmed by re-
on of the X-ray diffractionlines and precision measuring
sity. After hydrostatic extrusion the density is practi-
he same, The density  decreased about 0.0I g/em’ after
with reduction of I5%.

g2 shows the values cf the yield stress and the impact
6ss (Y.S and I.T) for quenched and annealed at 200 °C

s (CrNiMoSi) with different carbon content and after SAM un-
ling and hydrostatic extrusion at 3% deformation.As carbon
in the steel Increases the strength increases too{the im-
ength decreases but itsvalues are essentiaslly higher un-
at hydrostatic extrusion.

Vysokih Davleniy, I98I, 3, p.75-83.

N.F. Production of the complex void shapes. Leningrad: Mashi

Due to OHT a rougl tensite struc , ;
nostroeniye, I979,- 2I8 p. P a rough martensite structure forms. The following

ds for production the homogeneous and fine martensite struc-
re known: high~temperature and low-temperature thermomecha-
_trestments; treating for producvion the superfine austenite

"up to 2-3 /um). The complex methods had been carried out
trengthening

hydrostatic treatment /B.I.Beresnev, V.Z,Spuskanyuk, V.S.Tyu
tenko ¢t al. - Proceedings of the IV All-Union Conference

"Hydrostatic Treatment of Materials" (Domstsk, I0-I2 Septemb
1985): Abstracts of papers. Donetsk: Dometsk Physico-Technic

Institute, I35, p.228. which combined previously mentioned method

€ SAM /2/. The results show that high level of the mecha-—
properties can be reached when combination of the SAM under
ydrostatic extrusion is being used in cembination with the

. ethods of strengthening. For instunce, the steel CrNiMoSi
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5% C) after HTTMT with the SAM has O} =2350 MPa, G0 =
0 MPa, 0" =88, W =40% and steel CrNiMoSi (0.45% C )i &=
MPa, G ,=2695 WPa, 0'=6%, ¥ =35%, accordingly,Strengthen-
f CrMnSiNitO.}%C) due steel to the process of HITMN by ‘rolling
SAM under hydrostatic extrusion were used to produce the wods
in diameter and 2.5 m in length /47/. The hydrostatic extru-
with reduction 5% had been carried out using the verticaly -
zontal plant, There had been obtained the following properties
such treating: 0°p=2000 MPa, (3", ,=1890 MPa, d”5=7%, Y=
%, KCV=70 kJ/m°, HRC=52.
_ The plastic properties are increased after hydrostatic ex-
sion combined with back pressure. In the case of ccmstruction
8l with .carbon content 0.3-0.4% for production the rods 5,0~
3,0 mm in dismeter the combination of the HTTMT and SAM under
drostatic extrusion with the back pressure I000-I70D MPa and
ummary reduction %5-50% results in increasing the strength up %o
500-3500"MPu at the satisfactory plasticity. .
';Electronmicroscopic research shows that, the deformation of
aénched and low tempered steel by hydrostatic extrusion results
the following changes of the structurs: the dislocation densi-
increases from 5-IOIOcm"2'(initia1 condition is HTTMT) to
em”~; almost all martensite crystals undergo elastic bending

the size of the distored microareas is being decreased, the
eformation twins eppears.

It was shown that deformation of the rods 8-20 mm in the di-
eter manufactured from a construction steel provided increase

the strength as much as 200-700 MPa and the resistancs to

68 corrosion at the satisfactory values plasticity and impact
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968.

Strain aging of the martensite under hydroextrusion /G.V.Kur=-
dyumov, L.F.Vereshchagin, R,I.Entin et al.,-F.M.M., I970, v.
9, N4, p.I72-1I76,
0s8ibility of improving mechanical properties of steel by
using high throstatic pressures for martensite deformation/
Ja,B.Gurevich, V.N.Dmitriev, Yu.S.Konyaev et al. - In book;
Problemy Metallovedenia i Fiziki Metallov.~ M. Metallurgia,
1976, N3, p.I49-I56.
Experience of industrial hydroextrusion application for stesl
_ hardening by the martensitic strain aging method /Batalov A.G.,
Bashenko A.P., Gurevich Ya,B et al. -~ Pizika i Tekhnika Vyso~ '
kih Davleny, 198%, NII, p.52=56,

. 2R9



ﬁlic inclusions, mostly titanium carbides and nitrides
N), as compared with hot-rolled state. ’

ng-term strength of 698 alloy following hydroextrusion

METHOD OF HYDROEXTRUSION USED IN INDUSTRY TO PROJUCE
METALLURGICAL ITEMS FROM HIGH ALLOYS

V.I.Steepural, Tu.V.Manegin®, Tu.F.Luzinl, A.G.Batalov®,

A.D.Voloskov® V . .| Reduc~ ggggb_ Testing regime Properties .
I . . '
1.P.Bardin Central Scientific and Research Institute of ?an Stress, | Tenpen , | Long- Elonga~ | Contrac
Forrous Metallurgy, Moscow, USSR . ; hydro- gime term tion, tion of
extru~ grlor 6N/mm2 o¢ strength 5 % OTOBE~
2Omutninsk Steel Plant, Omutninsk, USSR tgst— ] T} hp ’ section
ing area,
studied was the effect of hydrostatic pressure on cold de: ¥V %
. . - o c -
formation of Nimonic-type alloys containing I2-20 % 'r, 70=75 : Heating 400 750 2I0 6otk 7.9
Ni, Ti, Al and other elements /I/. The alloy plasticity Y . wa to ’
found to increase more than 2-fold, with hydrostatic pressure IIZO'OC,
going up from atmospheric level to I200-I400 N/mm2 in the pro- ?gidlng .
cess of specimen stressing. Pre-breaking deformation A p incre 4 hrs, {
ses more than 2-fold &s well when the metal stressed state ind air co-
G oling + A "
K= 2~ varies from +0.8 to ~0.6, where O is the mean hydro= heating 400 262 18,2 23.8
static pressure and T is the tangential stress intensity. gSOO o, 420 " - I35 I2.4 I2.4
During hydroextrusion the metal being deformed is known t ggiding 420 " 50 8.0 10.0
be affected by high hydrostatic pressures /2,3/} the stressed 4 hrs,
state index K of the metal in the deformation centre is K=-0.3 gzﬁling N
~0.7. From this it follows that the hydroextrusion process can %ea;%ggOC
o
used to alter thg shape of high steels and alloys. holding !
] Experimental data were used to develop the hydroextrusion :gorhr i
process for rods of round and hexagonal cross-section with an cgoligéa T

circumscribed circle dismeter of I0-20 mm from 4375  end
31698 alloys. The Omutninsk steel plant started commercial pr _Geometric sizes of rod cross-sections meet the requirements
duction of such rods having a length of up to 5000 m. . calibrated metal, namely, the Burface roughness of rods con-
Hydroextrusion was carried out with a force applied to the e to class- 6,
front end of the rod via a special device., Figure shows a nomo=
gram for calculation of forces during hydroextrugion with fron
~end stressing. The nomogram is used to find the pressure of th
liquid in the press depending on strength properties of alloys
to be deformed, extrusion (reduction) coefficient amnd stressing
force,

Thus, production of calibrated round and hexagonal rods from
onic=type -alloys that are difficult to deform is one of the
t advantageous applications of hydroextrusion method in indus-
, Usa of such rods in.place of hot-rolled ones helps to meake
sversible losses of scarce metal two times as small and lsbour

ensity required to fabricate parts used in engineering.
As seen from Teble, hydroextruded metal has higher long=-te

strength characteristics (lime before failure) and better plast
properties, Investigations showed that cold deformation by hydr
extrusion followsd by heat treatment helps to minimize variatio:
in grain size and»prbvide for grinding and better distribution:
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HYg%gPRESSING METHODS AT HIGH PRESSURES AND DEFORMATION

V.Z.Spuskanyuk, V.A.Bogdanov, I.M.Kovalenko, A.A. Lyadskaya.
N.L.Sokolov, N.V.Shishkova

Donetsk Physico-Technical Institute,ukrainian SSR Academy of
Sciences, Donetsk, USSR

Development of hydropressing methods for solving of problems
ticrease in strength and plasticity of materfals, formation
bfilets of products at high level of exploitation properties

a promising direction of scientific investigations, For pro-
iNg of possibilities to realize effects of strenghening treat-
t,dgvelopment of practical hydropressing methods is necessary,
_creation of reliable and high-productive plants. i

_ Creation of favourable conditions of lubrication in the de-
ation zone and increase of equipment productivity is reached
alizing of the cold hydropressing process with high rates
,eibrmétion. Here, however, problems of process control incre-,
and ' also problems of product extraction at the final step
the process. As a result of developing and investigation of
ihydropfessing process model of billets at the direct action
nt a range of optimal deformation rates was determined ca,
,..2.0 m/s, at which the minimum liquid pressure differential

200

deroextrﬁsion pressure versus lengthening coefficient

and

I, 2 - rods (T4 mm)3 3 ~ hexagonal section SI2} 4 ~ hexagonal
sec
SI17.

| provided at the process initial step. At low rates this pres-
» differential increases as it is known due to the long time
od-of stationary contact for a billet with the matrix under
ssure, by extrusion bf lubricant from the contact zone. At

h rates the pressure differential dynamic component increases
to the fact that the working liquid continues to be compres-
in the period of billet acceleration /1/.

Fundamentals for the cold hydropressing process of billets
mechanical presseé with the initial deformation rate ca, 0.5
, re developed, its advantages in comparison with hydropres-
ing at deformation rates ca, 1073 m/s are revealed /2/. It is
wn that due to elastic deformation of the system of a press
hydropressing of billets the additional high-frequency atte-
téd‘vibrations of the working liquid and rates of material

15 16 17 18 19 20
Lengthening coefficient, y

i 2

atress force Q: I
tion SIOy 5 - hexagonal section SI4; 6 — hexagonal section

rusion from the matrix are developed. As consequence of said
ects end the high deformation rate the hydropressing of bil~
5 16°30,,.40% lower in comparison to deformation at hydraulic
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presses, At the mechanic presses the rate of plunger motion is
.smoothly decreased down to zero in the final lower position;
this circumstance can be conveniently used to prevent extracting

8 stated that even at the counterpressure level ca,

0 GPa conditions for deformation of steels and alloys
iderably improved due to volume increase in the deforma-
ne, increase of pressure in this zone, decrease of exter-
,tion71nfluence and increase of uniform deformation of -a
t, As consequence of counterpressure application density and
city of deformed high-doped steels and composlite alloys,

as wear resistance of metal-cutting and die tools in-

of & billet on accomplishing the treatment.

The methods of cold and warm hydrostatic and hydrodynamic
pressing-of billets are effectively used for realization of tec
nological processes of thermomechanical treatment of steels and‘
alloys. Thus, as a result of preliminary thermomechanical tre=
atment (PTMT) it is provided increase of properties of tool ste
els and of operational characteristics of produced metal-cutting
and die tools. As a result of thermomechanical and mechanicother-
mal treatment at rod hydropressing it is provided a limit of
strength of construction steels ca. 2.4 GPa at relative lengthe
nening ca. § =10%.
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New possibilities to control structure and material proper=
ties are provided by methods of low-temperature hydropressing

" with preliminary cooling of a container, tools, working medium
and a billet,to realize a series of practical results it is ehe
ough to cool in advance only billets. The low-temperature hydro
pressing method provides an additional effect at PTMT of high-
speed steels, it is used for regulation of phase composition,
structure and obtaining of advanced level of properties of sta=
inless steels of austenite class, metastable two-phase (J +£9)
Bteels on Fe-Mn basis.
It is known that advantages of hydropressing in comparison

to the traditional treatment one can apply more widely by cont-
rolling the level of hydrostatic pressure in the deformation zo«
ne, e.g., as a result of counterpressure generation. Hydropres<.

L
llln

sing with counterpressure at present is not widely applied, be=
cause equipment needed is complicated and of low capacity. Plant
are developed, in which counterpressure is produced as a result’

TR

VISR By

of liquid compression by shifting of an aggregate, including &

[ TR

work-container, a matrix and a counterpressure chamber (Fig.1a),

S
N

Cross-section areas of a work-container and a counterpressure
chamber as well as. aggregate shift range are chosen in order to
reach the counterpressure level needed afore pressing is started ’ Devices for hydropressing with counterpressure:
and the aggregate is at rest, By variation of the aggregate rest 1= mgbile Elunger; 2 - work-container ; 3 - counterpressure
position the gear-free control of the initial counterpressure le container;

- billet; 5 ~ matrix; 6 - flange; 7 - statio-
nary plunger; 8 - tension bars; 9 - rest; 10 - liquid-leak
vel is provided., The constant counterpressure level during pres=

device,
sing is maintained by liquid-leak from the counterpressure cham
ber by a special device (Fig.1p). :
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the original -1inear faces of elastlic wave are elongated in
direction of loading (Fig.I).

For post-critical impact rates vev . (for steels v, = 60-80
1688 of stability on ultimate strength with low initial in-
ity of metal degradation is the significant high-rate forming
ocesses, Loss of stability for uniaxial simple tension and pre-
re depends on the rate of plastic disturbance propagation for
neion (c%) and pressure (c;), the following relation being valid

THEORETICAL AND TECHNOLOGICAL ASPECTS OF HIGH STRATHX-RATE
FORMING

Karol Poldk

Slovak Technical University, Czechoslovakia

- The structure and propertiés of metals depend on previous
superposition mechanical and thermal effects. Therefore parame-
ters of strain and heat treatment processes must be studied in
relation to resultant properties of metals.

' I de g _ <« I 46 7] "

: T i B S o =4 T = C
High-rate plastic strains with subsequent heat treatment re= p Y p de I+¢ p de 1 -8. p
late in this paper to experiments with uniaxial stress state from means that limit state and simple tension is intensively dest-
centric direct impact of a rigging punch with flat face I on plas- etive (¢ = 0) and therefore it is necessary also at high-rate

‘rming t0 suppress to minimum the tensile stresses. On the cont-
ary, for the study of limit states the simple tension is signi-
cant as a test, especially for processes'at negligible thermal
effect (Fig.I) /I/. From registration tensile diagrams these arse
the most significant conclusions: elastic dynamic strains are hi-
';er than static onesj plastic uniform (total) dynemic strains

re lower than static ones; plastic dynamic strains cause streng-
5héhing with approximately the same density of dislocations like
tatic gtrains, but with substantislly different configuration
3/ '

Natural strain resistances 6°_ for low strains & at simple
ension on dull contact surfaces without lubrication confirmed va-
idity of the equation:

, fp:'”?‘

.Relationships of specific strain work a (v) for different
steels and 20°%, 600°C temperatures are shown in Fig.2 /I/. This
knowledge represents the basis for technological applications of
high-rate cold calibration and calibration at semi-heating. The
_total strain work is calculated from the product of specific stra~
in work and displaced volume of metal /I,2,%/.

The study of structures after dynamic and static loadings on
contact surfaces showed that twins (Fig.}x) as well as fragmenta-
;tion of carbides and inclusions (Fig.@k) occur-after dynamic lo-
_sding. Dislocation substructures after dynamic loading have uni~
orm configuration and after static loading they are in clusters

_from the very beginning (Figs.5,6*). There is no order diference in
density of dislocations /I,3/.

i

tic body (specimen) 2 supported by a rigging target 3, Fig.I.
Main parameters of experiments: material (iron - carbon and
alloyed steels), shape (cylinder) and geometry do/hoe(I.O—O.I)of
specimenj friction and character of contact surfaces; the specimen
temperature € (20-600°C); impact rate ve(0.00I-40 ms™') and stra-
ins é€(10—4-104 s-I) relative linear strains £¢(5-20%); strain re-
sistances(ﬁk(l-2}Re; resultant structures after quasi-static and
dynamic plastic strains and after heat treatment. Within the range
of the studied parameters we presumed isothermic plastic strains
with hardening with minimum thermal effect /I/.
- Parameters before, during and after loading of the- specimens
were measured: metal - by chemical analysis, friction - by ring
test, temperature - by thermocouple, impact rate - by capacitance
sensor, strain rate for small stages - by calculation é =»i§?=
consts, relative linear strains - by strain networks, structures,
8lip bands and dislocation density, maximum strain resistances -
- by Cu crushers, structures and substructures - by optical, thermal
and electron microscopies (thin foils and networks) /I,2/.
The study of the development of plastic strains, structures
and properties after quasi-static and dynamic loadings was orien-
ted to contact surfaces and/or surface layers of specimens. In
these zones primary loss of stability connected with localization
of plastic strains and hardening is presumed with regard to wave
character of impact stress propagation.
It stems from wave differential equétions for propagation of
disturbances in elastoplastic bodies that they are the result of
elastoplastic waves, each propagating by another rate. The rate of
‘ elastic wave Cq is higher thap the rate of plastic wave cp. There=

* The Figures are given at the end of the beok.
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I DUSTRIAL- APPLICATION OF IMPULSIVE HIGH PRESSURES
IN SHEET ' FORMING WITH PARAMETLRS OPTIMIZATION

[

Dislocation substructures after dynamic loading had increas
ed stability at higher temperatures. Studies on thermal microsco
pe showed that phase transformations of o - y steels have 2.5 ti=-
mes finer austenitic grain. This finding was confirmed by the
studied of martensitic substructures, too. Flg 7 illustrates i
ne-grained twin substructure of martensite after dynamic plastic
gtrain and Fig. &8¥ shows coarse-grained substructure of martensite
after static plastic strain /3/. '

Significant effects of cumulation of dynamic hardening of
surface layers on structure fineness also after heat treatment we-
re utilized in febrication and renovation of hollow pressing tools
especially tools for volume forming end forms for pressure cast~
ing and plastics (Figs.9, 10) The tools had higher wear r851stance.
Thus lifetime of tools increased 2-3 times /1,2/.

;K.Borisevitch, V.P.Sabelkin, V.T.Vovk
Kharkov Aviation Institute,Kharkov, USSR

Impulsive high pressures for the sheet forming are widely
ged in the modern industry. Applied aspects of the impulsive for-
g problem, including both control external stress and heat in-
ence parameters are stated in the present research. The prob-
. 18 reproduced in the vector representation in the multidimen-—
nal space of optimizing functions. In the case of limitation
fmeasurements number the task leads to well known scalar repre-
ntations with similar in physical sense, space of controlling
arameters /1/.

 In considered processes high pressures are generated by the
hpulsive energy sources on the base of the detonating gas mixtu-
res and high explosives, Preheating of the deformed. workplece

8 performed from the autonomous heat power source or workpleces
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re heated during forming process.

2 rming with high explosives.
Pressing of the parts from low-ductility alloys and high
trength materials with heating application from the blanks with

259, I960. ,
all thickness of 0.6-3.0 mm is very difficult using the conven-
ional pressing equipment. It is simply impossible to form the
- Lk ) arts of the closed shape, One of the alternative process may be
“‘\”f‘l : ety ” rming in the heated dies. However it is practically impossib-
v ™ 3p00 Z/:’ﬂ I P s to generate the optimal temperature zones without its proof
3 THERMO- | | /) . el B o
R COUPLE ” s+ ecreasing. ‘
) 3 < e Equipment for high power explosive forming of the parts from
CROUSHER = 550
. o T3 ¥rel 20001 = ird the flat and cylindrical blanks was developed. Such installations
0 P /:00 L - ‘ are shown in Fig.1 (a, b Y.
o + 1 5 vﬁnﬂ . These installations structures are similar to that in the
v-EJ. Ay Ah[mnﬂ 1800 5 ” i1 P work/2/ end consist of horizontal and vertical guide units. The
1 .

movable plate with mounting means arranged on it is installed on
the horizontal guides. This movable plate 1is displaced from pre-
paring zone to the technological zone by the hydraulic drive as

jn the first installation and by the electric drive in the second
one. Forming blank heating is performed in the heat influence zo-
ne mainly with electrical- contact method in the first installation

Fig.T. Centric direct impact.

Fig.z. Specific strain work.

et et b

3* . The Figure is given at the end of the book.
The Figures are given at the end of the book.
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variant and with temperature radiation ~ in the second installa-
tion variant. Using the method of electrical~contact heating the
installation is provided with compensating readjusting fixing de-

tic diaphragms. Forming may be performed by direct influence
he blast gaseous products or through the combined transmi t-
_medium, :
The developed equipment has the following technical data
ln the brackets are given the data for the open scheme):
= Floor plan dimensions, m ~ 4,0x3.5x2.5 (3.0x4.0x2,5)
= Maximum part dimensions, m - 1.2x1.4 (3.2x1.4)
= Power supply, kJ - 1300 (320).

vice, arranged motionless in respect to the bease., Temperature ra-
diation heater is mounted in such a way that it can move verti-
cally and during explosions it is protected by shutters.

Parts forming is carried out in special explosion chambers
with the destructive of singular usage and elastic of multiply
usage diaphragms. There are explosion chambers operating in the
mode of the transmissing medium throw when the blast pressure, ge=
nerated by the high explosives, has symmetrical characteristic in
the vertical directfon, The explosion chambers are installed on the
vertically movable plate and the system for vertical displacement
is arranged so that the loading of the drive during the explosions
is excluded,

Technical data of the installations for explosion forming
from the flat and cylindrical blanks {the latters are given in the
brackets) are follows:

~ Floor plan dimensions, m -~ 1.5x1.5x2.5 (2.0x2,0%3,2)

- Mounting means dimensions; m - 0,25x0.25x0.1 (1.2x1.2x1.0)

- Maximum charge weight, kg - 0.0%1 (0.1)

- Blank heating temperature, K - 1273 (1440).

_ References

‘Borlsevitch V.K., Sabelkin V.P., Potapenko A.N. Design of
Optimal Technological Processes'of Hydroexplosive Fogming

by Computer Simulation, ~ Proc.IX Int.Conf.HERF, N ‘
Aug.18-22, 1986, p.209-213. "  Novosiblrsk,

Sabelkin V.P,, Solodyankin S.N, Equipment for Explosive For~
ming of Parts from Low-Ductility Alloys.-Proc.prInt.Conf.
HERF, Novosibirsk, Aug.18-22, 1986, p.375-379.

GB-Pat.No.2 081 630, Int.Cl.B, B 21d 26/08, Method, Apparatus
and Gas Gun for Forming Articles by Impact Load., Sabelkin V.pP.,
Borisevitch V.K., Solodyankin S.N. etc., Sept.19, 1984,

Detonation gas forming.

The use of the detonatable gaseous mixtures as the source of
high pressures and high temperatures is explained by their safety
in operation as compared with high explosives. It is possible to
mechanize and automatize the mixtures supply to the process zone
and into the blanks cavities of the complex configurations, dis-
tributed into difficult~to-access places., High duration of the im-~
pulse, as compared with high explosives, is favourable for the for-
ming parameters. At present such installations are used in the in-
dustry, that can operate in the open or closed scheme. They are
‘shown iﬁ Fig.Z(a,b*).

The construction of the installation is similar to that in
the work /3/ and comprises supporting base in the form of the fra-
me or bracket, with power supply unit arranged movable on it. The -
technological unit ensures tne necessary displacement of the blank
together with mounting means. Initial excess pressure of the gase-
ous mixture is held by pressurized destructive or multiply used

b e ——— I
The Figure is given at the end of the book.
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e8. The stump is then encased in socks whose thickness should
ly with the socket wall thickness including polymeric coating,
e die 1s a solid-steel cone box into which the impression is
cedy while the remaining space is filled with a rapidly soli~
ying material, for instance, liquid plaster. When the die is
ready, the welded tapered blank is placed in the device so that
energy unit axis coincides with the blank axis. A special de-
vice is used to align the blank with respect to the energy unit,
nside ‘the blank water is filled, the end of the DET being in the
nner part of the blank is travelling upward in such a way that
he blank's deformation starts from its lower part, permitting to
ull blank's material to the zone of deformation. For the PSD-3

he zone of effective force application is 80-100 mm which deter-
_mines the number of stamping cycles depending on the length of the
blank. With respect to the blank's diameter, thickness and materi-
1 the initial pressure of the gas mixture should be selected, For
_the PSD-03 its value may range from 0.1 to 0.6 MPa (for aluminium
alloy).

Dimensions (mm) of the parts to be manufactured:

height, max. - 450;

diameter, max. - 200;

min. - 60;

PULSE STAMPING OF INDIVIDUAL PROSTHETIC COMPONENTS

A.N.Sytenko, H.N.Bahzina
Ukrainian Research Institute of Prosthetics, Kharkov, USSR

Manufacture of individual prosthetic sockets for artificial
limbe is a single-~unit production requiring flexiblevtechnologi-
es., A pulse stamping device (PSD) and its rigging were developed
as a basic equipment for prosthetic plants /1,2/. The development
applies the method .of pulse energy stamping of blanks against a :
die reflecting individual relief of a residual limb. The gas deto=
nating explosion of a stoichiometric mixture of oxygene with pro-
pane-butane (methane).serves as a source of pulse energy. Power-
-transmitting media is water, Simplified functional diagram of the
PSD-03 is presented in Fig.1.

The key element of the device is the energy unit comprising
the detonation energy tube (DET), the gas mixer, the mechanism
sealing the open end of the DET and the gas mixture ignition sys-
tem. .

The DET is a thick wall tube with the diameter selected to
fit for stamping requirements of small-size prosthetic sockets
(below-knee prostheses for children, upper extremity prostheses),

The mixer placed in the upper part of the DET ensures pro-
per mixing of the gases due to its shape, size and sites of ho-
les, it has intake holes for gases as well as pressure release ho=
les. Gases are delivered to the energy unit via special flexible

thickness, max. - 2

A below-knee prosthetic socket is an elongated shaped part
of complex asymmetry with inner cavity, closed cross-sections and
open-end faces, Socket surface cannot have a plane progection, it

hfmm"“‘“-=mnnhanism permits to shut tightly the open end cannot be described analytically. It may be represented as a sum-
S A e plug. mary of consequent positions of a gentratlng line rotating about
ment fuse lighter. The ener- & longitudinal axis,
irough the electromechanic ' Shape and size of cross-sections vary gradually along the
:;HL ble for its vertical movement.‘ length of the socket. The relation of the maximum cross-section
dustry Qed frame structure. perimeter to its minimum value can be 1.2%, while the relation of
. (£filling of water into a _the'socket length to its minimum estimated diameter ranges from
5h°w“T;L . zergy unit, ignition of the gas .& to 6. Practical application proves that the socket wall thick-

ness may range from 1.5 to 2 mn for aluminium ailoys. To achieve
_ full stamping result in socket blanks one should apply ductile
enough metals, Ductility is not a characteristic but a state of

i remote control panel. A sys-
designed for safety operation.
f metal prosthetic sockets is

the work /3;
me or bracket,
te logical un i i

echnologic un material and it is dependent on a number of factors most signifi-

together with moun [ . ,
ﬁication of the die is an impres<

bal limb by means of plaster ban-

cant of which are: time and temperature conditions of deformaticn

ocus mixture is - held: and uniformity of its distribution,

k e
The Figure is given ax

Application of detonating energy of gas mix*ures creates the
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;Optimum deformation conditions in pulse stamping of blanks for
prosthetic sockets. The rate of deformation is (10-20) m/s and
the deformation force ranges from 5 to 10 MPa,

To the paper: Poldk K. «Theor

etical and technological aspects of high strain — ra-
te formings.
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Fig. 3.

Twinning (250X).

Fig.I. Schematic functional diagram of the pulse
device:

1,2 -~ gas tanks; 3 - \)alves; 4 ~ throttles; 5 - detonating

gas source; 6 - spark Plug; 7 -hoisting mechanism; 8,9
8ealing devices; 10 - control panel.
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Fig. 5. Dislocation substructure after Fig. 6. Dislocation substructure after sta-
dynamic loading (30000). tic loading (30000X).
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Fig,2. Technology for stamping of metal prosthetic sockets.
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Fig. 7. Martensite substructure after Fig. 8. Martensite substructure after sta-
dynamic distortion (30000). tic distortion (30000X).
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To the paper: Borisevitch V. K., Sabelkin V. P., Vovk V. T. «Industrial appli-
cation of impulsive high pressures in sheet forming with parameters optimiza-
tion».
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Fig. 9. Groove shat into material.

Fig. 10. Products made by shutting-in methods

Fig. 1. Installation for heat forming: Fig. 2. Inétallation for parts forming
a — from the {lat blanks; b — from the by the detonable gaseous mixtures:
cylindrical blanks. a —closed scheme; b —open scheme
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licon carbide’s trealment un- Gorelkova L. E. «Hydroextrusion used in the
der the high pressure and preliminary thermomechanical  treatment cycle
temperature conditions». for improving the complex of mechanical pro-

perties of machine elementss.

Fig. 3. Substructure of au-
stenite of 120X3T'3 steel hyd-
roextruded in w-state. Tems
perature of  quenching
970 °C, X40000.

To the paper: Marinov M., Vodenitcharov St. «S i
Ma ” . ome seal blems
bayonet — type joints for big diameter pressure vesselss. g problems of the

Fig. 1. Structure of 120X3T3 steel after hydro-
extrusion, X40000.

Fig. 2. Bar pressed through
double channel matrix (das-
ned line shows the applicab-
le zone for storage of SiC
powder). ‘

i

Fig. 6. Photograph of a pressing rin | i iy
] S g and a part of a b —
for pressure vessel with 3600 mm diameter andppgpxlﬁ ﬁgg?e}}avilngegﬁﬂg

Fig. 2. Structure of 120X3T3 »
assembly of the investigated type.

steel after hydroexirusion
and tempering (600 °C, 2h),
X 40000.




V. P. «Structure effect of hardening of

To the paper: Koviko V. S., Saakyants
carbon steels».

Fig. 2. Electron microphotographs of
structures before (a—d) and after
{e—g) hydrostatic pressing
(X20000); a, f— higher bainite stru-
cture; b, e —lower bainite structure;
¢ —dark — field image in cementite
reflex; d — thin— plate pearlite of
mixed structure; g — annealed plate
pearlite.
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ORMING OF COAL MATERIAL STRUCTURE. FUNDAMENTALS

3 sk Physico—'l‘echnical Institute,Ukrainian SSR Academy of
nces, Donetsk, USSR

nal energetic and technological application of cbal ma-
ong them coals, peat and graphite, will become reality
rn to effectively control its structure. In our labora-
eorstically substantiated and experimentally demonstra-
ficance of such factor as high static pressure in con-
molecular structure of these materials for obtaining
8 with desirable properties /1-3/. Traditional approach is
eatment or . chemical methods. In comparison to it pressure
ent offers considerable advantages as no admixtyres are in-
in products and no undesirable transformation of product
tion takes place, Structure of product is rebuilt in, so to
re manner. Also important is the well-known fact that at
ndings to transform products pressure is more advantage-
n temperature.
oal materials were treated by static pressure up to 2 GPa
ng to four mechanical deformation schemes. by five methods
ure). The ‘common factor for all of them is the stressed

all-sided compression, uniform at hydrostatic pressing

iform-in other cases. At the same time the mentioned me-

different by certain factors, the main among them is the
n of main deformations and main stresses,

r studies we used coal material of the whole metamorphic :
_of peat and natural graphite of different geological fields.
of pressure.was observed using modern methods: optical mi-
py, X=ray analysis, EPR and IR-spectroscopy. We studied al-

a——30XITZA steel tempere &ain‘teghnological properties of material§ a?d products.
before deformation result of studies we found the following:

873 K and deformed by gyd Pressure treatment results in irreversible transformations
rostatic Praﬁuieucﬁﬁe5 cture and properties of coal materials. Character and level
%{Eﬁxﬂgﬂiﬁ dZ&nTncd taﬂﬁ? "are determined mainly by pressure level, mechanical scheme
annealing; ¢— dislocational .

4 rmation, metamorphism (degree) and physico-chemical state
and; -

gtances.,

. Results of treatment are improved with rise of pressure and
clally = if shift stresses are developed in specimens,

1, Direction of structure transformation of coal materials
etermined by mechanical scheme of deformation.
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4, Limiting pressures, at which irreversible changes in or-
ganic matter take place, depend on shift stresses. With incresse
in the latter limiting pressures are décreased.

We shall illustrate these conclusions by some examples,

As a result of one-sided pressure ca. 1.5+10° MPa molecular
orientation of coal matter is observed due to rotation of carbon
nets and destruction of side aliphatic chains, coupling the car-
bon framework of material. At hydrostatic compression anisotropy
is not observed, but changes of mean dimensions of ordered regi-
ons of layers and inter-plane distance takes place at lower (1.2-
- 1.3 times) pressures in comparison with one-sided pressing. In
both situations destruction does not affect carbon layers.

More considerable changes of structure as a result of treate
ment according to schemes, which stimulate shift stresses in spe=
cimens, are observed. Thus, at hydropressihg of coal destruction
affects even aromatic layers, and the limiting pressures are 2-3
times lower in comparison with hydropressing treatment, Abruptly
the reaction prOperties.of coals are increased., For example, solu=
bility in benzene of hydroprzssed gas coals are seven times higher
in comparison with solubility of the same coal after hydropressing
by the same pressure.

Baroforming application in economy, main branches

Fuel Production Production Technologies | Food Production

Synthetic liquid Brown coal waxz. Bioactive substa-
fuel1 2 nces from peat,
Alkali coal reagent coal and lignites:
Coals with increa- Coal bitumenh poultry31 cattle-~
sed energy capaci- breeding', plant
ty1 ' Thermocoals; co&l-gra- farmingl, seed * P
phite materials? farming3. .

Non-traditional .
methods of coal ex- Layer~like compositions
“traction? of graphite?

Prediction of exp-

losive regigns of
"coal strata

Schemes of mechanical deformed state (0, 0'2)0'3 - main
esses, 51, 52,53 - main deformations): a - one-sided

ing in‘a rigid press-form, b - hydrostatic compression,
dropressing, d - extrusion, e - pressing with shifts
oped. ’

1prQSpect, 2labor'atory tests, 3industrial pilot plants, -
results of research 'and development ere applied in economy

The role of shift stresses in structure transformation of
materials can be demonstrated in experiments using plants of Brid-~
geman-anvil type. Increasing the shift by rotation of dies the 11~
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miting pressures were decreased for anthracite down to 0,05 Gpa
(in absence of shifting it is equal to 0.4 GPa).

Dependence of structural transformation character on MSD
can be illustrated using graphite, treated by three methods, X-ray
study of specimens demostrated that after hydropressing and extru-
sion (here. MSD can be compared) reflections beceme weaker (001)
1 -even. A row of reflections disappears, as follows: (101), (10;i
(202) and so forth, After hydropressing diffractional reflections ’
do not disappear, in contrary they become more intensive. Thus,
hexagonal framework of graphite at hydropressing and extrusion
transforms and becomes rhombohedric, and at hydropressing a cont<
rary transformation takes place /3/. :

. The obtained results permit to develop new methods and apply
coal materials in new branches of economy. This is possible due
to baroforming, a promising new technology for obtaining products
with desirable properties (see Table) /2/, ’

RESSURES IN MODERN TECHNOLOGY

Krivonos s
IMETMASH, Moscow, USSR
1] stages of science and technology development, materi~
tie¢s were one of the most important factors, determining
cliency of ‘social production and rate of its progress.
ay conventional methods of produétion and processing the
. rial for engineering - metals (i.e. casting, mechanical
_cutting, welding and heat treatment) have been brought
fection, But nevertheless these methods can't meet modern
ering requirements. '

a~reéult several new technological processes have been de~
d, They are based on the following: during naterial proces-—
a billet or an article is subjected to high all-round pres-
In some ‘cases during processing high temperature is mainta-
changed ‘according to the given law).
p to the present several such technological processes have
aveloped,. but the processes used most widely are hydrostatic
drodynamic compaction of powder and composite material, gas
¢ treatment of powder and monolithic material asnd synthesis
ynthetic materials.
iﬁdUStrial hydrostatic compaction is usually carried out at
3ures up to 400-600 MPa, and in some cases - up to I000 MPa,
shis process hydrostats have been developed which ensure tre-
it of billets with dlameters of I800 mm and length - of 300Cmm,
Experimental analysis, carried out in VNITMETMASH shows that
gome matérials during compaction processes billet holding st
mum pressure is not required, and speed of pressure increase
sérense does not affect article properties.
Accordingly in VNIIMETMASH quite new equipment - hydrodyna-
. machines have been designed which are manufactured only in the
« Principle of operation of hydrodynamic machines differs from
of hydrostats: high liquid pressure necessary for billét com-
n is generated for a short period of time: 1074-10"3. The
n pressure originates from ligquid compression by a piston, pre-
nary accelerated up to high speeds (I00-200 m/s) as a result
gases expansion, which liberated during gunpowder charge com-
tion. ’
In hydrostats and hydrodynamic machines liquids are used as
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épace where it is installed and safety operation con-
work consumed per one high-energetical unit working cy-
hi‘ﬁial estimation cen be considered as follows: Apop= 4,3,
ﬂp, where ‘Appg - total consumed work per one cycle, AM?,—
sical work of deformation, Ay - work consumed for elastic
‘asion of working medium, Agep -~ work consumed for elastic

nati - lements.
rmation of unit load-bearing e '
Noﬁ we introduce the concept of high mechanical efficiency.

working medium, providing all-round pressure on a billet. Thig
fact significantly limits the permissible level of working tempe~
rature. As a rule billet is treated at room temperature, sometime
the temperature is increased up to 550~400°C and only in excepti-
onal cases (when using special technological methods) the compaq-'
tion can be done at higher temperatures.

When hydrostats and hydrostatic treatment are used, there
are practically no limits to working temperatures. In this cage
gas is used as a working medium, which provides operation at tem<
peratures up to 2000—290000, and operating pressures during pro-
duction do not exceed 200 MPa. On VNIIMETMASH trial gas static
equipment stable operation at pressures up to 800-I00 MPa has be<
én provided., However within the next 5-10 years pressures in in<
dustrial gas stetic equipment will not be likely to exceed 250 -
300 MPa.

Significantly higher pressures are used on presses for syn~
thesis of synthetic materials in comparison with hydrodynamic
machines,

- N = Amex/Anon - _
riking media (liquid and gases) are characterized by high com-

'é§ n, when estimating high-energetical unit mechanical effi-
o kOne c¢an neglect the value of the work of lcad-bearing ele-

5 deforiation because

. Ape” haep |

6d on the assumption that . i

k = Amex/(Ayer+ Ay0) |

:?of“mechanical deformation of single volume billet can be con-

) : sred s follows:

Despite the difference in design of gas— and hydrostats, hy- o Amex = g pd(av),
drodynamic machines and presses for synthesis of materials the
whole range of equipment can be joint into onme class of high-enen
getical units which follows from mutual character of their main
phenomena inherent in the equipment operation,

The term "high-energetical™ has double meaning in this con~ , 2
text. As in case of conventional press-forging plant it meant that ' A = %—f% - In(I 4—%%ﬂ ’
a unit per one cycle performs considerable work, i.e. consumes - pe 9 dulus of liquid elasticity, b - equatio
considersble energy. However unlike conventional eduipment there ¥here Eo < volumetric mo ,
is quite different relationship between energy consumed by a drive fonstant, ses for.synthesis mechanical efficiency
of gas- and hydrostat, hydrodynamic machines and press for synthe~ - For gasstets and pres and for hydrostats and hydrodynamic
8is and mechanical work of deformation. This is bound up with the k,PraCtically eaual £o 5oxe, ° that of conventional press-forging
fact that in gas~ and hydrosbats and hydrodynamic machines the bile achinesg, it is ?uCh lower th?:h the fact that processes provided
let is subjected to treatment through high pressed media (liquids ’ipment- Th?s . bound‘ug :l the great extent on other physical
and gases), hence they accumulate great store of potential energy, thege machines are ba%é O‘ed oit on conventional press—forg-
The same is characteristic of presses for synthesis as their worke ongiiona; bhan processes, ca;rlconce t of mechanical efficiency
ing stroke is small, and the main cylinder holds a cofsidersble 14~ g equipment and for them The P
quid volume, and as a rule higher pressures are used in the drive,

Hence the second meaning of the term "high—energetical", when
used in reference to gas~ and hydrostats, hydrodynamic machines
and presses for synthesis: it emphasizes that when operating, the
unit systems accunulate great store of potential energy. This fact
makes specific requirements on seloction of equipment parameters,

e ;v 2 pillet volume change while applying all-round uniform

BSEUTS P )
W i edium elastic compression
Work A_ .y consumed for working m

be presented as followsi

oes not reflect the essence of the phenomena. ‘ .
At the same time from engineering point of view low me‘cin_
enl efficiency, connected with accumulétion of greatt?gzrig oon
téht inithe unit systems requires detaeiled considerati

groups of problems. ‘ .
. "PThe first group includes analysis of mechanical system p
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TCITY AND FRACTURE OF METALS DUE TO DEFORMATION
HIGH HYDROSTATIC PRESSURE

formance (most losded elements of hydrostats, hydrodynamic mﬁchi
unes, gasstats and presses for synthesis) in which great store of
potentisl energy is accumulated st simultaneous or quite high .
speed change of load. =
The other qne deals with reasons of this or that process se
lection expedience (hence this or that kind of high-energetic 1
equipmgnt) for producing specific material orp article. :
ssuref:ezgzzztizeY::2:; :;rrie: out in VNTIMETMASH in space "pre- : jations incorporating chambers with controlled hydrostatic
sours-tomporature-tiae ai:? 15 a'surface each point of which ire of working liquid. The ;nstallations were developed in
tace:te pvaeoron of on & cLllcte w1?h preset proye;ties. ,Qrétion with the Institute of Physics of Metals of the
invariant from an éngineer's stomer's pofnt of view. But it is net = Branch of :the Acadeny of Sciences of e e ron.
sovastant from en enginsss’ or operator's poi?t of view. Moreover, ‘g¢tfvarious mechanical investigations under the chamber pres-
oxample. aomnonry o L erat.are rather contradictive, We can, for 2 ranging from 0.1 to 1200 MPa.
ment weight, decreasespits 1ngt?ressure, which reduces the equip< Jplasticity PSP e N mtated by tne o
- Simultaneouély e cost and improves operation conditions, of shear deformation A p” Sp HaT, accumulated by the san-
ases production owi
ing cycle,
In VNIIMETMASH on the basis of the analysis of these prob-
lems a modern complex of high efficient equipment for produci
material with superior characteristics has been developed. b

\.Bogatov, 8,V.Smirnov, O.I.Miziridsky
> Urals Poly echnical Institute, Sverdlovsk, USSR

fhéfstudy of plasticity was carried out on universal test

. o
by the moment of macrofracture under predetermined thermome-

anical parameters and ordinary stress (where H - speed inten-

ty of the shear deformation, 7-deformation time). The effect of
he type of strained condition was realized quite recently /11/.

or this purpose we used different hydrostatic pressures in the

0 ihg chamber in various types of tests. To interpret test re-
s 1t is reasonable to use dimensionless invariant complexes

§ characteristics of strained condition: G/T ~ strained conditi-
) 'Uindex;d = -;- (611 + 6 22 +Q 33) - mean ordinary stress; T -

angent stress intensity) and Lode-Nadai index =2(6'22 —633)/

ng to increasing work-

6’11-'633). The combination of indicesé/’l‘ and Me makes it pos-
ble to evaluate the strained condition quantitatively and quite
efinitely, thus allowing to compars the results of various tests.

Ihdex 6 /T shows the mean level of ordinery stresse§; with 6 /T
5 0 torsional stresses prevail, while with(s /T < 0 - compres-

sing ordinary stresses are predominant. Index Jui testifies to

the type of strained condition; the value Mam 1 corresponds

+0 the  axis-symmetrical strained condition of compression or
stretching and » =0 to flat strainea condition.

k So far more than 80 steels and alloys of different grades
_have been studied. The plasticity of the majority of metals studi-
_ed increases with the decrease of strained condition index, as
éhown in Fig.1a,b,d. A number of aluminium and copper alloys show
unlimited plasticity under some critical values (6 /T), (Fig.1b).
The effect of the type of strained condition is variable:
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plasticity of alloy BT1-0 decredses with the increase Of/J& 3
while that of alloy AD1 increases; with steel I2XIMP the effect
of M on plasticity under various strained conditions is diffe«
rent. By now Jjoint effect of structural and strained condition on
plasticity is studied insufficiently though it can be essential‘
and variable., Thus, Fig.ld gives plasticity curves of low-carbon
structural steel after heating to 780 % followed by cooling in
air and in water, In the range of stretching strains plasticity o
heat-treated steel with strained martensitic locations is 3-4 ti-
mes low than after normalizing. The lowering of strained conditis
actively neutralizes the sources of inner superstrains which may
.-sometimes cause microcracking, that is why plasticity of heats
~-treated steel quickly grows due to realization of potentially
higher plasticity of finely dispersed structure., Sibstantial in<
fluence of the method of heat-treatment on the dependence of me=
tal plasticity on strained condition may be shown by the steel
J8X2MA  (Fig.1d). \ ,
During deformation of unstable alloys plasticity is defined
by the change of phase composition while straining and by the in-
terrelation of plastic properties of main and depositing phases.
Fig.1c gives plasticity curve of the allcy 0572002, Visible plas=
ticity gap is due to the formation of martensite £ which is more
brlttle than austenite.
The study of low-cycle fatigue under strain revealed the de=
crease of cyclic deformation effect on plasticity during the gro-
wing of compressive strains, and the value of Menson-Coffin in-
dex increases up to 1 upon reaching (@ /T),< ~-4.2 (Fig.2).
‘ Plasticity study results under hydrostatic pressure are wi-

Lp

12.0

80

40

o

20

dely used for prospecting metal fracture in technological proces=

ses of plastic deformation, This can be done by using the pheno=

menological theory of fracture /1,2/. The main conceptual parame=
ter of the theory is the defectiveness of metal ¢, Prior to de=
formation W=0, at the moment of initiation of cracking « =1, In=
termediates values characterize the level of metal defectiveness
due to deformation. To prospect the articles guality according to

1+ Metal plasticity curves: 1 -« -Fe; 2 - Ti; 3 - Nb;

Mo 505 - W (compositions); 6 - Al; 7 -I2XIM® ; 8 - AD1;
BT1-0; 10 - (0572002 3+ 11...14 - Cr3ci{the size of fer-
te grains 12 m.m.m., 20 m.n.m., 30 m.m.m.); 14 - O7 3 ¢on
ter:.thermal hardening); 15...20 -38X2MICA {tempering at

defectiveness one should . plot the characteristics of strained- OC% gggegéing at ?80 oc; norzgl%zing at ?iojoc -ttgggegc
A 3 . : a’ 3 normalizing at 8 C; normalizing =a H
~deformed condition (5 /T, Mo , 4 ) along the trajectory of ma= ng);/ub =0; }‘a . g 8 ’

terial particles movement; - get the diagram of plasticity /Qpand

coefficient 1/5' as a result of experiments (according to ‘the '

manner and in the form described in /1,2/ ), plot metal defecti-=

veness according to manner of /1/ and -« compare it with the ad=

missible value for the given class of articles.
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ON CARBIDE'S TREATMENT UNDER THE HIGH PRESSURE

iy
//3/ EMPERATURE CONDITIONS
30l +7 2 9 karashenidie. AJA.Kostava
05//% fetallurgy Institute of the Academy of Sciences
o eorgian SSR, Tbilisi, USSR ’
o
20}
i ¢ present investigation has been aimed at the search of the
__AL——“T""S providing the increase of mechanical characteristics and
1.0 - - e qualities of silicon carbide, This task is supposed to be
 with the help of high pressure and high temperature*.

hé object of the research was presented by both reaction-
red silicon carbide and by powders for their successive tre-
¢ flow mechanism under the high tem-

%0 20 -0 6T

Fig.2. Interrelation of Menson-Coffin ‘
- index and
ﬁtg:e i"dix & /T due to deformation by Cyclfz torsizgriiggg , t, based ‘on the specifi
I%XI%%I%% ?Igressure of steel samples 45(3), I ~15(2) end ture extrusion.
The device (Fig.1) admits pressure up to 1500 MPa under tem-

ture up to 2600 °c.

References 4
' The heating of bars is carried out on the apparatus of RF

I. Boraros A.A., Mmempmmuit 0.4., CmupHoB C.B
A, M ,B, P —~
Hozrg MeT8JUIOB NpPU 06padoTKe ,ﬁameguem. M. :Meggyr.g;pgnng?%g&

2. Koymoropos B.J.
© AypraR, TO70; f29 or Renkd, Rodopuamnn, pespymeme.M. :Merar-

Reaction-sintered silicon carbide or the powder silicon car-
idé'has been placed into a glass made of sintered alloy 75% Mo +
5% W. The research of the peculiarities of high-temperature ex-
ruéion mechanism has been carried out with the use of various fi-
'ng media (ferrochrome ~ 1400 °C, bentonite ~ 1700 oC. caicium
oxide ~-2500 %c and the powder SiC~ 2550 oC) having different sin-
ring temperatures. Depending on the temperature of the deforma-
ion the condition of the fillers changes from pouring to tough
and that should be taken into account while estiméting the pro-
cess. By the change of the matrix geometry the reasonable zone of
méterial location on the base of SiC and conditions for its uni-
form flow have been stated (Fig.Z**).
‘ Bars with pressed powder fillers inside the glass (p~100 -
200 MPa) have been covered above and isolated tb prevent the in-
_gress of outer medium (oil, some medium transfering pressure).
The volume of fillers has made up approximately 30%. The bars ha-
ve been heated up to various temperatures and have been subjec-
ted to extrusion;‘
' Fig.3 presents a plot of the change of the specific share as
a function of the temperature under the extrusion of the composi-

" Tepum AL ,Kapmue B.B.,Cxefnux I'.C.,OcTpoBepxoB B.U, KOHCTPEK—
HVOHHHE KapOUIOKpeMHM2BHe MaTepuanit./.MaumrocTpoenue,1972,I02 ¢,

** ‘pne Figure is given at the end of the book.
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te medium (75% Mo + 25% W)+SiC without back
#1.3; 1.7).

The problem of optimization of thermo-mechanical condition
of the extrusion of f11ting media against deformation resistané
which displays sensitivity to the temperature and changes in a"

wide range presents a complicated task,

Let's consider the kinematics of the flow of the two media
(metal-filler) whose deformation resistance is presented as kak(8)
Egquations of the physical state of such medium is as followsg

6/" 6*2/((6>%:'

Be+ 6+ 2k(8) %2 ;
Crg ’KCQ)I/./H

where 5;' , Ee,fpg-stress tensor components;

6’ 6"24‘ bs

£/~= fg)x,-g ~speed deformation tensor components;

.‘/ e, 2
H WE ot #¢ —Speed deformation shearing intensification;

8 ~current angle

~hydrostatic- pressure;

The kinematic speed field is accepted in the following form:

/t

U=-U,7~Lexp(-%52), (2)

where Ug -Speed extrusion;
o ~solution angle;

f" —parameter proportional to friction factor;

) Yoo (L) 6"

Fo , -parameters of matrix,

Finding U(@) andg U'(e) we get

o
H-zuaroex,o[-zé’

(3)
Under the condition of plastic non-uniformity of the kind
. 2 N )
K@) =Ko71+(4) 8"
for the physical state equation (1) we get
.. Y M 2 ’
bxKo [(2+ ) tar+ 6%+ C ()
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pressure (£ -FO/F1- -

u
,6;"‘50[(2“;-)&7'”%52"]*6’) (5)
Gooko[(2+F)trrs 287 ]re, @
g (7

T"I'G *H Ko <
_k -is the flow limit to the shear of the material in the

, ' ension zone,

hile the filling medium and metal flow simultaneously it's
ss}a'ry that normal and tangent of the tension for the metal
he medium when @zarshould coinside.

While pressing when back pressure of a;{ﬁdc) is applied for
ance to the outlet of the metal from the deformation site

have:
. Ko, r W
6o Ko [(24 7 )87, *

For . practical purposes é%%ﬁ;2 ko, then )

ook T Ne, Te 2 a_//
‘6‘;\- 2"0{'[(+2’6>£ﬂ/‘a 2'(@ 2 'l'/]
Equations (7) and (8) show that the central location of the
dium can ensure sufficiently uniform all-sided reduction of
he body (filling medium). This has been confirmed experimentally.
_ Reaction~sintered silicon carbide has been treated under
he pressure of 700-750 MPa and T. up to 1800 °c.’ ,
The powder medium SiC up to T of 2500-2600 °C and pressure
p to 500750 MPa. ’
~The central location of the medium (a1=0—15°) ensures uni-
orm flow and medium packing.
The experimenfal investigations have shown that the effecis
f pressure upon the reaction-sintered silicon carbide may incre-
se the bending strerigth 1limit up to 25% (from 180 MPa up to 220~
40 MPa) the compression changes by 0.1-0.3%. / ) ’
The tests of the above mentioned materials in the range of
h temperatures (800-1700 °C) have shown the teadency to a con-
erable increase of stability of mechanical properties.

§-1]+6n (bac) .

(8)

Conclusions:

+-The use of extrusion processes makes 1t possible to get compo-
site materials with the content of the medium on the base of
SiC. )
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NG OF DEFECTS UNDER HIGH HYDROSTATIC PRESSURES AND
DUSTRIAL USE OF HEALING PROCESSES

fu,Maksimov, G.A.Krivonos, R.S.Vasiljeva
/NTIMETMASH, Moscow, USSR

_For the last few years hydrostatic and high-temperature gas
ic treatment have been widely used for healing billets defects
ed by conventional methods of production and also for elimina-
n of nuclei fatigue damages in parts which guaranteed life is
~tially used.

Theoretical analysis* shows that if there are isolated sphe-
al pores in the material and they are such that relative den--
is i; and all-round pressure P is exerted on it, then in ti-
the relative density will increase up to the value of Y .

e t can be determined from the following equation:

g A V2: 6P (f-F)

Os 1+ Y2 -65/P-(1-F)

where p» and 6; are plastic viscosity and yield strength of the
material under treatment.

Therefore complete healing of defects requires times

tnz\/z_—;'f—— (1 -7)

(M

EXperimental studies confirm the theoretical results of the analy-
‘sis, Inexperiments billets of 40X steel were used in which de-
fecis have been caused artificially in the form of cylindrical ca-
vities 2 and 3 mm in diameters and 80 mm in length., After gas sta-
tie treatment for 4 hours at pressure of 140 MPa and temperature
W73 K defects vanished completely (were not visually found at
200x magnification). According to the equation (1) healing time
lUnder conditions should be not less than 10" s (~ 3 hours),

k For mechanical properties study in the affected zone,'stan—
dard ‘samples were cut from a billet ‘in such a way that the sample
_axls crossed the axis of the vanished defect at right angle. The
experimental results given in Table 1 show high efficiency of the

healing .process,
VYNIIMETMASH together with other institutes and plants succes-
ys hydrostatic and gas static treatment for producing

sfully emplo
from ductile

high—density articles from wide range of materialss
metais to hard alloys. .

¥Mackensi S., Snutte Worth R.Proc.Phys.Soc. 62, 833 (1949).
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sen=
after gas static treatment have been pre
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racteristi eters. On

4 aram
as functions of response p depended 0;‘:Zi: zs follows:
e modes) functions
s of studies (22

Ay T tAg TorhyoVp
A T+AST +A3V+AAP+A5T1 +ATy+AS TP +hg Tytig 4

Data shown in Tables 2 and 3 characterise the efficiency
.of such treatment for brass I3 59~I and zine alloy HAM4-I,
22 modes of operation have been studied for the optimal

“selection of high temperature gas static treatment parameters

for hard alloys. w that stable correlation exists bet-

defects healing), strength,
nding on modes

perimental results sho
changes of density (degree of oot
e viscoesity and properties uniformity

Table I, Mechanical properties of 40X steel after gas
static treatment

. atus.
Zone of sample cut 6p, MPa 6p2MPa| ¥, 2 89 peration in gas static appﬂ’t‘he obtained results, processing
S ideration _alloyed
Taking into cons . t of hard-a y
pefectless material ' 216 308 & 22.9 .« have been selected for gas static treatienabove-mentioned
Zone of defect 533 291 67.4 24.0 es ! is processes. The

. thes

ck-dies inserts for syn Aa..2.3 times

- dii {ncreases the block-dies durability by 1
~eptmen

Y imes.,
: ade synthesis reg
Table 2, Relative density value of brass epending on alloy gr

Material T«20 °C - Modes of treatment
condition, P=1500 MPa Tw20 OC; T=400 OC T=700 OC
. T=308 p=1500 MPa; p=500 MPa; P= 70 MPa
T=308+4T=l00 OC; 72120 s T= 60 s
P=1500 MPa; :
T=120 s
Initial 8,21 8.21 8.15 8.21
After tre- 8,3 . 8.33 . 8.37 8.37

atment

Table 3, Relative density value of zink alloy

gﬁzgfiign Modes of treatment
T=100 °c. T=100 °c; T=150 °c
p=600 MPa p=1300 MPa; p=1100 MPa;
=120 s _ 7=120 s =120 s
Initial 6.28 6.4 6.35
After treat- ) .
ment . 6,67 6.7 6.71

Treatment temperature T varies within the limits of 1200 °c =

1400 °C, maximum pressure p - from 80 to 100 MPa, holding time
at constant pressure and temperature: 0-50 min,, heating speed:
5~20 deg/min. Taking into consideration the versatility of the
éxperiment, its results have been summarized by means of correla-
tion~regression analysis (T.A.Emeljanova. Yu.F,Rudakov, V.F,Och-
kesova, G.V.Alekseev, A.I.Belinicher et al took part in the work),
Changing of physical-mechanical properties and material strudg
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’ i ST) of a preformed billet.
‘SSingr(5Zi§ziza::cmzz:azzz::ribli since it makes possible
»ghf;:oductive methods of powder materials fonzing :?:;r
\very important, permits to perform final ?rezeliiinar&
of plasticizer from a pressing (by means of p d

°£’p IOSOOC). It should be noted that at the sam
inslét 690..& nsity obtained at hydrostatic pressing is .

L o z ined at hydrostatic treatment (Fig.I) whic
ﬁt i density of the initisl product (powder in
:to'non‘unii:rzressing in the latter one) and, consequently,
rmer case

APPLICATION OF HIGH HYDROSTATIC PRESSURES FOR PRODUCTION OF
HARD-CARBIDE TOOLS

L.I.Alistratov,’G.P.Mikhailenko, N.G.Kasatka,
.'N.S.Gontarevskaya

Physico-Technicai Institute, Ukr,SSR Academy of Sciences,
Donetsk, USSR

Increase of durability of hard-carbide tools,
range of products, reduction of spec
and manufacturing cost are provided by the improvement of manufg=
cturing technology, Hard-carbide proeducts are manufactured by mes
ans of powder metallurgy: billets are pressed from powder mixtures,
Bubjected, if necessary, to mechanical treatment and then sintered,

Operation of billet forming out of powder is an essential
stage in the technological ¢ycle and it greatly determines the
quality of the obtained products, Hard-carbide mixtures are cha~ -
racterized by low plasticity due to bresence of hard-carbide par=
ticles in them ag the main niass, therefore to improve mouldabili-
ty and to obtain;high—strength bressing (at suffic
88ures) mixtures are prlasticized, Intp
bber, paraffin)is & forceq measure,
I0% by mass) is introduced, the mor
this makes it possible to uee nozzle bressing for manufacturing
profile billets of drills, reamers and so on, Plasticizer, how-
ever, unfavourably affects the quality of sintered products: po-
rosity increases, mechanical and performance characteristics be-
comes worse, distortions and cracks may aprear and so on.

There is one more aspect of the problem. The matter is that
c¢onventional forming methods (in moulds, nozzl ;

broadening of
ific consumption of materials

regsure.
on-uniform compacting under p .
Q; qnlihe technological point of view factor of cozsidzase
= essure incr
+ i ith hydrostatic pr
gthening of & pressing wi ) e
ngth?nlo? great importance since it allows to sub‘)“ectnt afier
?21 = chanical treatment thus minimizing its tregtme
g to me
L .
. i hydrostatic pressure o
‘ bjected to hy
't sintering of billets su seure ©
;ép\:heir porosity to the moment of the liquid pha:eusiil .
*Gfizeo 1%00°C) is about twice as small as t::t ;ase ual bi-
i therefore the liqu P
: t final pressing) ove o
s (Withois carbide particles in narrower capillariei azonsi-
9”F1y :ion under the liquid surface tension force: sof o
L er -
Pii; less sintering efficiency also-increasest 222d o ehe era
' : s ses, stresses ca
ially large ones, decrea ne e
’esieciiiniage magnitude and rate also become sma;l:;is o
it of 8 .
hintincreases the product strength. Thuson; BQ:nZ?hg ——
i of I. a
BK: with the HST pressure caxine
i ilioy I.8 times as big.as for drills manufacture v
ad 18 1.3...1.

iently low pre~
oduction of plasticizer(ru~
The more plasticizer (sometimes

ntional tec y ng, sintering).
tional hnology (nozzle pressi
k ﬁi h hydrostatic pressure treatment also produces such fa-

- e mixture com-
ssing at the expense of high ble effect as deformation action on hard-carbid
urable :

ing cracks. ag con-~
ventional pressures (50...150 MPa) used for pressing plasticized
hard-carbide mixtures a pressing with relative density of 48
52% is‘obtained. When the pressing is then g

- ompac essur cons er y e P 241 ing
/a/ ing Pr i a a ctsS a8 cles o O

. i destruc-
- owder which is manifested in their wear hardz? 2§;b1de o
etal i ';rface oxide films. However some SrindinsI 0 GPa indenba-
, 8su N ssele ;

+ néis observed. At pressures higher than10.9 e oarbides

' . i.e. vertices

. bide particles occursy of vertices
iépVOf C:T facez of others. This may lead to chippiii aefommation
o 1n)° £ carbides and asppearance of local plas
rounding) o

2/.

bide particles /

; : ts of tungsten car in tungsten

B contict poin in increase of dislocation density e systenm.
This results in the potential energy of the sy
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using high hydrostatic pressures (
ssing (HSP) of powder mixture in e

re to increase the press<
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ﬁEﬂPER}TURE DEFORMING OF MATERTALS AT HIGH PRESSURE

i shkova
k Physico-Technical Institute, Academy of Sciences of

density of dislocations /3/
ne Ukrainian SSR, Donetsk, USSR .

Application of HST hy

25% higher, ultimate defor.
higher,

Optimum pressur N
€ providing obtaini .
the most favourable set of g obtaining hard-carbide tools with

Sht?resslme makes bending strength TO-
mation and def ’ .
ormation work 10-20% The questions of hydrostatic pressing at temperatures up to
ere considered. The designed apparatus were efficient at de-
_Lmany structural meterisls. Influence of the above-mention-
ocepsing on variation of structure and properties of copper,
o-iron and & number of carbon and tool steels has been establ-~
. These variations are defined bty the cold-work hardening

cteristics as well as by the phase tramsition during low-tem-

The technology was realiz

ed wit :
raulic presses completed with h the help of industrial hyd«

high pressure sets,
ature deforming under pressure.

Metals possessing high~strength properties may b? produced
ough forming of optimal defective structures which are high-re-
tant to plastic deformation. The different methods of strain-

lu -
2+ Mikhailenko G.P. Effect of high T8y +~1977.-N9.-p.21-27, joat treatment hardening are used to create them., Usually ths

ssion of hyd. i ;

alloys.—F?il%ggﬁnoe 5t£Ucture andypigsgigigspggssrre compré- ; rmation st room temperature is accompanied by an essential
+Vysokikh davlenii,- 1982, sintered hard | 8 of strength for s number of materials due to dynamic recove-

The deformational temperature decrease results in the decrease

3- Chern:
y Yu.F., Mikhailenk
o G,P
- thermal activity and in the increase of a number of residual

of recompact «y Labiska
on fine gtruégﬁrgfogrégggfgesfét high hggrgégétig Sié Effect
‘ e ssures f
fects /1,2/+ So the low-temperature deforming of a number of ma-
erials at high pressure helps to retard a process of dynamic re-

ed all I i
0y BKIO// Powder Metallurgsti§37gf §§%ssingg of sinter-
’ +~dll.~p.76-80.
overy, This is the way to get high-defective and, probably, high-
rength structures. The utilization of subzero temperatures du-

:ng the deformation of materials undergoing phase transitions un- °
8T pressure may essentially increase a number of ways to get the

References
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lity of bri ' erny Yu.F. Inv ; .
quettes of hard- estigations of
static treatment// Powdzngggggide mixture POwdergozgag;ggiz

x/ )é 6', 88y

65} 4
0075 ; .
3 tructursl states of solids possessing scientifically and practi-
R . 11y important properties.
60 %, a- Without plas- 0050 y imp prope ' - '
kﬁLCGtOPS' 4 _ From the analysis of the obtained resulis it was established
gl i 8
o, 8- i hat the low-temperature deforming at high pressures acted effec~
851 row
dﬁ?O?&dsﬂ a025 vely on structure and properties of a qumber of structural ma-—
erials. ,
506_*—‘“‘L“~—-——4——_____L_ The extrusion of materials through the influence of a medium
éingfunder hydrostatic pressure was employed to effect the low=-
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gtlon of pressure at hydgg.gfes“ln
reatment (2,4), yaros

émberature deforming. The test specimen is placed in the high

preésune apparatus operating space. The extrusion fluid is conta-
ned in this operating space. The high pressure apparatus is pla-
ed in ﬁhe cryostat for cooling the tested material to a tempera-—

ure of P7K. The high pressure apparatus and the cryostat are po-
The press generates desired

€S of mixture BK
ati sin P a
v ¢ pressing (I,3) ang hydrgsiaggg

Fig.2. Dependence o
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extrusion pressure, In ‘some cases the precooling of specimens /,
was sufficient to obtain results which are on approximstion to
the results obtained during the operation of the shown apparatus,

It is known /4/ that the most important condition of succes-
ful hydrostatic extrusion process is the'appropriate choice of ‘an
operating medium and the machining tool shape., It was fevealed
that many of the known dependences were possible to employ in the
case of low-temperature deforming. Investigations show the possi=
bility to smooth the character of specimen outflow at subzero te~
mperatures using a mixture of glycerol and ethylene glycol as &n
operating medium and the operating media including isoamyl and
some other alcohols. The addition of substances (MoSZ) removing
the frictionel force in a site of deformation may have an effect
on the pressure level at which outflow of a metal occurs. The con=-
ducted experiments showed possibility to get specimens deformed
uniformly practically under isothermal conditious along the cross=
section as well as along their length during the low-temperature
extrusion,

Using described methods we deformed the billets of copper,
armco-iron, low-alloyed molybdenum, Y8 and P6M5 tool steels at
room temperature and at a temperature of liquid nitrogen to the
different degrees of deformation A = I.I7-3 (A = D2/DZ, where Dy~
: thevbillet diameter, DI is tne specimen diameter).

The structure and the properties of specimens received under
these conditions have been studied. The properties variation be-
) ing the result of the low-temperature deforming at high pressure
/2,3/ has been also evaluated. ' .
' Fig.I shows the cold-work hardening characteristic features
under low~temperature deforming. All the metals showed an increag=
ing tendency to cold-work hardening with the increase of a degree
of deformation as well as wish the incrdase of forming temperature,
This type of hardening may be preserved for some materials after
the subsequent heat treatment. It is known /3/ that the employment
of hydrostatic extrusion during the thermo-mechanical pretreatment
results in the improvement of the tool steel‘cutting properties.
This effect is attributed to the variation of austenitic grain
size and the variation of carbide reduction ratio under this pro-
cess of plastic deformation. ]

Influence of the hydrostatic pressing at subzero temperstures
on the phese transitions was studied using I2XI8BHIOT austenitic
stainless steel. Fig.2 shows the different character of hardening

sel deformed at room and cryogenic temperatures, The le-
st él hardaning under hydrostatic extrusion at room tempe-
5 determined by the process of cold-work hardening of aus-
as/in'this case the phase transition]f-uiis suppressed (at
the quantity of o -phase constitutes 4-5%, Fig.2 curve 2).
~temperature extrusion this level is defined by the in-
artensitic transformation (the quantity of « -phase consti-
YO%, Fig.2 curve I).
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HYDROEXTRUSION USED ‘IN THE PRELIMINARY THERMOMECHANICAL
TREATMENT CYCLE FOR IMPROVING THE COMPLEX OF MECHANICAL

increase of the post-deformation tempering tempe-
PROPERTIES OF MACHINE ELEMENTS )

*aemperature of the beginning of «-phase recrystalli-
')‘6f the hydroextruded steel is considerably higher (by
'thﬁt of “one upsetted. The recrystallization in the hy-
_8steel follows the mechanism "in situ" (Fig.2*) with
aries of initial fragments preserved.

peculiarities of the substructure formed in the course of
ﬁsxbn;permit to combine efficiently the processes of po-
on and strain aging during the tempering in the range of
ince the stmospheres and segregations are chiefly for-
he w51ls of ‘fragments, and the dislocations within them
He'thémselves forming the sub-boundaries of the second or-
s; the presence. in steel of strong carbide-forming el-
which strengthen the bonds of carbon in carbide, impedes
nging and ensures greater mobility of dislocations and the
{on of boundaries. The carbides left undissolved in the

of hesting contribute, in their turn, to preserve the sub-
ure at - high temperatures. The stabilizing tempering tempera-
for steels with a strain-sging tendency should besabove the
Ature interval of strain-aging but lower than tr » This tem-
re range for hydroextruded steels is widened due to the ele-

S.8.Dyachenko, N.G.Alexandrov, V.A.Zolotko,
E.L.Miloslavskaya, L.E.Gorelkova

Automobile Highway Institute, Kharkov, USSR
T

The use of high hydrostatic bressures considerably contribu
tes to the effective productionof pleces by cold plastic deforma
tion since it permits to obtain them from low-plastic materials
e single pass and achieve high surface quality and high uniformi:
ty of deformation in the section. As hydroextrusion is applicable
for producing pieces of high-strength steels, it is advisable ‘to
include this method of cold plastic deformation into the prelimi
nary thermomechanical treatment cycle (PTMT). The efficiency of
the TMT with the use of hereditary strengthening is primarily de<
pendent upon the thermal stability of the dislocational structure
formed and upon the possibility of its conservation during the fo-
1llowing heating up to the beginning of the o+ ytransformation. In
its turn, the substructure stability is a function of several fac
tors, the most important of which are: composition and initial
structure of steel, method and degree of deformation, post-defors

maiion heating conditions and temperature-time conditions of the
final heat~treatment.

on of t° .
he most important factor in securing the thermal stability
ubstructure is the increase of its homogeneity, i.e. the uni-
y of deformation in macro- and microvolumes which depends to
reat extent on the steel initial structure. In the given work
étructures were obtained for a I20X31% steel with carbides un-
i'mly distributed in ferrite and with carbides located ?ainly

ng the grain boundaries. It has been established that in the

éf case the strengthening effect after PTMT is greater by IS‘—
1£han that achieved under the same conditiong in the second in-

This work considers the role these factors play in the inhe-
ritance of strengthening in 45XH2MFA, S50HONPA, T20X3/'% steels. The
. deforming was performed by hydroextrusion and upsetting (§ = 30°«
35%). Prior to the deformation the steels were subjected to the
spheroidizing heat treatment that permitted to obtain disperssd
spherical carbides as well as to fix the boundaries of austenitic
grains, the size of which did not exceed 5 pm. The analysis of the .
thin foils of the deformed steels has shown that unlike the upseé'”
tting which brings about s chaotically distributed dislocation . '
structure, the hydroextrusion leads to the forming of a fragmen~
ted substructure homogeneocus throughout the volume with discrete
migorientaticn of fragments and with a number of dislocations pre=
served within then (Fig,Ix). This structure has & high stability
in subcritical tehperature range, which is manifested in & slower
decrease of physical broadening of X-ray diffraction lines of the

hydroextruded steels as compared to those subjected to the upset=
——

¥ The Figure is given at the end of the book,
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al structure, ’

tempering is inherited to some extent during the -+ transfo-
ion. This manifested in the changed kinetic paramete?s'of aus~
nite decomposition in pearlitic and bainitic regions similar to
hosé obtained during the deformation of austenite itself. As a
sull of the direct cbservation of the austenite dislocational
quure of a I20X3™? asteel hydroextruded in«-state it has been

¥ The Figure is given at the end of the bock.
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_ The: substructure created by the deformation followed by opti- -




found that the substructu Fappi ;
7¢ of ferrite is inherited during the o- 50T OF HOT HYDRAULIC EXTRUSION ON IRON PROPERTIES AND

) tranaformation (Fig.3¥),
STRUCTURE -

I. Kelachev, Yu. T. Antonishin, N. I. Yuriev

st Sma :
T e Froperties 'K he Physical Technical Institute of the Byel ;
sment  : G -~ T . : CV, the Physic ec c nstitute o e Byelorussian
3 s U8 1 0ol Gyl & 1 gt y, MI/u
: ; MPa | MPa ; MPa : g 1 %” : %1 : ademy of Sciences,
: : ! Minsk, USSR

45XH2MPA usual 2070  I740 1635 3.0 9.0 43,5

PTMT 2T40 1830 I750 5:5 I0.0 45,5

0
0
50H6MM usual 2155 I
s 720 1600 -
PTMT 2230 1840 T1720 - %g:g ﬁ%:g o

_ The mechanical properties of cast iron subjected to induc-

heating and hot hydraulic extrusion with subsequent oil

M ; , hing have been investigated. The range of extrusion ratio
- 50;2;::1c:1 tests of the hydroextruded high-strength 45XHOMPL ’
steels after the final heat t
reatment show that
PIMT with hydroextrusion o
results in the simultaneous
improvems
of stréngth,iplasticity and toughness (see Table); : et

& was from 30% to 95%. The tests were carried out at room
pérature. The investigation results are presented in Fige 1
Pig. 2.
' The curves in Fig. 1 ghow that w?th increasing the extru-
ibh'ratio in the procesa of hot hydraulic extrusion the ultimate
ength of iron billets>increases from 420 MPa to 900 MPa at
’ ~extrusion ratio. The ultimate strength of some billets was
e 1000 MPa.

Phus, the deformation of iron under the conditions of high-
iperature mechanical processing makes it possible to double
ultimate tensile strengthe.
With increasing an extrusion ratio bending strength values
£ iron billets monotonously increase from 920 MPa to 2180 MPa
ifrusion ratio of 83%, id. by a factor of 2.3,
- The shear strength values of iron billets also monotonously
”créése from 480 MPa to 750 MPa at the deformafipn ratio of T0%,
by & factor of 1ebe
The monotonous increase of plastic characteristics depen-
ﬁing on the extrusion ratio at hot hydraulic extrusion wes obser-

veds Thus, a sag on bending tests at increase of the extrusion

2 mm to 8.9 mm at the extrusion ratio of 83%,

= .
The Figure is given at the end of the book. ratio increased from
. aLly n I
- 333

332



2050

| 30
4900 // A / " "\t
1150 6/“ ~ ®
p 0 i 4 LA 20 A
Q. o 3
= ws0 A ¥ 3
3, 1300 A 5
g0l | |z 7 %3
= 000 i ?
ssol__ A le 05
0 L] i g : A 6.// 5 %
550L,. 1 g‘ b = =
“4oo ° S .
0 10 20 30 40 50 60 70 &0 v

Extrusion rotia, %
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g. 2.Dependence of cast iron plasticity on extrusion ratio.

‘extrusion ratia.

‘ ‘ ic investigation of iron sample
an elongation increased from 0.6% to 343%, id. The electron fractographic inv e

4.5 to 5e¢5.

by a factor of

Eéfuring (the examination of the whole fractured surface being

- 1 i indi i failure
In upsetting test carried out till the formation of a first atistically even) indicate that brittle intergranular fa

visible crack a still greater increase of iron pPlasticity was

suged by spalling on the grain boundaries would result in appea-
obtained.

The deformation ratio of nondeformed billets was 3% and

ng quite 'smooth surfaces in fractograms. In this case the grain
that of 79%-extruded billets became 28%,

{ i digtinct and microrelief is mainly presented by
ide it increased by undaries are dis
a factor of 9,3, ittle elements. | |
e ~fraoctographic investigation of fracturing iron
The hot hydraulic extrusion improves an iron fatigue resis- The electron-fractograp .

tance. The extrusion at 960°C with the extrusion

ensures a two-

ratio of 64%
fold increase of cyclic strength (at symmetric pur
bending with rotatlon) defined from 107

llets shows that in some areas transcrystaliine fracture is ob-
rved which is indicative of viscous failure. In a fracture of

i tion f brittle-viscous failure
¢ i billet trapsition areas of brittle~viscous
cycles ‘and in the range truded iron X

of limitedq fatigzue it increases the number of cycles before fai<
lure by a factor of 3 to 4.

re obsérved. With increasing the extrusion ratio the number of

these areas increases.
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TNFLUENCING FERROUS ALLOYS STRUCTURE AND PROPERTIES THROUGH
THE THERMODEFORMATIONAL TREATMENT DURING HIGH TEMPERATURE
GAS~PRESSURE EXTRUSION

s carbides with the lattice parameter of 0,417 nm. These

B are coarser and their percentage in steel is higher af-
athOBOOC than at 950°C, their average dimensién being

+7 nm and their volume fraction I3 and 9% respectively,
racteristic of steel after HTGE is a pronounced subgrain
ra’in the martensits crystals. Subgrains are not coarser
om, High dislocation density 1s observed in both types of
{curved-and-lath-shaped) . Axisl texture of ¢ I00> with the
races has been detected in steel rods after HTGE,

These characteristic features of the grain and fine steel

ure after HTGE are due to the dynamic recrystallization pro-
hat develop in austenite under extrusion conditions and
nate a6 soon as the rod cools on leaving the die.

’otb“after usual heat treatment and after HTGE steel strength
eLors, such as hardness and red-hardness, are thé higher the
6T the treatment tempersture is. A possibility should be noted
£ing & IOSOOC - HIGE for obtaining strength properties equal
nose after a usual heat treatment with the heating temperature
25000. In bending tests, maximum bending strength was attained
TGE~-produced rods deformed at the increased temperature of
0°. : '
,’/Bend angle for HTGE rods, as compared to usual heat treat-
nt, is so much greater (up to 20 to 50 times), that HIGE should
considered as a plasticity—inducing treatment.

Field testing of products manufactured of HTGE rods confirms
eir increased mechanical properties. Small diameter (£ 2 ‘mm)

ng drills made of HTGE steel are 1.8 times more resistant to

61t ture and wear than similar drills made  of commonly produced
teel rods. .

. Tn our experiments, the fact of the <I00> crystallographic
exture parallel to the extrusion direction has been established..
edominant exial texture as well as the lengthwise orientation of
. cortain part of the carbide particles bring about an increase in
ticity observed in bending thin rods and also an increased re-
,sﬁénce to breakage of small-sectional long products.

Another reason for the increased mechanical properties of the
GE steel is a profoundly new.combination of conditions which go-
n mechanism of the solution-and-precipitstion reactions in the
arbide phase at different stages of the HIGE process, that is,
uring heatlng for austenitizations during extrusion per se, in

he austenite state; ab cooling of the extruded austenitey at tem—
pering of the extruded rods.

A.P.Bashchenko, A.V,Omel'chenko, V.I.Soshnikov, V.N.Filimonoy,
G.S.Belousov, A.G.Koslova, V.I.Kiriyenko, Yu.S.Eonyayev, .
V.D.Berbentsev, V.V.Soclovyev
I
M

.P.Bardin Central Research Institute for Iron and Steel,
scow, USSR ’

. The thermodeformation effects of the high température gas-
pressure extrusion (HTGE) should be revealed and investigated. Th
present work was c¢onducted in order to study influence of the HT
performed as part of a high temperature TMT cycle on structure an
properties of a hard-to-deform high-speed steel,

In HETGE experiments, round rods were forced through on extr
ding die 2 mm in diameter. The deformation ratio was determined by
the initial rods size, extrusion temperaturese of 900°C and IOSOOC'
were used. For each steel, the operating hydrostatic pressure \
which was sufficient to force a given steel rod through a die, de~
pended on a steel's resisbance to deformation, i.e. on the ‘tempe<
rature and the deformation rate,and amounted to I00 MPa at maximum,
The deformation rate was I-2 s—I. The forced section cooling rate
wasg 15—20°C/s. Cooling conditions were sufficient to provide fora
deformed austenite to undergo martensite transformation immediate
ly at the outlet of a die.

In steel subjected to quenching as well as after HTGE metal-
lographically observed intergranular network is, evidently, the
premartensitic austenite grain boundaries inherited by the marten:
site, The grains are mostly equiaxed, recrystallized ones. Their
mean dimension after HTGE is considerably smaller than after a co-
mmon heat treatment (number I4 and 9, respectively).' k

After HTGE, the steel structure is martensite with retained
sustenite snd carbide inclusions. Unlike the common as—guenched
martensite structure, the HIGE martensite is mostly composed of
curved crystals and & minor amount of laths in pockets. There are
small retained austenite interlayers or islands between the mar-
tensite erystals, their amount being considerably less than in a
commonly quenched steel.

In steel subjected to tempering after HTGE, in addition to
relatively coarse carbide particles observed by usual light micro-
scopy, finely dispersed carbide particles can be detected using
electron and field ion microscepy. They can be identified as (W,
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TAL EQUIPMENT FOR HOT ISOSTATIC PRESSING OF

48 a result of HTGE, without any special tempering treatme
’ _ AND SOLID MATERIALS

the carbide phase contents in steel are at least 2 times grester
then after a usual quenching. This increese is accompanied by - a
corresponding decrease in csrbon and the carbide~forming elemenf
contents in the solid solution. It is prooved by the decrease-in
the austenite stability and the lessened amount of retained auste-
nite in structure. The carbide particles in HTGE-steel are fine-
dispersed and evenly distributed. -

Thus, an increase in mechanical properties as a result of gas
extrusion within the high-temperature thermomechanical treatment ’
cycle can be attributed to the following factors: the grain struc;
ture refinement; changes in martensite morphology and substructure

urovich, I.Fieldblum, A.Zverev, V.Snop, V.Trishkin
METMASH, Moscow, USSR

wbr d practice, hot isostatic presses are now widely used
‘turing of compacted powder billets and treatment of so-~
ials to improve their service characteristics due to hea-
ro and microdefects and also nucleuses of fatigue dama-
eared during the process of operation, for the production
quality parts from hard alloys and materials of "carbon-~
| type,
main design element of hot isostatic press is a vessel
lugs, inside which a thermo-insulating mantle and a cylin-
,heater assembly are placed, thus restricting a working zo-
i a billet, The argon gas pressure, temperature and dimensi-
e working zone are considered as the main parameters of
S A derived parameter of the hot isostatic press is an
srce acting on the plugs.
he design scheme of the hot isostatic press depends on the
gement of the device taking up axial forces, on loading and
'ing billets (upper or down), on mechanization degree of loa-
peration and the operation of removing the billet, and also
e ratioc of the diameter of the billet to its height.
m the safety point of view hot isostatic presses of VNI-
SH design are provided with multi-element frame, prestres-
th the help of a high-tensile strip or produced of some se-
_plates. The vessels are also of mulii-element design, pres- -
sed by means of a large number of separate rings or a high~
5 le strip. Such designs exclude the possibility of crack pro-
ioh and instant release of energy, accumulated in compressed
The number of design elements must be selected so that fai- '
_of one of them should not involve the failure of the others.
W én using prestressed design, the most loaded elements of
) 35 are under compressive stresses. As a result the proba-
ty of arising and spreading the cracks in them is diminished.
bsence of preliminary compressive stresses in multi-element
made of plates should be taken into account while calcula-
a strength of the design. In addition, it is necessary to
Wto consideration that the high-tensile strip makes it poa-
é to provide a desirable scheme of stresses in elements of
essed design.

tion along the extrusion direction; reduced retained austenite
contents,
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Hot isostatic press consists of the following main syste Maximov, Rosanov and others took an active part
.gas-supply, heating and cooling systems, hydraulic and slectr
drives, and a control system, Gas system includes a balloon s
tion, compressors, pipelines, gas apparatus and fitting. Gas s
tem is intended for creation of set pressuré in a working cham
of the press. Gas 1s fed with membrane compressors, thus exclu
ding the contamination of the gas by the fumes of o0il, The mai
element of the heating system is the heater assembly -~ a heate;
and a thermo-insulating mantle. Durability of the heater and t
mantle depends on materials and design made of these materials
and also on the quality of maintenance. Cooling system of 1ndus(
rial hot isostatic presses includes open and closed pipelines
circulation of cooling liquids. In closed part of cooling system

the distilled water, inhibited with anticorrosive additions,
is used.

pment)’ i

nnection with & rapid improvement and utilization of
‘c'processes of treatment it may be possible to exp-
the nedrest future hot isostatic presses with a dia-
the working zone up to 2.5-3 m and a height up to 6 m
loped. Working pressures from 250... to 300 MPa and

ure of 2573 K can be obtained.

Technical characteristics cf some of hot isostatic presses in
our country

mType Axial | Working{ Working Inner [Billet dimen-| Working
of force,| pressu~| tempera-| diam, sions, mm dia
press MN re, ture, of a ———
MPa K vesselldiam.| height
mm
TTC- , , -
330 3.3 200 2273 140 4O 100 nitrogen
T-450 4.5 100 1773 230 50 250 argon
TTC~ ' '
2000 20 200 2273 350 100 250 nitrogen
.I'5000 50 200 1493 560 320 550 argon
fl060I3 50 200 1793 560 340 550  argon
A060I5 50 - 200 1523 560 320 1000 argon
KI-370 125 200 152 300 630 1700 argon
H06016 125 200 1773 900 465 1800 argon
A06022 400 200 1525 1600 1100 2000 argon
Y40 400 150 1473 1800 1300 1500 argon

i

VNIIMETMASH in cooperation with other institutes and plant§
of the country has developed hot isostatic presses with axial fo
ces from 3,3 up to 400 MN.

Technical characteristics of some of them are given in Tabl
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MODERN DESIGNS AND TECHNOLOGICAL POTENTIALS OF coLp
HYDROSTATIC PRESSES

ni h-tensile strip or with a large number of separate

The main characteristics of cold hydrostatic presses

A.N.Kurovich, I.E.Feldblum, N.I.Zarankin, G.A.I1jin, ss-type" intended for operation on the method of

R.S.Vasiljeva, L.I.Gurjeva, V.S.Solodukhin
VNIIMETMASH, Moscow, USSR

-

. Working chamber dimensions [Pressing i;gficgf_
At a present time, both in the Soviet Union and in foreign (products), mm schedu tion

countries two technological methods of operation are mainly used diameter height »

for hydrostatic compaction of powdered materials: "dry bag" and 180-190 - ' g;&xﬁ:gly g}gcfgf'

"wet bag" compaction. The first of these methods is used in the dustry

batch production of identical products of relatively simple shaf 275 500 outwardly optical

pes. It is used, in particular, in refractory, electronic, elect

on core industry
rical and optical industries,

The method of "wet bag" is consi-
dered to be the most universal

electro-
one, It is employed for the manu- 40 30 égiﬁ;ﬂ}xk nictin—
facture of products of complicated shapes from metallic powders ner 1 d::c:¥b-
at a pressure up to 600 MPa, 250-290 = gﬁﬁxiif v iic in-
At present, work is being conducted in VNIIMETMASH for dex : dustry
signing cold hydrostatic presses intended for operation with

both methods, .

The method of "dry bag® is used in
having, as a rule, "frameless-type® design, The cold hydrostatic
press is a thick-walled cylinder (container) with a bottom and
a threaded bayonet plug af the top side (in some cases bayonet
plugs are installed on both sides of container)., The working pre-
8sure is generated by high pressure pumps .or multiplicator, '

According to this design scheme VNIIMETMASH has developed
cold hydrostatic presses with an axial force from 6 to 20 MN, The
main characteristics of some of them are given in Table 1, .

VNIIMETMASH cold hydrostatic presses whose operation is ba=
sed on the method of "dry bag" are mainly of frame-
The working container of such presses is a smcoth t
cylinder, in the bore of which near the sides,

’ ts
V en using the prestressed design, the most loadeitei:menos
‘ : k esu e pos-~
o rostatic presses press are under compressive stresses, As 3 rI S
: is diminished. In .
'ty of arising fatigue damages :
5 Zcéssary to take into account that the high—tensileiztr P
. le to provide a
' } tainer makesit possib
cially the strip of con e
e k ' in elements of prestre
le scheme of stresses od desien.
i ‘he high~tensile strip or another
noice: between the high |
Choéign depends .on the mass and cost of design assembli:s,t
- : actu-
ted technology, possibilities of production at the manu
plant and conditions of transportation. ot the fin
‘n cold hydrostatic presses of frame-type des gnhi . o
-pre -
e ssure was generated by gh-p
eneration, the working pres '
;'Jsfor muiltiplicators placed outside the power fram:ter ra
uﬁEIIMETMASH together with the Izhorsk Works named 8 o
’ n,
 d KSPO has developed a great number of machines, in; ui g
’ avin
t the largest cold hydrostatic presses in the world ) 0015
Vyl f rce of 630 MN. The main characteristics of som: [¢)
- : lable.2.
ostatic presses of such a type are given in Ta e origi-
In the-last few yeéars, VNIIMETMASH has develope !
resse
'l'deéign écheme for the frame-type cold hydrostatic i S
ipped with built-in multiplicators. The multiplicato ptEd .
lflfim)e‘t:h ower frame allows to restrict the pressure exer =
in the °
th;n 1 soirces to 150-180 MPa, and to create much higher p
rna

343

type design,
hick-walled

the plugs with
Packings are placed. Plugs must not be firmly fixed to the con-
tainer. For this reason only radial

pressure are taken up by con-
tainer's walls,

Axial force, resulted in the action of
Sure upon the plugs, is transmitted to a spectal power
The major advantage of cold hydr
type is a great safety of operation d
trators of stresses in container and

the pres
frame,
ostatic presses of such a
ue to the absence of concen=
thepossibilityofapplicatioﬁ
of multielement power frame and container, The multielement power
frame is made of separate plates or prestressed with the help of
high-tensile strip, and the container is prestressed by means of
342




sure, necessary on technological considerations, by direct com
ssion of working liquid in container. This design provides a con
siderable improvement in reljability and safety of operation -

SEA ING PROBLEMS OF THE BAYONET-TYPE JOINTS FOR BIG
SR PRESSURE VESSELS

nov, St.Vodenitcharov

garian Academy of Sciences
echnology, Sofia, Bulgaria

Table 2. Technical characteristics of the frame-type cold hydfos

tatic presses of the first generation
Institute of Metal Science,

Type of
prEs” | PO ik, | Mneantonmaher | workdng
) Mpa %iame— height .
er o
JIC e invention of bayonet-type joints for big diameter pres—
150/1000 20 400 150 1000 oil espels without any helical teeth of the flanges introduced
¢ complications in the main sealing assembly. First of all, the
350/1000 130 400 450 1000 _gap here is relatively wider. On the other hend, the same
; 306 700 1600 ot onal quality of the joint must be guarenteed for all sealed

706023 . 160 200 . 1000 1500 ¢ o arying widths and at any level of a given pressure in the ve-

630 350 1500 . 2500 e emU1§iOp The so called convex-concave profile of the sealing ring do-
- oil 68 in the practice nowadays because of its low helght (Fig.D.

i

iSn problems of the sealing assembly

Tt was esteblished by the autnors, that to prevent leakages

ne very beginning of the vessel filling up, by using the exa-—
e rofile, it was expecient to feed in advance the space un-—

the sealing ring with a sealing fluid at a pressure p, z 1.0

. It was:further established that the sealing assembly comple-

5 retsined 1ts functioning up to 4p = P, = Pr < 0.1 MPa, where

'as the pressure in the operating space. Under that level of
yssure difference there occurred fluid leakages. Up toap =-0.1
s the leakage level remained low and then it started rapidly to
&4,éése. In order to increase the function reliability of the sy-
am, one of the authors suggested a scheme /1/ - in case of in-
rrupting the sealing fluid flow from the external source to the
onet-type- joint, & connection is automatically established be-
sn the space under the sealing ring and the vessel space.

' According to a new design scheme, many types of cold hydr
tatic presses of [-3000 standard series with an axial forceyofos-
30 MH have been developed. The inner diameter of containers of
such presses ranges from 250 to 415 mm and the working length r
ges}from 750 to 2200 mm, The working pressure is within thi 1i—an’
mits of 100-600 Mpa, Design of cold hydrostatic presses equi d,
with built-in multiplicators has received a further developmSEE
in the course of engineering cold hydrostatic presses with an axi-
al force of 31,5 MN, It consists of container with a diameter of f
190 mm and a working height of 750 mm. Pressure of the externsal
drive may reach up to 200 MPa. This pressure can be improved to
600 MPa due to the built-in multiplicator. ’ ¥ tg
durinzniizeeri?g developments of VNIIMETMASH and experience gained

period of designing of these presses make it rossible
to work out the equipment the parameters of which will corr k
to the high world's demand. T

Mobility of the sealing ring .
The elimination of forced tightening of the two front seal-~
asurfaces of the bayonet-type joint introduced an axiel mobili~-
ty in the assembly, dependent‘on the pressure in the vessel, The
pealing ring was subjected to wear along the side sealing surfaces
é.'To ebaluate the role of this wear, the authors carried out stand
 é{ts of 'the examined profile sealing rings at a continued cyclic
koa&ing Wwith a value of the specific surface presaure up to 4 MPa.
345
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The sealing axisl displacement was varied within the range of 0
& mn., It was established that up to approximately 400 tycles wear
EPg of the ring materisl (chloroprene rubber; HShorez 743 )ﬁ: I.‘
0 Eg?é. > 8,0 MPa) remained within the limits, which did not caus
any disturbances in the normal operation of the sealing assembly,
From 400 to 2000 cycles a gradually increasing wear of those surfaces

, K
occurred, expressed by the appearance of macroscopic notches ae=
ross the direction of the displacement, However, noticeable effec ;2)>%€;§2>
of the notches on the assembly solidity was not observed untill S

I500-2000 cycles, | | )
Profile of sealing ring for bayonet-type joint of big dia
pregsure vessels,

chéme of the simulation model for mechanical exercising of

The authors assume that the elastomer behaviour in the sealed tatic load on the profile. . i

gap area may serve for a general estimation of the above top app-
lication limit of the considered profile as regards to the fluid
operating pressure in the vessel, having in mind that only here in ‘ 200! - e .
the body of the element tensile stresses may arise, as the appear~ , 1

/2/. This advantage was taken to build a simulation model for Pop- e

mulaﬁing & correlation between the fluiq static pressure and the 5.0

deformation of the sealing ring in the sealed gap. Fig.2 shows the .

scheme of the model. The letter A indicates the tested element - 425“”*4tU’

segment (symmetrical I/2 part) of the sealing ring, the letter B~ ‘{Ll B
a seat, simulating a part of the sealing ring groove, and the let- 10 ¢

ter C ~ the sealed surfacs of the bayonet Joint pressing flange.
The sensors DI and D2 measure the value of the surface pres-
8ing on the seat B side surface or on the surface C respectively,
which is exercised by the élement A under the influence of the
force F of the pressing piston K, Another sensor D5 controls the
change of deformation &of the element A in the sealed gap area,
considered from a point which is accepted for g conditional onset,
By varying the form of the front surfacesqvand'g of piston X and
the distance #7 of the surface ¢ from the tested element front, an
artificial equalizing is achieved of the sensors? DI and D2 indi=~
- cations about the tested fluid static pressure simulations. Accor—
ding to the expectation, asbove a certain degree of the element 1o~
ading, the change of the indicated by sensors DI.and D2 (Fig. 32)
forces follows a dependence of the riston K drive, analogous to
that of the force F. g
Some of the obtained test results are shown in Fig.4. The pre-

ssure values in the diagram are given as a function of the sealed.
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TMENT OP Ti-ALLOYS UNDER THE CONDITIONS OF HIGH
ATIC PRESSURE .

: ; i
,Popov, W.A,Beloglasov, S5.G.Ushinskaya .
jrals Polytechnical Institute, Sverdlovsk, USSR . .

l/.ﬂ#i-;;%’rl :J.L,,i et

sl L et
3

1191 with presently wide used rolling, pressing, forging
» deformation modes the regime of hydropressing is recog-
£o be applicable to treatment of Ti-alloys.

he aim of the present work is to compare the influence of
PPerent modes of deformation (rolling and hydroextrusion) on
in structure and mechanical properties of commercial Ti-
WT22. The forging-rods with section I6xI6 mm were examined.
_was carried out on the laboratory rolling-mill with roller
er 250 mm, The regime of hydroextrusion was rea}ized on the
ot (cold) hydrodynamic squeezing. The bar-heating up to
‘essary temperature was conducted with the help of high-fre-
y current, then the specimené together with graphite inset
1éced into container of high pressure. During punch movemeni
raphite inset destorted and filled space between the bar and
deforming instrument, being medium transfering pressure. The
me used allows to deform the bar in the conditions of all-

, ) |
’/)-:ir :-|-',:,::: el o
2.0 H !f f Nee!

. EIUL’%~-~ k,l_ lh{iw—%‘«la -
e i HHEN 1’
020 Wwe0d0 0w  Bg 2

e L T min
Fig.5. Curves of the variati i bime /
L 3 ions in th
deformation 6 in the sealed gap. Curvg gigeagfp:h: g%e?eﬁ;abogy
. ’

5 mmj curv - = 5
itPa, ‘b h 59m§1. at Pt = J12.5 MPa, b = 3 mm§ curve 3 — at Py = 5

2}
soit:idth. The value of & , measured from the conditional onset
o diz;zs tz frow in the time along different dependences of b a;d
ren evels of the test 2
adings dd/dz rapidly reaches :ccir:s:;re o che maoney e 1
y ptable for the pr ‘
e practice values;
example of the results' application Fig.6x shows a part of

bayonet-type joint of
a press ;
meter, P ure vessel with a 3600 mm inner dis.

und pressing.

,'Three principal different variants of combination of thermal
stment and deformation are realized:

’ Variant It The alloy deformation being in oné-phasa‘p_—condi—
n when the stability of BOC-phase is high enoughj hot rolling
droextrusion) at 950°C and above or deformation at room tempe-
ro after preliminary treatment on f -solution.

Vasisnt 2t The alloy deformation with two-phase (d+p) struc-
e which stability at rollingv(hydroextruaion) temperature is

hit deformation at*?SOOC and 20°C after preliminary snnealing

References

'

I . } prOﬁCTBO 38 yIUILTHHBaHB HE 61’:%30,]18;;0 IByBaﬂlO e INHE e
c HeBue, ABT;
CB. jE 3 634 BMI apﬂﬂ 16 15/46 . HB‘ Mapnﬁo-3y I . Ia‘HROBI g:
IS'DE‘ISBG' 800 Ce

2, baprenes T'.M., Byes 1.CQ. I

. Y80KUX MaTepnéuog, XEM%H,Jﬂ8g§gg?blgﬁg?aﬂggggggag?cggg?HaCTn;f Variant 3: The alloy deformation in which simultaneously with

v blling,(hydroextrusion) phase transformations proceed, connected

ith either p - or o ~phases unstabilitys warm alloy deformation,
jliminary treated on p<—aolution which at deformation tempera-
re is decomposed with o —phase formationj hot alloy deformation
_which two-phase (o +3) structure is created preliminary. It
g undergone polymorphic <« + B ;/8 transformation at the heating

'torthe temperature of hydroextrusion.
Thé hot deformation at temperature above 950°C (variant I)

¥ mre 1 R o .
e Tigure is given at the end of the book.
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£lons and it may be seen intensive diffuse disper:i:ilzt
ites of .o =phase reflections at micrographs. ci—p; :

on is accompanied by anomalous high alloy strengt ?ot‘on
iéa~for cases when in deformed material onlylp ~80 2t:r
f; The diecrease of volume part of the second phasiti;n
é:possible only on the primary stages of decompos - ,
'3at ¢chemical composition of forming particles is nt i
us. A long predeformation treatment at 600-650"C sfavo—
ﬁe'precipitate and rolling doesn't lead to d?crease :onSimE
rt of o ~phase. The deformation effect in this case "
cutting which influences well plasticity

doesn't lead to considerable changes in structure and mechanica
properties of WIP22 alloy. The elevation of deformation temperat
re up to IT00°C is accompanied by considerable brittleness of al-
loy end by lowering of plasticity values ( Y decreases from 30t
4%) which is caused by grain-size growth of p «phase, At some de-
gree it is possible to prevent the plasticity-losses at the cost
of increasing of deformation degree.

Rolling or hydroextrusion at Toom temperature (variant I) on
the contrary promotes the considerable deformation strengthening,
However the formation of many twinnings and ununiformly distribute
on the alloy structure dislocation zones doesn't allow to guaran-
tee high plastic properties after aging Lardening., ,

In this aspect more favorable is the scheme which is foreseen
by variant 2. The creation of stable two-phase (d-+p) structure‘
before hydroextrusion guarantees in the deformed material conside-
rable strengthening by preservation of high level of plasticity,
After annealing at 800°C ang following deformation at 750°C the
tensile strength reaches ~ 1I00 MPa and Y & 25-30%. The comparison
of mechanical properties after deformation at various temperatures
and following aging hardening demonsrates that optimal complex of
broperties may be received as the result of rolling (hydroextrusi-
on) at 750°C ang aging at SOOOC. In this case one succeeded not on-
1y to increase the strengthening values (GB may easily reach the
level I500 MPa) but also to breserve sufficient supply of plasti=
eity (Y= 20-25%) and fracture toughness (0.4-0.3 MJ/n2). The so
high complex of properties may be created owing to the presence in
the structure of alloy the massive precipitates of primaryxx-phase 
which were formed during preliminary annealing st 800°C and the
dispersive—étrengthened particles of the secondary phase, The disé,
locations formed during deformation are sites of precipitations of
. these particles at aging. The chosen temperature of rolling (hyd~
roextrusion) guarantees the wiiform distribution of dislocations
along the solution structure and therefore the uniform precipita~
tion of the second phase,

Important results are received by the alloy investigation
treated in the accordance with variant 3, The deformation in the
conditions of primary stages of decomposition of metastable p -
Phase (alloy rolling at 600-650°C preliminary treated on B -solu=
tion) leads to considerable decrease of volume of ol-phase partice
les formed before rolling,., The dissolution of the second phase is"
observed which is connected with the influence of plastic deforma=

tion. The structure of deformed alloy is described. by high density
350

ng and particle
ers simultaniously strengthening the alloy. Lod in
Anomalous influence of plastic deformation was reveale >
cré case. The alloy having stable (« +J3) structure was hy

i & transforma-
ruded at temperature above polymorphic p & o +p

(95000), {.e. in the conditions of thermal unstaZilizZi:anhe
Qphase precipitate. Mechanical tests of deforme :i N
t‘hat in the result of hydroextrusion the streng .
hCreased. The phase composition was near 100% of‘p —s; tie
'kréy analysis. Thus the both described schemes altilougimilar
rmation was realized at various temperatur?s lead :hi e
1ts in change of strength properties. We mind that. tie ot
be accounted for unstability of phase gomposition ;n e
ons of plastic deformation, The mechanism of animato:i Fren
hing consists perhaps in formation of considerable tetrag

1. The more optimal complex of mechanical properties of pii-
6~ -Ti-alloys may be received using warm hydroextrusion (roll-

N

- ; . _ e
g) at 750°C with obligatory preliminary annealing in two-phas
o +p) Tegion. . o N "
' J2 The plastic deformation carried out in the c?ndltlons o
stable phase equilibrium causées anomalous changef in alloz 8
ire snd mechanical properties connected with structure volume
ormation with heavy tetragonal distortions.

351

R




kn,of'the intermediate type precedes the pearlite
dn /2/ . Structure obtained in the intermediate region
Vv.S.Koviko, V.P.Saakyants » ‘ ent tempering is a ferrite-pearlite mixture with co-
Physico-Technical Institute, Donetsk, USSR : bides, In the
: surrounded by ferrite are observed.
ardness change at different deformation degrees was
lefine the efficiency of hardening steel with different
modifications. Fig.I shows curves for microhardness chan--
argest cold-work hardening was observed in plastic struc-
1 £ the least hardness in the case of small deformation
/ up to 20%). At further increase of deformation degree the-
‘r ctically no hardening, plastic ferrite matrix with dis-
bides was hardened intensively at negligible deformation
only. Hardening of materials having pearlite structure
of plate pearlite surrounded with ferrite) is weak under
mation degrees studied. The curve for hardening change of
sd structure shows that at different deformation degrees &
mild slip is observed characterized by linear dependence,
he 20=3%0% deformation interval the hardening threshold is
ed where formation of cellular dislocation structure is

STRUCTURE "EFFECT OF HARDENING OF CARBON STEELS

as-delivered state coarse grains of pla-

Cold plastic deformation combined with fhermal—treatment‘o
" without it provides changes in material properties.
Combination of plastic deformation with thermal treatmen
different sequences allows to increase the strength characteris-
tics of steel with conservation and even increase in some cases
of its plasticity and viscosity /1/.
In the present paper peculiarities of structure formation
were studied of 45 and 60 carbon steels in the intermediate regi
on as well as influence of this structure on hardening effect:an
increase of plasticity of these steels under cold hydropressing,
The intermediate-type structures were prepared for hydropré
sing using diagrams of austenite isothermal transformation by :th
following regimes: for 45 and 60 steels the austenitization tem-'
peratures were 880 and 950 C, respectively, the lsothermal hard
ning was done from 310 and 340 OC with subsequent treatment in
salt bath (55% NaNO2 and 45% KNOB) during 15 min with final coo-
1ing in water. As variants, structures obtained in the intermedi
te region with subsequent tempering at 650...670 O¢ during 1 ho=
ur with air cooling were studied. For comparison, as-delivered

Le.
v judge the influence of structure state of the material on

e of its properties under cold hydropressing we have studied
' aritles of structure formation in the intermediate region
ne case of 60 steel thin foils (Fig. 2" Y. In this case, the
‘ ce 6f ‘structure of the "feather™ type with a different dis-
vity degree was found. The - -phase crystals alternate with
ntite precipitations stretched along these crystals, At some
hase crystals the homogeneously oriented carbide particles
observed (Fig.2,a ),this is the specific structure of upper

steels were used having structure of plate pearlite.

Structure studies were done by optic and electron microsco~
pPY. The Glagolev method was used toestimétequantitativelystruc-
ture components. Strength and plasticity of steels were found un-
der tensile testing standard samples (type III according to GOST
1497-84). Billets were deformed by the method of cold hydropres- te, Besides, crystals of needle-like ferrite are observed hna-

sing with deformation degrees of 10, 20, 30, 40%, . ng carbide precipitations whose orientation doesntt coinside with
The investigation results of structure obtained in the in- ' ‘ 1ong axls of the o.-phase crystal which is typical of lower

termediate region have shown the presence of bainite and thin- ite (Fig.2, b3 Dark-field image in cementite reflex is indi-

e of the presence of disperse carbides of one orlentatlon in-
de the ® -phase crystals of lower bainite (Fig.2, ¢ ) This is
‘main peculiarity of crystalilcgeometry of cementite precipita-
ons in lower bainite which differs it from tempered martensite
aracter:zed by the presence of several orientations of cementite
ecipitations in each martensite crystal /3/. Alongside with bai-

-plate pearlite, the so called mixed structure. The amount of bai=
nite in 45 steel was 70...80% and in 60 steel it amounted to
26, ..40%, During heat treatment'of the carbon-steel massive sam-
ples in the intermediate region it was hard to obtain the bainite
structure only in the result of austenite transformation because
the region of intermediate transformation of these steels is not'-

clearly found and there is a common maximum of the transformation
he Figure is given at the end of the book.
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rate for the intermediate and the pearlite regions. As a result,




f

nite a thin-plate pearlite is also observed with thickness of'
mentite plates equal to 0.07 m and distance between them of 0,
(Fig.2, a").
After hydropressingVBO steel with deformation degree of 4

in the needle-like ferrite of lower bainite a cellular structu
forms. Small number of cells is observed which have clear c6
figuration and are free from dislocations, but, in general, the
cell boundaries are smeared (Fig,2, e*) because of the presence
of disperse carbides in needle-like ferrite, conditioning incres
ase of the dislocation density, delays the formation of cells h
ving clear outline /4/, In crystals of higher bainite the dislo=
cation structure forms and cementite precipitations prevent mo=
tion of dislocations (Fig.2, f*) restraining formation of clear

L. Thermomechanical Treatment of Alloys. -M.:
rgiya, 1968, .v.1, -594 pp.
non E. Special Steels. -M,: Metallurgiya, 1966, v.I.-

try of cementiue
uJA, Usikov M.P. Crystallogeome i
aiign inflower bainite., - Fiz. Metallov.i Metallo

1982, 53, N3, p.615-618,
’kd'L.K. Substructural Hardening of Metals and Alloys.-
auka, 1973. -223 pp. .
oy G.V., Utevskii L.M., Entin R.I. Transformations in
and Steel. ~M: Nauka, 1977.- 238 pp.
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cellular structure and to some extent limiting development of o 1200 ,;/’,
plastic deformation, However, cementite plates of both higher: bai — -
nite and thin-plate pearlite are not so large obstacles in the de 44001,/", %
velopment of plastic deformation as, for example, cementite colog 1000 _,~‘“"’ y
nies of annealed plate pearlite are, whose dimension is several ’_4-‘dr ¢;1~J
times larger as compared to cementite precipitations in mixed 900 /0,:::d’ ]
structures (Fig.2, g*). — 800 — -

The presence of disperse structures obtained in the inter- 200 [;::’Jt;,,f4 A_,—s——“ik
mediate reglon, peculiarities of formation of these structures A;—"q
1nf1uenced by plastic deformation at hydrostatic pressure stand 6004 ‘ LH?é
for possibility of obtaining necessary strength, plasticity and ‘500“‘~ y W Y —50
viscocity of steel which allows to deform it to a high degree with 400,____d — By’ T 40
no risk of failure /5/,. — \';:1"‘*,

The results of tensile tests are also indicative of high 300 T 30
plasticity of mixed structures. Thus, ultimate strength of 60 200‘-‘~'1F‘“-ﬂ~.___ ——120
6teel containing up to 40% of bainite in its structure is 1.3
+-.7 and reduction of area is 1.7 (for a mixed structure) and 2 100 10
times (for a mixed structure after tempering) higher than for the

same steel in the as-delivered state, For 45 steel containing up ’ ' 0 20 30 6’34 0 10 20 30 5,74
to 80% bainite in its structure the ultimate strength is 2 times ’

higher and plasticity remains at the level of the as-delivered ,
state (Fig.3). Steel of mixed structure after tempering at 650,;;
670 °C is or higher plasticity. Varying the quantitative ratio
of the mixed structure components, it is possible to obtain ne-
cessary combination of plastic and strength properties of car-
bon steels., :

The Figure is given at the and of the book.

‘ > " 3 i deformation degree:
.1, Change of 50 steel microhaxdnebs_w1th i
s—delivgred state structure; x — mixed structure; A-mixed
icture after temperings

. Change of strength and plasticity of 45 (solid lines)
60: (dotted lines) steels in different structure states de-
ding on deformation degree:

asgdelivered state structure; - w- mixed structures; A~ mi-
structures after tempering.
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= P . £(Cy P,(f), (D

Te the elastic constants of a crystal X, p = 1,2...6
angle of boundary misorientation. In the case studied
crysﬁals having twin boundaries) at P >T100 MPa there
esses T (I) sufficient for the pyramidal dislocation mu-
on (Flg 5). It was found that HHP action (P> I000 MPa)

e develoPment of multiple twinning and degradation of

stal plasticity under deformation at P = 0.1 MPa (Fig.2).
-5i alloy. Tt has been established that HHP preliminary ac-
W ﬁs in changihg all typical values of creep curves ¢ (t)
'alloy. After HHP action the increase is obseryed in the
anoous znd the maximum deformation before fracture, the
été.and the ‘duration of all types of creep and durabllity.
c¢o of ~the secondary-creep rate on pressure value is of
reme character with the maximum at P = 1000 MPa (Fig.2,b).
/Tﬁa electron-microscopic study of the Al-Si alloy structure
own the increase in mesn dislocation density after HHP ac-
}’3500 MPs (Fig.3). The characteristic property of the alloy
ation structure after HHP treatment is high local disloca-
 deﬁsity near inclusions and at interfaces, Under subsequent

p the dislocation tangles formed near inclusions at HHP action

CREEP AND DISLOCATION STRUCTURE OF METALS AFTER PRELIMINAR
ACTION OF HIGH PRESSURE

0.V.Presnyakova, V.I.Zaitsev, V,A,Fomchenko

Physico-Technical Institute, Ukrainian Academy of Sciences,
Donetsk, USSR :

It is known /I/ that preliminary action of high hydrostatiec
pressure (HHP) can considerably influence concentration of cryst-
al-lattice defects as well as mechanical properties of metals and
alloys containing inclusions or cavities.

The aim of the present paper is to study the influence of di
slocation structure formed during HHP action on creep regularitie
of anisctropic (Zn) and two-phase (Al-Si alloy) materials.

Material and experimental procedure. The investigation was
carried out on Al-I.3% Si model.alloy with incoherent inclusions
of Si of mean size d = 0.I4 pm. Under creep tests the Zn single
crystals were so oriented that the basal plane (000I) was paralle
to the axis of tension and basal slip was disabled there, HHP pre-
liminary treatment was done at pressures up to I500 MPa during t
20 min at T = 293 K. Creep tests under uniaxial tension were carri~
ed out at T = 293-3I3 K and P = 0.I MPa. The dislocation structuf}
was studied by such methods as electron microséoPy (in Al1-8i allcy)
and the etch pits in Zn crystals.

Experimental results and their discussiocn. Zinc single crys-
tals baving twins. It has been established that HHP preliminary
action on zinc single crystals having twins essentially influences
the characteristics of creep curves £ (t) at P = 0.I MPa (Fig.I).
After HHP action one can observe the increase of instantaneous de-
formation ¢, and maximum deformation before fracture é:max' the
rate of unsteady creep. The mentioned effects of HHP preliminary
action are maximum in the pressure range 600 £P =I000 WMPa (Fig.2, a)f

Structure studies have shown that HHP action results in dis=
"location multiplication in zinc single crystals containing twins,
At P 2100 MPa a sharp increase in the pyramidal dislocation mean.
density was observed (TFig.3). Comparlson of results of structure

" studied and of obtained dependences & (t) and & nax F) (Fig.I, 2,a)f
shows that the increase of plasticity and creep rate of zinc after
HHP action is connected with intensification of pyramidal slip.

According to /I,2/ HHP effect on cryétals with compressibili

ty anisotropy containing interfaces between the misoriented regi~

me disentangled.
According to /I/, action of HHP on crystals containing elas-

nelusions results in initiating of shear stresses at inter-
BG(K - k)

K(}K + 4G)

are G is the modulus of matrix shift, K and K are moduli of vo-
etric compression of matrix and inclusion. The results obtained
ow that at P» 500 MPa in the studied Al-Si alloy the stresses
_(2) appear which are sufficient for dislocation multiplication

(2)

(" (P) =

the aluminium matrix. '
Comparison of structure analysis results and dependencesééP)

at (P) obtained (Fig.2,3) shows that increase of the movable
max i . ‘ _

slocation density results in increase ctf plasticity and deforma

ion at all stages of the Al-Si alloy creep.

It is known that at moderate temperatures staticnary creep

elociby 52 is connected with density of movable dislocations

yy the relatlon

' = &p ™ expl-190) s )

yhere A and n are alloy constants, & and 51 are external (applied)

ons results in initiation of shear stresses Tyt 357
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" Fige.2. Influence of HHP prelimina
creep curves of zinc single crystal i
6= 15 MPa (a) and Al1-Si allo;'yata'l‘ihg}%nl% g‘zﬁns 2060 mpe Py, o

0 310 15 tam

0 1000 RMPa

Fig.I. Creep curves of zinc si i
e ngle crystals having twi =
293 &, 62 = I3 MPa and P = 0.I WPa: T - initial shate aftow HEP
§ €-F =200 MPa} 3 -~ 600 MPa; 4 - I000 MPa; 5 -~ I500 MPa&,

Dependence of mean dislocation density F on HHP value in
ngle crystals having twins (I, left scale) and Al-Si alloy
ght ‘scale). :

1ntérna1 stresses, respectively, U is the activation energy,
the Young's modulus. The extreme character of & o(P) depen-
e5 (Fig.2) is probably connected with the fact that HHP action
1ts in the dislocation density increase and thus the increase
nternal stresses O—i at Affi(P) = oLGbrfﬁ;) (where b is the
tgers vector modulus, « is a constant).

2983.5‘
&% ‘ &

Emnx
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; reatl t at a
REVEALING AND INVESTIGATION OF A BAROPLASTIC PHENOMENON , weakly dependent on the pressure treatmen o
UNDER SUPERPLASTICITY te 54u2.1o‘2 5‘1, when materials lose their superplasti-
» the conditions of a superplastic flow the plasticity
I.I.Papirov, E.S.Karpov, K.V.Kovtun, G.F.Tikhinsky,
P.I.Stoev; V,S,Shokurov, A.I.Pikalov

Kharkov Institute of Physics and Technology, the Ukrainian:
Academy of Sciences, Kharkov, USSR ) V

_smoothly in ‘the whole pressure range from 0.25 up to
\kthe-Zn;O.b% Al alloy, whereas in the 3n-38% Pb alloy the
after the HHP treatment decreases rapidly as the pres-
s up to 0.5 GPa and then depends slightly on pressure.
eJHﬁP'treatment of the Zn~0.4% Al and Sn-38% Pb alloys,
jute value of the plasticity decrease a6 1s about 100~
ﬁOO%,,respectively. The comparison of a8 values for

0.L% Al alloy with those obtained previously /1,2/ in test
hat the deplastification ef-

Tests under conditions of high hydrostatic pressures (HHP)
show an improvement of plastic characteristics of solids (Bridg-
man effect). The plastification of materials under pressure is s
explained by reasons of two kinds: mechanical (increase of a sph
rical compression tensor) and physical (pressure effect on the samples under pressure shows ¢
dislocation multiplication and motion) Until recently, the Bridg
men effect has been considered to be of universal character and
common for all materials. However, when testing the validity of
this effect for superplastic materials, it was found that the
plasticity of an ﬁltrafine—grained (d.~1/um) superplastic Zn-0.4%
Al alloy appreciably decreased rather than enhanced under the HH
conditions /1,2/. Thus, the phenomenon was found, which was oppo
site to the Bridgman effect and was called a barcplastic effect

re comparable. .
e pressure treatment somewhat enhances the yield strength,

the absolute value of the effect is insignificant. At the
time, the parameter of the strain rate sensitivity of the

1)
'mfn JIn6/ 21né after the pressure treatment of the Sn-38%

oy remains practically constant. In the ano.u% Al alloy

can decrease by 20-30%.

g creep test of the Sn-38% Pb alloy it :
uionship between the steady-state creep rate ( Eﬁ
'5 '6 has a sigmoidal character, typical of superplastic ma-
itial and pressure-treated samples.The steady

was found that the

) and the
under superplasticity or the superplasticity suppression under

the HHP conditions,
When studying the origin of this effect, the problem arose
if the observed phenomenon was associated with a direct applica=

1s, for both in N
creep rates for the samples treated under the HHP condi-

. comparable.

s and for the initial ones were also found to be
ain difference in the behaviour cf the samples pefore and

r pressure treatment consists in a shortening of the second 5
& duration of the creep for the pressure-treated samples,an
e~’ransition +to accelerated creep and fracture at lower defor-

tion of pressure during the tests or with the results of the ma<
‘terial stay under pressure. The problem was put to investigate the
properties of superplastic materials after their pressure treatnen

-Ultrafine~grained (d~1 - B}mﬁ superplastic Zn-0.4% Al and
Sn-38% Pb alloys were used as test materials. The samples of the

alloys mentioned were pretreated in a hydrostat under different investigations of the characteristics of a superplastic

ve and after the treatment of materials under the HHP

as well as preliminary struc-
chanism of a flow
the same!.

pressures ranging from 0.25 to 2 GPa with exposure under pressure The

for 2 hours. After the treatment under the HHP conditions the sam W befo ‘
‘tions, of the creep parameters,

41 studies during deformation show that the me
& And after the treatment remains, in principle,
e parameter m remains at the same level and the main (leading)

still grain boundary sliding. At the same time, the
e~treated and nontreated ma-

much smaller

ples were removed from the hydrostat and were subjected to tensi=
le and creep tests at room temperature.

‘The main result of this work is the detection of an appreci<
able deterioration-of superplastic characteristics of the inves- o
rocess is
ifférence in the flow between pressur

erials at an initial stage of the deformation is
£ the flow itself. Thus, we have to deal with
due to the pressu-

tigated materials after the pressure treatment. Figs. 1 and 2
show the variation of relative elongations of samples of the al-
loys (Zn-0.4% Al and Sn-38% Pb, respeciively) with the pretreat-
ment pressures. As under the baroplastic effect /1,2/, the plas<
ticity at strain rates € ¢ 2:1073 s=1 decreases with the HHP in-

han in the process o
'phenomenon, in which the structural changes,
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how Up weakly &t ‘the initial stage.of the deforma-
,‘hey initiate some processes having a marked effect
gical behaviour of the material , its tendency to
view of the above, further studies of the baroplas-
should be aimed at clarifying, on the one hand, phy-

3 of the phenomenon, structural changes due to the

+ and their influence on the mechanism of & superpla-
'ahd, on the other hand, on the mechanics of a plastic
on, mainly the process of necking before and after the
of superplastic materials under the HHP conditions.

rences )
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"and 1000 MPa after annealing at 680 °C had a high brittleness ih

THE EFFECT OF HYDROSTATIC PRESSURE ON THE DISLOCATION

srnal friction spectrum was registered in t
he tem
STRUCTURE OF «~Fe iy

j20-350 K to provide data on the dislocation structure,
ig.2 shows temperature dependence curves of internal fricti-
’ for specimens of armco iron deformed at various hydrosta-
essures, Curve 1 plotted for aimospheric pressure features
ternal friction peaks at approximately 150 and 270 k. The
peak is due to edge dislocations, the second to screw dis-

V.F.Shishmintsev, V.P.Ketova, N.L.Pecherkina, V.A.Pavlov

The Urals Branch of the USSR Academy of Sciences, Sverd-
lovsk, USSR

e

The dependence of the position of internal friction disloc
tion peaks of o/ -Fe on the hydrostatic pressure has been measured
for the first time.

The features of formation of the dislocation structure of

ions /1/. With hydrostatic pressure raised to 400 MPa the
’ter of the internal friction spectrum remains unchanged, but
e;ks are noticeably displaced into the region of higher

o -Fe during nydroextrusion were reported in /1/. It was shown ratures, the first one more than the second. The elevation
that under such conditions of deformation screw dislocations, ha drostatic pressure to 800 MPa leads to the further displa-
ving a high Peierls barrier and lower mobility than edge disloca= ' t of the internal friction peaks in the direction of higher
tions, predominate in the structure of iron. As a result of this, !

iron deformed by 25, 50 and 75% at & hydrostatic pressure of 400 Fig.3 depicts the temperature positions of peaks iversus hyd-
tic pressure., It is readily seen that the peak shift is ap-
mately linear. The internal friction peak pertaining to ed-
‘slocations has a more pronounced dependence than that res-
ble for screw dislocations,

shold and a low impact strength.

However, hydroextrusion is characterized by a - complex
stress state and, consequently, the obtained resulis are difficul
to interpret. It is natural that a need has arisen to carry out
such investigations with & less complex stress state.

In this investigation specimens of armco iron were subjected g together, The internal friction peak due to edge dislocati-

moves toward the peak of the screw dislocations, the position
the latter changing little. This can be interpreted as follows:
dge dislocations change into dislocations of mixed type, the-

F strew component conlinuously growing with the rise of hydrosta-
pressure,

Such a variation in the arrangement of internal friction
ks of edge and screw dislocations leads to their gradual dra-

to é uniaxial tension on a high-pressure set-up intended for tes
ting materials under conditions of complex stress /2/. Castor 0il
was used as a medium for transmitting pressure which was varied
from atmospheric to 800 MPa and was maintained at a constant leve;‘
during a test. The deformation rate was 50 mm/min, All the tests
took place at room temperature. The working parts of specimens mea
sured 100 mm.{length) x 6 mm (diameter). Prior to deformation the
specimens {8 e annealed in vacuum 10’5 tor at 1200 K for three ho-
urs. After deformation no additional heat or mechapical treatment » a structure having mobile dislocations of the screw orientati-

If we admit that with further rise of hydrostatic pressure
behaviour of the peaks remains unchanged, then at a pressure
about 1400-1600 MPa both peaks may merge. This will correspond

was given..

The specimens were stretched on a tensile test arrangement,
Fig.1. The tension was applied to produce a 5% length increase of
the specimen, the tensile strain remaining uniform along the en-
tire length. Such an arrangement made it possible to investigate
the effect of hydrostatic pressure on the character of the dislo=
cation structure being formed with axial tension.

The dislocation structure was studied by the internal fric="
tion technigue using an wElastomat? unit, the natural fyrequency of
the specimen oscillations being 3000-3500 Hz and the amplitude 10

 The obtained results do not contradict the available data on
effect of hydrostaiic pressure on the movement and formation
dislocations /3/ and agree with those of /1/.

’ The authors wish to thank Yu.A.Axenov and I.L.Chernogorov

or 8id in carrying out the tests.
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VSSﬁhES'IN PROCESSES OF METAILWORKING BY COLD PLASTIC

tute for Superhard Materials, Academy of Sciences of,
krSSRy Kiev, USSR :

Tnstitute for Superhard Materials of the Ukrainian Aca-
ciences has been conducting comprehensive investigatione
o physice and mechsnics of the tool-workpiece interaction
process of the stepwise cold plastic deformation. This per-
o develop power- snd materials-saving high technology pro-
for machining engineering industry components resulting in

d performance properties.
6 of the most important factors in the propdseq technologi-

cesses for axially symmetric deforming sleeve- and tube-
mponents (expansion, deforming broaching, reduction, etc.)
rasented by the contact pressure present in the tool-workpi-
teraction zone which defines the ‘surface quality of compo-
machined. Stresses developed within the tool-workpiece in-
ibn zone in the process of the deforming broaching are of a
interest as they reach high levels, define friction proces-
ufing the relative sliding and the wear rate of a tool, they
_the development of heat in the contact zone, the roughness
he surface machined, the efficiency of lubricants used and the
ged-state of the body deformed. It has been shown that all
components of sleeve-~ and tube-type cad be subdivided intp two
ps, that of finite and infinite wall thickness and that of va-
| gtress-strain state in the tool-workpiece contact zone. In
onents belonging to the first group the contact pressure in
tool-workpiece interaction zone can varyand reach 6 to 9 yie-
oints in metal machined depending on deformation conditions and
jponent dimensions. In components belonging to the second group
: contact pressure can reach a limit equal to 2.6 Qp where der
_the c¢ritical contact pressure and does not grow with further
curences of contact with deforming elements, the pressure being
ned by the bearing capacity of metal in component withirn the
ntact zone and is independenf on the deforming conditions and

e component dimensions.
The contact pressure values and their interrelations with the

roing conditions are brought about by the tool (deforming ele~

nts)-workpiece interactions. The pattern of the interactions in
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 yhe'working surface of the element is conical com-

q”MPa

'régions; the contact region A, the out~of-contact re-
ted in front of the element defining the width of

2500

_and the out—of-contact region B located behind the de-
ment which sizes the diameter of the machined (Fig.T,8).
ldtions between all the phenomena taking place in the

eCe Interactions zone are 80 complicated that cannot be
ated theoretically as yet and have therefore been stu-

.

rf entally. Fig.I shows the influence of the out-of-con-
.6 relative to the contact one, I.5 13/1 (1ine I), the wall

1000

500 5

By b (line 2) and the tightness, a, (line %) on the con-
sure in the process of the deforming broaching of a 45-
be with the initial hole diameter of 50 mm. It can be seen

vthat high contact pressures developed during the defor-
saching confirm in an indirect way the existende of the
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ontact deformation zones in the process. Naturally, the
"respures rise with the wall thickness. It was also dis-
in the process of the cold stepped plastic deformation of
nte the existence of a critical contact pressure causing an
ve local plastic flow in the tool-workplece contact zone

wn that the value of the critical contact pressure for a gi-
al is invariant in relation to the tool geometry, the defo-
on level, the dimensions of the component deformed, the lub-

. ysed snd - is equal to the true rupture stress for a given

It was found in our studies that in the process of breaching
in sleeves of both finite and non-finite wall thickness the
um surface hardness of a sleeve would be of the same level
given mebel and equal to the hardness measured at the neck
éiapecimen ruptured under tension and prepared of the same

, This finding allows to define limit contact' pressures when
ning'holes in components of non-finite wall thickness if the
al hardness which can be obtained when hardening the metal of
t is known. Fig.I depicts the interrelation between the phe-
na in the tool-workpiece contact zone in the process of broa-
ﬁg oles in components of any wall thickness based on the phy-
constant of the metal machined, i.e, the true stress at the

k of the ruptured specimen 5.
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USE OF HIGH PRESSURES OF THE LUBRICANT ‘IN INDUSTRIAL PLAS
DEFORMATION PROCESSES

- 2
, _ o
- L 1a]T - 6apv (T - 2D/ ],
i " ) fn
ngth of nozzlej h is the gapj o is the p%ezoipe i
5k'ty; i5 the dynamic viscosity of lubricant un
o y

G.L.Kolmogorov, V.Yu.Shevlyakov Tu.A.Barkov, V.L.Karlinsky ;
' ’ | ’ pressurej V. is the speed of wire-drawing; q is
0 .

Perm Polytechnical Institute, Perm, USSR N

- ‘ | ubricant: throughput. it

;ogicél properties of lubricants depend to a c;nlib

t i ting of lub~-
n the dissipative hea

on a temperature, soO : -
“'12 taken into account in hydrodynamic calculatizddle

Bivén off in lubricant volume, is evaluatedj the mre -

. ofklubricant and the pumping ability of nozzle a e

“tefms of ‘'equation of a heat balance. Thi pizss:zz zhe
ozzle increases with increasing in the velocity

éng’bh { o 1) A | he decresasing of nozzle leng th is achieved
33 ey Fi g ) r 5] (h is the thickness of .
opt o (o]

The outer friction plays an important role in plastic defo
mation processes. A great amount of énergy, necessary for the vl
" stic deformation, wastes on Overcoming the friction. The frictio
8ives rise of wear of tool, leads to the appearance of thermal
Btresses, frequently limits working velocities and lowers thae qu
1lity of a product,

The realization of fluid friction regime is the most effec.
tive‘way of friction forces decreasing. This regime is provided
either by the pressure feed of the lubricant (hydrostatic feed) | tion). The optimal nozzle
by the discharging of lubricant under force from the workpiece it ~Jayer in the site of deforma ?0 .
self (hydrodynamic feed). At present time the hydrodynamic feed 5 equal /2/ «
the lubricant has a vast using in such plastic deformation proces - iz pe f(I-17 P“)/2(£ﬂovo
868 as wire-drawing, rolling, die forging, sheet forming and hyd= .0 F ian fluid in rolling (Fig.2)
roextrusion, There have been developed the constructions of lubri ¢ hydrodynamic effect of Newtonl:i iubricant layer between
cating pump unite and a body of mathemstics for their calculation ' imsted by pressure, developed in the lul

The technological_parameters; providing a hydrodynamic lubri 1d strip 1. J/R)
cant regime, sre calculated by means of continuum mechanics equa- P= " In(T - 6dfbV°. 1 '
tions, A set of differential equations of motion; incompressibili
ty and eénergy balance, characterizing & lubricant flow is written
as follows /I/:

'[Gij(p’t’vi)-]'j =Qwyg 4
Vi1 7 O
Q8 L)+ T(p,t,H)eH =9 et

of optimal gap sizes h

£ the
i ount the geometry ©
‘JI is the parameter, taking into acc
o i 11 radius.

jayer; R is the ro + teren
can# cez p;essures increase and friction coefficieni Jocr.
"PTOd:h increasing of rolling velocity and roll radius,
_with the
_decs ing of reductions. o ebusted
 dec?eaSth: hydrodynsmic lubricant theory, one can maion ua
Uzznif the working liquid parameters in hydroextruslon.

~ . . ; drody-
where()i. is the stress tensor; P and t -are pressure and tempera quid viscosity, necessary for the provision 9f hy J

ture of lubricant; Vs is the component of velocity vector; w; is
the total derivative of velociby with respect to time; ¢ ; 1 and ¢
are density, heat conduction and mags heat capacity pef degree re< 3
spectively; T and H are intensities of tangential stresses and ve-
locities of shear. At the time of investigation of the lubricant
flow behavior initial equations are simplified aad main technolo
gical tasks have been solved in terms of approximate equations of
Viscous liquid motion,
The hydrodynemic lubricant regime is realized with the help
of nozzles, providing the discharging of lubricant to the site cf
deformation. The pressure in the nozzle in the case of wire~draw-

370

king 1i
fc iubricant regime, equals /2/

- dGey /5 P
Ho = hotgaM(I - e " 8)/3av e s

e the pres
he re pK is pG

erating liney s ;
dorinl drawing industry the scheme, overlap-

re is known in wire : » . o
9z;Zroextrusion and hydrodynamlcally-aided drawing
g

d b ng
oW the scheme of this process Moﬂln.g within the rin& PaCki
:
: &

is's
sure in containerj oLy is the élope of :hzdjf
is the resistance to deformaticn of extr
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ty on nozzle's pumping

-alded wire drawing: T —'thd

r under the pressure differentiasi P ~Py the working 1i-
ides the hydrodynamic reinforcement., The hydrodynsmic
s calculated as

' T, = 2auV, 1ka(§K,§),

: a/r vo(ri - ri) is the reletive throughput of pumping
iquidj 1 = Ty /T
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USE OF DISLOCATION ENSEMBLES FORMED UNDER HIGH HYDROSTA-

s re the
TIC PRESSURE FOR OPTIMIZATION OF STEEL STRUCTURE deformation of steel with such a structu

cation is increased up to 107! cm™ and more.
éﬁ,is inhomogeneous, but the clearly pronounced

e iS'not revealed, In both cases recrystalliza-

d af comparatively low temperatures (923 and 873’K,
goes ori’at a high rate, irregularly, with sharp

T.E.Konstantinova, V.I.Zaitsev; E.I.Lyafer, A.A.Dobrikov

Physico-Technica'l Institute of the Ukrainian SSR Academy
Sciences, Donetsk, USSR

It is well-known /1-3/ that plastic deformation under high
hydrostatic pressure (HHP) in combination with heat treatment v
barothermomechanical treatment - can be successfully used for in-

Z#i:if:nt including the tempering at 873 K before
pressure, is of & particular interest. Deformation in
‘ ’S causes the all-round-forming of the*cells of 0.1 -
possibility of plasticity increase without strength decrease has ize, and misorientation 10-15° (Fig.2,a ). At follow-
been deficiently investigated, ngythe uniform structure with grain size 0.§—I/um is
The investigations have been carried out on commercial steel, resulting in two-fold increase of fracture ener-
30XfCA and XI2M steels, per brittleness state and L40% increase of yield stren-
this case, the temperature of the start of recrystalliza-
reversible temper brittleness, Steel treatment consisted in hard
ning, high tempering in the temperature range 773-973 K with wa<
ter-cooling, hydrostatic extrusion with the reduction ratio 50%
and final high tempering. The brittle state was achieved by tem
pering at 773 K or 923 K, the cooling rate was 30-50 K/hour.
The main tharacteristics of the mechanical properties were
controlled. The microstructure was studied by using the method of
transmission electron ilcroscopy. The femperature of the start of
recrystallization was estimated according to the data of structu<
ral investigations and hardness variations.

973 K, . .
erefore, predominant influence of preliminary tempering

s to forming of a structure, in a process of hydreostatic

of which, the forming of cells is promoted.

S{eel XI2M is tool steel having high strength, but very
kréserve of plasticity. This is due to the fact, that mar-
te of high-carbon steels is mainly twinned one. 0
The steel investigated after annealing was hydrostatica 1:s
ssed with the reduction ratio 50%. Furthef, a part of samiin
subjected to heating up to 673 K, austenitization, querllzq di_
iow—temperaturé tempering. The second part of the samples o
ed was quenched without inter-heating. The samples after g

The barothermomechanical treatment causes increase of frac-
ture energy at any variants of initial tempering used in the gi-
ven paper. This effect is the more pronounced, the higher the tem-
perature of tempering. However, with due account of strength ob-
tained and thermal stability of steel, the regime with initial
tempering at 873 K is the better one. It eliminates practically
the dip on curve of fracture energy dependence on tempering tem-
perature (Fig.I).

The different levels of properties and thermal stability are
due to changes in dislocational strucuare of steel. The steel pri
or to deformation tempered at 773 K, shows high density of ran-
dou distributed dislocations (p>1011 cm_z). Such structural sta-
te turned out to be stable enough and subsequent hydrostatic pres-

: ow tempering were the controls.
hi:i :2: istablizhed, that using of hydrostatic prefsur; ig
bination with thermal treatment makes possible th? ‘.S;hz o
Crease of fracture‘energy without hardness decreasing. o
59»of heating at 673 K of the samples deformed has a :zg iho
féctVon steel properties, which appeared to be lower, en
. trols. ‘
?fstizcz32al investigation shows, that deformati?? in tﬂe H;i;
onditions causes forming of cellular structure (Fig.2,b Z.fa—
116wing heating favours the polygonized p#ocesses. It wastatic
und ‘that after quenching in the samples subJ?cted to hYdf:te e
 pressure with inter-heating at 673 K, the twinned marte:?t oo
ent is decreased compared to the controls and its substitu

Sure does not cause the forming of ordered structure, Preliminary
tempéringvat 973 K provides the resonably low density of dislocas
tions (P ~ 1408 em=2) and the high degree of carbide phase coagula=
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given at the end of the book.
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* with dislocational martensite takes place (Fig.2 c*)
ety

nion, this fact determines increase of steel plasticity.

ting of the defect structure at %~y o recrystallization
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. In our opi

Lo Inter~
-heating plays a part of stabilizing treatment favouring inheri-

"ON OF SHAPED HOLLOW ITEMS BY METHOD CF HYDROSTATIC

Ralachev, N.I.Jurijev, Ju.T.Antonishin

hysical-Technical Institute of the Byelorussian Academy
Sciences,; Minsk, USSR

In vdarious technical fields there is a big class of items ha-
‘haped internal relief (e.g. dies nnd some parts) which pro-
n involves. substantial technological difficulties and a
labour consumption, In some cases it is most advantageous to
icate these ifems using shaping hollow billet by a high-pres-
liquids

The machine for hydrostatic reducing (Fig.I) comprises
ayef container I, a lower seal 2 and a mandrel 3. The pressure
erator is a hydraulic press of 20 MN press force. The shaping
é“billet 4 is performed in the following way. A working chamber
the contalner is filled by a liquid 5 and then the billet is
laced. During a working press pass the billet is lowered down, the
iquidiis compressed, its pressure increases and the billet is

a mu-~

uced.
~In this way a number of dies has been produéed from the XI3
JOXI} to 40XI3) stainless tool steels with a wall thickness up to
O mm (Fig.2). The maximum liquid pressure in the working chamber
52000 MPa, The labour consumption for shaping a die working
_surface decreased by a factor of I00 as compared with prior-art
operations such as machining on metal-cutting machine tools with
sﬁbsequent hand polishing or electroerosion machining. The dimen-
ional accuracy of dies increased. This is the result of replacing
the operations which cannot ensure a multiple reproduction of si-
fées. A high similarity of dies is especially important when opera—
ting on multiposition automatic lines designed for production of
glass items. In the case of great variation of sizes and surface
finish classes .glass items fail on their subsequent quenching dus
to high thermal stresses. This machine can be used for production
of various items which overall dimensions fit those of a working
_ chamber with. the ald of replacing a shaping tool (a mandrel).
’ This makes the process of hydrostatic reducing efficient from
the economic vicwpoint even for a smali-scale production.
/ The specific feature of the method is the possibility of pro~
ducing shaped hollow items with a bottom which have side relief
elements inclined towards the axis of a shaping tool. A favourable
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Fig.2. Die,

agran of & stressed state makes it possible to strain. low-plas-~

i{city materials with a great amount of deformation. The absence
of axial motion of shaping tool relative to a billet favoures its

srolonged life.

Fig.I. Diagram of machi »
. 1ine fer hydrostatic i i
2 - lower seal, 3 - mandrel, 4 Z billet, Srfdggéﬁ§g T - container,
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