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while assembling, tension law while wrapplng, etc.) and also ma-
nutacturing methods.
Main parameters of an optimal multi~layer container are de-

gas 200-2500 MPa, The majority of the containers have the dlameter
fof about 2m and height of 4-5 m, .
’ For equipment operating at pressure exceeding 1500 MPa and
“units with large-size working chambers VNIIMETMASH has developed
V( G,/6,-2p/n 5')n & new container design with a slit bush. %he structure includes

. ~an-outer multi-layer and tape-wrapped body and & core consisiing
of bushes, at least one of them is slit.

The analysis shows that such structure allows not only to in-
whiere K and K1 are coefficients éf wall thickness of the whole §crease operating pressures up to 3000-4000 MPa, but also facili-
container and i-leyer counting from inside; 6}) 0, and O, - P2~ tates assembling of the unit and bushes replacement when change-
_-over to new sizes or during maintenance,

termined by the following relations:

1;1,.\(4?3/0*1 -2p/n 6,

rmissible stress for i-layer, arithmetic and geometric mean from
permissible stresses for all 1ayers’respective1y; P ~ operating
pressure; n - number of layers.

VNIIMETMASH has developed &lgorithms and programs for compu~
ter-aided design of multi-layer containers in reference to mini-
-computer "Electronika—ﬁd". Structures in which components are
joined by winding high-strength tape are considered now to be the’
most efficient design suitable for high-pressure units of labora—ﬁ
tory and.industrial equipment. The given structure consists of a :
relatively‘thih—walled core, on which a thin tape is spirally wo—}
und with variable tension from layer to layer. The tape material |
is characterised by high mechanical properties (ultimate strength
is up to 1900-2200 N/mmz), and the proper selection of an optlmal
tensioning law while winding provides the most favourable tension
distribution in the structure during operation.

The main advantage of the tape-wrapped structures is their
high reliability and safety: numeréus}layers can't be destroyed
simultaneously, and their partial fracture is not followed by fra-
grment scattering.

This structure is most preferable for equipment using compre*~
sed gases as working medium, which accumulate great potential enel
gy contents at high pressures. In VNITMETMASH tape- wrapped contai-
ners design is carried out on mini-computer “blektronika—éO“ by f
means of algorithms and programs, determining structure dlmensionm
tensioning law while winding, stresses in structure components at:
all stages of manufacturing and operation. Method of tape-wrapped’
containers manufacturing is rather simple. Winding is done either:
on a special assembly stand or on conventional vertical bqring
mills or lathes, equipped with tensioning devices.

VNIIMETMASH together with several plants manufactured quite
a number of tape-wrapped containers operating at pressures as high

8 :
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is of great importance, because these units defermine process pa-
Shilov V.V., Lokhonya 0,A., Tsukruk V.V., Petrenko Kb,

Privalko V.P. Pressure effect on the structural order of remeters and its economy,
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For higher pressures the use of multi~layer, tape-wrapped
structures and units with slit inner bushes are preferable.
The reason of such constructions is that for monolithic
structures cperating with elastic deformation, the permissible
pressure does not exceed Fbj§(ihg%;%- and wmaximum pressure is

5
Pmaf'ﬁg 155: , where €, and 6; are permissible stress and
yield strengtih; k - coefficient of structure wall thickness egual
to inner radius (r)/outer radins (R) ratio.

Autofretting 2llows to increase maximum permissible pressure

“for monolithic structure up to the value of

P> = (630»‘\* 5/%( 1K

max *

: where 6}ou— permissible stress in the material after autofretting.

a
when Oaon = o, then P:ax = 2Phax:

permissible pressure. However one should take into consideraticn

i.e, autofretting doubles the

that during autofretting the plasticity reserve for high-strength
materials is significantly exhausted, whereby structure brittle
failure eharply increases. That is why and also for technologlerl
reasons when manufacturing industrial hlgh»pressure units auto-~
fretting practically is not used. For operation with pressures
sxceading 200 MPa the use of multi-laver and high-strength tepr-
~wrapped structurcs is preferahble, VNIIMETMASH has developed »
new desigrn scheme of those structures which provides determirsti-
cn of all parametaors (number of dayers, thelir dimensions, tension
i




of halogenated methane derivatives and alkanes as function of

up to 200 MPa.

" AN AUTOCLAVE FOR HIGH PRESSURE HIGH RESOLUTION NMR-STUDIES TO/"

600 MFe BBTWEEN 150 K AND 450 K

F.Bachl and H.-D.Liidemann )
Institut £ir Biophysik und Physikalische Biochemie

Universit&t Regensburg, D-8400 Regensburg, FRG

ABSTRACT

A new autoclave tor;multinucleat high resolution  NMR is pre-
sented that allows the measurement of NMR spectra in the fre-
quency range from 15 to 300 MHz at pressures up fo 600 MPa and
temperatures between 150 and 450 K. As a first test for the
functioning of the autoclave the spin lattice relaxation times Ty

of the protons in CH3CD2CDZCH3 and CD3CH3CH2CD3 were measured.

INTRODUCTION

In recent years we attempted to study the molecular dynamics< 

density and temperature by NMR in order to test the applicability
of existing models to the descriptien of the dynamic properties

of this c;ass of substances. For the interpolative description of

the translational mobility of these methanes the rough hardi

sphgre model introduced by D.Chandler [1] proved most successful.

To our surprise it even described the dynamics of the n-alkanes
from n-butane to n-decane [2] quantitatively in the temperature

range between the melting pressure curve and 450 K at pressures

Measurements in a significantly wider range of pressures and
10 -

tenperatures on the came substances should provide a more strin-

gent test of the models applied and should yield informatioa

' about the chances to extrapolate reliably the data obtained in a

1imited ‘p,T space to higher preassures and temperatures.

INSTRUMENTATION

Fig.1 shows the autoclaves that were machined from the high

_ strength titanium alloy TiAléV4. These autoclaves are theracu-

stated by a flow of cold or hot nitrogen in a surrounding brass

mantle. The thermally insulated thermostat fits into the 72 mm

, diameter room temperature bore of the shimunit of the wi.is bore

Bruker superconducting magneis.
The main new feature of this autoclave is the doubls cone asal
machined from phase stabilized zirkoniumdioxide {(FRIALIT-PSZ/FZM.

Friedrichsfeld, Hannhgim/FRG) at the lower end. The form and

_dimensions of the seal are taken from the literature [3]. This
, design.allows a rather iarge inner diimeter of the autoclave to

_ be sealed with relatively little force.

The sample is contained in a borosilicate glass tube with an
inner diameter of 3 mm. The brass bellow, glued to the capillarvy
with aluminumoxide filled expoxy resin, is kept at room tempera-
tﬁre'in the upper autoclave and compensates volume changes caused
by pressure or temperature variation. ‘

The PSZ/FIM coné is used as the electric feedthrough for the RF
gaddle coil. It provides a very low capacity electrical high

pressure feedthrough and permits thus to keep all.  other paxts of

/- the primary electronics of the probehead at ambient pressure and

"temperature.

Fig. 2 shows the electronics of the probehead. A series of

capacitors and, in certain frequency ranges, auxiliary coils
11




allow the circuit, including the saddle coil, to be tuned a;?’

resonance. With a selected assembly of capacities and coils the

resonance frequency can be varied within a range of 30 MHz. For:

iarqer changes of the frequencies the electronic probehead can be 

exchanged rapidly without release of pressure. This design hash

been tested at frequencies between 15 and 300 MHz.

RESULTS

tion times of CH3CD,CD,CHy and CD3CHpCHoCD3. Combined with older!

data obtained at pressures up to 200 MPa for the deuteron- and
proton-Ty of the same compounds, they permit the following con-
clusions:
The deuteron spin lattice relaxation times of the CDy~ and CDy-
groups afe determined by the quadrupole interactions [4] and thus
monitor single particle rotational motions. Previous experiments
{5] showed that at temperaturas'T » 400 K the deuteron-T; of the
CDQ— groups possess a stronger pressure,dependence than the 2H‘T1
of CD3— grouﬁs indicating that the overall rotation of the mole-
cules has a stronger density dependence than the methyl group
rotation. The proton experiments given in Fig.3 reveal just the
opposite pressure dependence. At 420 K the Tl of the methyl group
shows a larger pressure variation than the methylene protons.

Under the conditions of ouf experiments the protons relax by
dipole-dipole interaction. Their relaxation rate rPD - (1/T1)DD
consists of two terms

(1/71)P0 = (1/7)PP (intra) + (1/7,)PP (inter)

The intra rate is determined by single partiéle rotation, whilé
the inter rate monitors relative translational motions and chan;

ges in the local radial distribution function. Obviously the
- :

33
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Fig.3 collectu isothermes of the proton spin lattice relaxa-%
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© tion.

APPARATUSES FOR INVESTIGATION OF SOLID MATERIALS UHDER THEl
CONDITIONS OF SHEAR DEFORMATION AT PRESSURE UP TO 86 GPa
AND PRINCIPAL RESULTS OF INVESTIGATIUN

firat term must show the same pressure dependence as phe daute-
ron-T; ot the respective groups. For this term the Cua—relaxationz

must theréfore be less pressure dependent than.the CHy-relaxa~-
V.D.Blank, V,V.Aksenenkov, M.M.Aleksendrove, I.A.Barabanov,
5.G.Buga, Yu.S.Konjaev, Tu.I.Estrin

Institute of High Pressure ¥Yhysice, Acadeny of Bcileres of
the USSR, Troitsk, USSR

Thus the inter rate of the methyl groups must reveal an even
gstronger p-dependence than the total experimental rate 1/Tg of
‘ The possibility of appearance of new results in physice cf
1igh pressure depends conciderably on development of apparatuées
and methods of investigation, The wethod of shear deformaticzn,
hich was offersd by Bridgmsn, is very interesting., But pressures
t these investigations were up to I0-I2 GPa, because anvils of

3011d alloys (WC-Co) were used. The necessity of experiue.ts on
be drawn after the complete sets of proton- and deuteron-ty have influence of shear isformation on structure and properties of so-
§11d materials at pressure P~I15-20 GPa permitied to use anvils of
the most s0lid in nature material - dismond.
At the Institute of High Pressure Physics a number of modlfi-
rations of high pressure cameras for shear deformation were cremt-
9d, including cameras with envils of natural and synthetic dia-
ponds. At first, a chamber with diamond anvils /2/, which prelimi-
ry were mounted plane-parallel by hemisphere was worked up.Shear
'éa-créated by rotation of one of the anvils through an angle % 5~
‘D, violation of plane-~parallelism being relatively small, The use
of anvils of & natural munocrystal permitted to carry out pressurs
libration by luminescence of ruby. Then, s diamond chamber was
ereated, in which both anvils were mounted on the sphere support
and motions were provided for lead out centres of anvils to axis
£ rotation, This ensured plane-parallelism of anvils by unlimited
fiangle and permitted to raise pressure up to B6 GPa, Lumlnes~
nce of ruby was investigated during plastic deformation to 52.%
2 It is shown, that AlZOB:CrB* may be used as pressure plckup
in these conditions.
: However, in all known apparatuses for shear rather thin spe~
mens are used, diameter to thickness ratioc being (50 - I00) 1 1.
‘hat 's why apparatuses were created for investigating the influ-
te of shear deformation on properties of solid materials under
ogaure to 2 GPs using volumetrical specimens with diasmeter - %
and height up to 5 mm, 4 chamber of "“piston-cylinder"-type,
hich works in regime of piston's piezometer, was taken as a basis.
01 wes chosen &t a model material for investigation using this
paratus. In conditiv.s of shear, pressures of chenge Bl = B2 was

37

that group and the inter rate of the‘methylene groups. This can
only happen if the local environment of the CHy-groups is subjec—
ted to a larger variation with pressure than the environment of

the methylene groups. Quantitative conclusions, however, can only;
been obtained.
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INVESTIGATION OF PRESSURE DISTRIBUTION IN WORKING SPACE BET-
ggngBIAMOND ANVILS BY CHANGE OF PROPERTIES OF 4 DEFORMABLE

localized, Poz 5.3 + 0,1 GPa at T = 300 K and PO= 4.3 + 0.2 GPa™.
et T = 77 K. The results obtained don't contradics to data in /%

Thus, apparatuses, created at the Institute of High Pressur
Fhysics, expended considerably the range of pressure for investi
gation, snd also for investigation of volumetrical specimens, Thi
permitted to obtain several interesting results, namely - to amod
pbismate antimonide gallium, to realize direct transition at low
temperature (77 K)« -~ BN -y~ BN and to discover self-multipli<

cation effect of pressure by phsse transition /4/.

_BJI.Berésnev,4.P.Getmanskii, B.M.Efros, Yu,E.Beigelzimer,
L.V,Loladze

Donetsk Physico-Technical Institute, Academy of Sciences or
_the Ukrainian SSR, Donetsk, USSR

The present paper deals with investigation of phenomena, whid.
rm the basis of plastic deformuation of spacer materials under
uperhigh pressures, realized by the diamond-anvil method,

On the diamond-anvil device at superhigh pressure plastic de-
ormation of spacer-containers from stalnless steel T-30I and heat-
egistant alloy Inconel X-750 was carried out, Loading of the test-
_device up to pressures ca. 6.5 GPa is accumpanied by the appea-
nce of ‘a deformation zone around the compression area. In the
ange of pressures from 8.5 to 40 GPa one observes the pronounced
one with a ring-like collar around the compression area. Further
ading up to pressures ca. 65 GPa doem' alter shape and dimen-
ionsg of this zone. In Fig.Ix features of the plaatic'deformed % Qe
8 for a spacer from steel T~-30I are shown. They were studied by
lectron microscopy using a SEM JSM-35 microscope at the accelera-
ing voltage 50 kV. In Fig.2 the experimental pressure P, along
he spacer axis vs, deformation level &= (b, = h)-IOO%/hO, hy =
50 pmis given. The obtained data permit %o distinguish three ma-
n steps of spacer deformationi elastic-plastic, plastic and qua~
jelastic, '

Features of plastic deformation by the diamond-anvil method
letermine the formation of a structure of a spacer polycrystalline
aterial, It is different in comparison from the spacer material
tructure produced by traditional deformation. The obtained dif-
erence is important for properties of deformed material.

Effect of superhigh pressure on residual strength characte-
istics of spacer masterial is investigated. Microhardness is cho-
efi as a measure of the latter, It shows the level of material
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Let us consider the material deformation in the compressed
one to be uniform and neglect pressure. at periphery of this zone.
comparison with pressure along the axis. In this case from the.
ference ‘sqﬁ of microhardness along the axis and the periphery

~® The Figure is given at.the end of the book.
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ompressed zone one can estimate the valaz of residual ba-
: - ning. In Fig.3 plots are glven for ths P - AHu relation,
14T \ /0 ’ . be used to recover pressure distribution in the compresg-
i3t a///o p '; u5ing material microhardness distribution values in this
12 + . 1 _conclusion we compare direct and inherited pressure eff-
mn g 1 ] on the level of deformation resistance of spacer materials,
' //’ . i tion resistance Géiunder pressure we estimate by model
0+ : o & fication/I/ in experiment. In Fig.4 the relation Crs/Hﬂ va,
? 1 ‘ o | glven, Here, Hm is the mean microhardness over the cross-
T 09F J/{/{p o on, At low pressures the value of G“S/H}( is ca. 0,3 + 0,4,
S; 08+ d/)V// E corresponds to conclusions of paper /2/, This relation in-
0 #88 with pressure, which indicates the preveiling direct in-
07} }//// 7 k nce of pressure on the deformetion resistance value,
08 _ References
054 . 7 : i
1 J ' | ,Berééne; B.I., Efros B.M, Pressure generation in a diamopd-
07} - anvil apparatus // Physica. - I986.~139. - P,9I0-9I5,
06} A “3:5; G.D, Determination of stresses in a plastic zone by har-
8 distribution. - Moscow, Mashinostroenje, I97I,~ I99 PP
o5k § (in Russian). o
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Fig.4. Stress relation 6 ./Hy vs, pressure P, along
sxis for different materiﬁls:
I~ P~30I, 2 - Inconel X-750, ‘
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-ber than the pistons. In order to reduce tne displacements, €3

ﬂﬂi
%

METHODOLOGY OF STRENGTH DESIGN FOR THE BELT CHAMBER p(s) 'Po (1)

8 the coefficient of the inner friction and t is
hickness,

irve A in Fig.2 corresponds to the state at the begin-
e synthesis and curve B corresponds to the state during
8is, Applied pressure distribution p(s) satisfies well
um equation on the piston in axial direction, v
1eformation loading at the cylindrical contact surfaces
ust fulfil following deformation-conditions (2), (3) for
tplacements u and the conditions (4), (5) for stresses .
ubled points .J of the contact surface, The shear

§ restricted by the COQdition (6) based on the Coulomb's

J.Vrbka', Z.Knbsl®

Trechnical University of Brno, Brno, Czechoslovakia

2Inst1tute of Physical Metallurgy, Academy of Scziences)r
of Czechoclovakia, Brno, Czechoslovakia

1, Introduction
The Belt chamber is one of the most spread devices for

superhard material synthesis in the pressure range up to 10
In our contribution we shall restrict ourselves to the high
sure compound vessel (container) (see Fig.1), which is from
point of view of strength a more dangereous part of the Bel

{ friction, .

cially in the sealing conical part, the inner part (matrix) ls : ) . S ' . ‘
usually made of sintered WC-Co. Mostly, the outer shape of the (j,k+1)=un<(i,k)m,-x (2) ’ [aua ”)] = [_aﬂ.a.(.‘zﬁ] (3)
compound vessel is given by the production technology and by di , . r 'k r W;'
mensions of the working space of the used press. The natural é Lkl =16,0k) | (4) ' 'q;zG*+1)|=|q;z(udl : (5)
of the strength design is the optimal construction with respec )
to the maximum safety and lifetime. In our case, the design pargiy ,"Afl,,k)|§flb',.(l,k)’ (6) W(J,k+1) w(‘ k) (7),
meters are the number n of the vessel components, the cylind
cal contact surfece radii rix. and the overlaps Ary , resp. From
econamical point of view (the repeated application of the ste@
rings) and because cf the constant prestrain matrix it is rea
nable to load the rings only up to the 1imiting state of elast]
ty for more dangerous working state. k

The adequate calculation method for the stress and safet
anal, is of the direct problem for given loading, geometrical
material parameters is a basic assumption for the optimizatio
approach to this problem. At first, we must formulate mathema
cally the proper computational model, which consists of the p
sical model (model'of the loading, material, geometry etc.),
thematical and numerical model and that of the limiting state
the postprocessing calculations,

he condition (3) corresponds to the requirement of the equi~
t contact surfaces at the neighbourhood of the points' { , j

odel of the material. ‘We assume the material to be a homo-
8 1sotropic elastic mechanical continyum. with the mechani-
operties estimated experimentally on the 1-D stress-strain

Sthematidal and numerical model, The finite element method
' PROKOP /1/ 1s used for the numerical solution of axial
cal elastic problem on the computer ICL 2950/10. The pro-
uge of the triangular elements with a cubic Hermitien
{on function. Deformation loading in contact surfaces
ed by means of the double noding technique. Realiza-
ilities of conditions (2)-(6) were discussed at /2/ in
Mostly; the conditions (2) and (3) are sufficient to si-
he relations in the ideal smooth contact surface without
he adhesion can be taken into account by addition of
for-axial displacement w. To express the safety of
de of brittle hard metal WC -Co, the combined Mohr's and
_ stress limiting theory is used. For ductile steel rings
25

2. Formulation of the computational model

Model of the loading. We assume, that the mixture in the
action cell behaves during the synthesis like an ideal liquid
the pressure here is constant (see Fig.2). Pressure loading:i
matrix cone 1s caused hy the compression of thesealingmateii
‘rophyllite).. The pressure distribution p{s) (1) here was a
cribed on the basis of analogy with the relations in Bridgmana

24
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ngth optimization of the compound vessel,

" tional model exhibit the calculations of the matrix safety. T
.monstrate it we presenf here the calculated safety values kR fo

the hypothesis HMH is applied, The paper /3/ deals with the st
At Af
. 1 K1

Inmany cases the compound vessel works with the cracked B

trix. With the aim to estimate and to influence the lifetime o
the cracked matrix, linear fracture mechanics has been used /i
/5/. The stress singularity et the crack tip has been modelled
by means of the double noding technique for the displacements,
the stress intensity factors KI, KII were evaluated and the cruflly A
growth direction was estimated,

Pn,

Ry " Qn

3. Some results of calculations

The results of the stress and safety analysis can be obta
ned directly from the computer ina graphical form (see Figs.4,5)
The Figures show the isolines of radial stresses 6,. »MPa  and the

TK-1

.I’K

fety, resp. Todemonstrate the influence of the friction in the fi Kot
+

contact surface ( r1), we have compared the stress intensity f

n

tors KI' KiI for initial crack of 1 mm length in dangerous are
of the matrix, Fig.6. Calculated values for the smooth- contact
surface without the friction were K; = 13.6; Krp = 1.7 and for
adhesion K = 5.7,'KII = 0.7 MPa'm1}2, resp. A great importanc

Scheme of the problem.

of the friction on the crack stability can be seen. Calculated
crack path (Fig.6) corresponds to practical experiences, From'
comparison - of K. with the experimentally obtained fractute to

ness (KIC w 13 MPa-m1/2) it follows, that cracks of length alr
dy about 1 mmiare dangerous. It is in good agreement with the

practice. We are able -to study the influence of the.geometrici

shape of the matrix and other factors on the KI with the aim to
minimize {ts value and thereby to increase the lifetime of the

cracked matrix.
The greatest errors (up to the order of 100%) of the comp

the ‘matrix, which was successful in produbtion. The combined
Mohr's and maximal principal stress limiting theory leads to

0.26. The relatively best resulfs were obtained for Balandin'
theory -~ kR = 0,5%2. Substituting transversal rupture'strength

the place of the tensile strength in the limiting theories, t
values became greater - kp = 0.46, resp. kp = 0.60. This subst
tution has a physical reason, because of the great stress gradi
ent a{ the most loaded part of the watrix. To reduce these di
pancies and to be able to determine the lifelime of the matri

RS
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Fig.6. Cracked matrix with simulated crack path.

pére the low fatigue experiments.,

Contemporary strength design
based on the stress analysis of th

e matrix used successfully
practice. The determined maximal effective stress 1s then taken

" Fig.4. Isolines of radial stresses.

d material strength characteristics of the matrix for the safe-
evaluation (Fig.5).
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lded into three circular sections with 6 strain gauges helping
‘determine 3 pairs of the contact load components for them. De-
ation of the normal load values froem the mean stress was -~23%,
Bfand +1% for the external, central and internal sections, res-
ctively, Tangential load of the internal section, directed to
e die periphery, makes up 30% of the normal load, the tangen-
loads along the central and external sections, directed to-
rds the die axis make up 7-9% of the normal loads. In this ex-
riment we note a general error of 12-14% for the boundary con-

ANALYSIS OF STRESSED-STRAINED .STATE OF DEFORMING TOO
AT HIGH AND SUPERHIGH PRESSURES -

V.G.Synkov, 0.E.Glauberman, M.V. Astrakhan

Donetsk Physico-Technical Institute, Academy of Sciences
of the Ukrainian SSR, Donetsk, USSR’ Y

An experimental~design method for determining the bounda
conditions in hardly accessible elements of a tool (e.g. in ¢
zones of its contact with a billet, a base, a band, etc.) with
the help of the stressed-strained state (SSS) components obtaij

‘by a strain measurement of free sections is proposed. If only
case of axisymmetricalyproblem is regarded, then taking into @
count .that the stress tensor component normal to the surface {
equal to zero, at these sections we haves

L E(Egr pgy) o E(e, +pég

6% oo O e —El 8 o
M Trp

where E, J are the elastic constants, Egr & O, CTL are the n

ridional and tangential strains and stresses,

If m number of the strain gauges is bonded, then n numbe
of the boundary condition components should not exceed n{nzmn
Using the superposition principle we may write the m set of 1
near algebraic equations with the n unknowns:

tion restorations, )
Calculations of the banding die limiting state by the FEM

ow that the optimum assembly tension depends on geometry, mate-
and loading diagram of the insert and very often it differs
om the limiting value according to the assembly conditions,
The-optimum tensi~n and influence of its optimum value devi-
ion on.the tool carrying capacity are determined by.a function
ntour line of the maximum equivalent stress in all the elements
an insert. This line plotted on the "working pressure (P1) -
nsion pressure (P,)" coordinates is in correspondence with the
rt material yield strength. The generalized criterion /3/ has
used for a strength criterion, .-

't has been found that there are several forms of the limi-
’cﬁrves. The most characteristic curves have (PZ.O.) abscicse
he maximum working pressure point (P1.m') that either doesn't

ed the maximum possible assembly pressure (P2’m ) (Fig.1), or

a44Py + a, P, + . . .+ a, P.+ +
1171 1272 . e . a, P =0 )
. 133 . n'n ’ eds this value (Fig.2). Excess of the optimum tension pressu-~
a; 4P, + a;,Py + . L 4 aijpj;_‘_ . vay =0, , . the first case is not rational as well as the autoSupport
nn t (2)f ation, In the second case the autosupport utilization may

186 the limiting working pressure substantially.

the first t&pe limiting curve occurs at loading an upper

f a conical funnel of dies made of tungsten carbide with
_10%) cobalt content. The maximum tension (P2.m.) reduces .

e carrying capacity to 1/2 - 1/3 in comparison with the op-
ltension utilization. The second type limiting curve gene-
6ccurs at loading the whole die height or its greatest part.,
he finite element method has becen uséd to solve the SSS

M for a brilliant cut diamund anvil with a rectﬁngular'girw
= 11 GPa, m = ©.07), regarding diamond as an isotropic

8miPp * 8Py + . L Ly aijj+ « - et ag P =g,

where 04 ...,CTi, +++ 0, are the meridional and tangential
stresses obtained according to strain measurement and equat
(1) and renumbered in.a definite order, and P1, eesy P,
are the components of loading in the hardly accessiblg parts
rix factors (aij) are determined by the finite element metho

ving the set of equations (2) by the least squares method /2
The interaction between the lower die face (b = 36 mm,u

=12 mm) and the bed plate has been modelled., The contact zon
3G

The main geometrical paranmeters: working face diameter m

ase diameter = 3,5 mm, girdle width = 0.13 mm, anvil

Ze2-wm, Four types of the warklineg face houndary conditi-
“ .




= the-uniform pressure distribution; thie¢ trapezoidal pressure
ribution, the trapezoidal one with a different depth of late-
A"support have been chosen. For all the types of loading the pra
€ intensity on the working face centre of an anvil was 50 GP
he periphery - 10 GPa. The maximum depth of lateral support
6.3 mm. The uniformly distributed load w.-s applied to the ar..
base,

The anelysis revealed existence of two hazard areas, one of
is situated on the anvil axis under the working face, another
lose to the lateral face., The generalized criterion /3/ has
-used for determination of the hazard areas location and 1i-
ng state. Calculations were performed for the brittleness
cient values X = 0.1 - 0.4, At uniform pressure distributi-
T the anvil working face the hazard area position does not
n X , and the 1limiting value of allowable pressure vari-
¢ range 8.7-13.7 GPa, At other loading types the hazard

e maximum equivalent stress shifts from a lateral face
Axi8 with the increase of X, ., The lateral support de-
}decreases the maximum equivalent stress‘valde by
'mit;ng pressure increases 1.8 times, The lateral

of 0,3 mm increases the allowable pressure range

P Pom e

Fig. 1. The form of a limiting curve at lsading the upper p
of a die made of brittle material.

Pi
Pim

Glauberman O.E., Verbitskdy E.I. Analysis of

d atate of the deforming dies surfaces, -Proble-
ty, 1986, n.4, p.95-98., .

; Lectures on linear algebra. - Moscow: Nauka,

0 p.
G.S., Lebedev A.A, Deformation and strength of
_stressed state, Kiev: Naukova dumka, 1976, -

/0207 | Feo 2

Fig.2., The form of a 1im1ting curve at 1oad1ng the who]e
of a die, .
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3 ST MEDIUM FRCM 20 TG 100 Mra . .
TNTERNATTONAL GWAR{&NCFWM}EASMSNALLQ the ‘established 20 to 100 MPa pressure range and send to the piiut lebaratory the value of the

. o . k- i pects o o _ -
F. Molina, J.C Legras 2 V. Bem ) V.M. Borovkor, 9. JBger”, A Keprt s S.L. Lewis d effective area, Ay, of the trawfer standard at each pre-established pressure level. s
G,F. nar olos >} y Ve

12 . 13
o J.G. Ulr'lchll, S, Yamaoto , S. Yi-Teng

1 effective area at atmospheric pressure, Al, and the pressure distartion coefficient, A}, of the
A terach® K. Wbivs S L. Rydstrom

. Va” dard cbtained T 3 . i . roa .

{etituto i Metrologia ng. Colometti" - TMGEC < Tarino, (1) s star was from the measurements of each leboratary. Details of the procedws

: N ' . INE - Paris, (F) calailation methods adopted are given in /1, 2, 3, 4/.
Lebaratoire National d'Essais - - F ’ )

2

3 National Buresu of Standards - NS - Gaithersturg, (USA) ‘ : RUIORY STANDAFDS AND TRANSFER. STANGARD

A Gosstandart (UNITFTRT) - Moscow (USER) tandards of all the lasbaratories are pr&esun: balances, whose dif‘ferapes lie essentially in

’ 5 nwsikalist‘l'l—-Tefl‘nr\iSCh" Bundesenstalt - PIB - Bramnschweig, \F'Rb) : "lar techrological design criteria or in a different choice of materials. The procedues
6’ CeskosLovensicy’ Metrologicky Ustav — CSWJ - Bratislava, (C3SR) pted by the individual leburatories for the determination of the charecteristics of their
7 National Prysical Laboratary - NPL - Teddingten, (UK) ) rds  very as well. Details of such characteristics far eech participating leboratory - cen be

8 Bundesamt fiir Bich-und Vermessungswesen = BEV - Wien, (A) \n references /1, 3, and 4/, Essentially, differences appear:

g. Ant tlir Standardisi Messwesen urd Warerpnefing - ASMY — Berlin, (IDR) the dhoice of the material of the pistan-cylinder unit:
. erung,

10 Aercnautlcal Research Institute - FFA ~Broma, () hr@fe‘noar'blde (INE, IMC, PIB, FFA)

1 Exdgamlwesmtﬂx‘mwesm EAM - Wabern, (CH) steel (WPL, NBS, BEV, CMJ, NIM,ASM VNIIFI‘RI)

12 Natioral Research Laboratory of Metrology - NRLM - Toaraki, [8)) “35,&1'+ tingsten carbide (EAM, NRIM);

13 Netion Institute of Metrology - NIM - Beljing, (The People's Repblic of Chisa) : type of the piston-cylinder unit used:
K atior: -

nirolled clearance (INE, NBS, NRLM)

formation (IMC, PTB, NPL, CSWJ, EAM, NIM, ASWV, VNIIFTRI)

o * trent (BEV, FFA).

i in the range from
i i son of pressure measurements in |
Between | 1981 and 1965 an 1ntermtmnal conpari / | | | |
ised by the High-Pressure Working Group of the Comité Corsultatif por.la. 'mde at the end of each phase by the pilot labaratory on the messes and the calibration of

100 MPa was Crgevils : . ' - ‘ . .
i f thirteen cantries pax‘tlclpa’oed in this comparison, which was carried” resistance probe of the trgrBfer standard did ot ghow ay significant shift in their
e Wesrenents of the effective area of the trensfer standard were also made by the pilot

at the end of each phase. Reference values of the effective area at atmospheric pressure
tory . . '
INE vas the pilot leboratory . . e to 1.4 @a, the 1 33‘0 reference temperature, A, and of the pressure distortion coefficient, A, were tus
i from atmospheric presst . ' ® & : -
For pressure measurements in the rengs Shift grew in time; when compared with the first INEL determination, the incresse amounted
todard is the pressure bal@e whers pressure is determined from the applicaticl ' ' ' ’
primary. sta is g

known gravitational force balanced agrinst an upward force gererated by the action of pressig
v However, the determination

per million (ppm) after 15 months (INE2), 34 ppm after 35 months (LNE3) and 34 ppu after

" (14}, The opinion advanced at the end of the first phase, that the increase wes due to
. N i of the umt. N

known area, . which 1s termed the effective area ’ ot steel pi - : ) . )
) : of piston, which was used immediately after marufactur: was confinmed by
e oea is made more difficult due o the elastic distortion of the piston ad cylin , ’ Y i d
effective 18 TROe T 7 stibilisation. It is therefore assumed that the increese was continous. This

! inty i stablishing high- '
aubiec ¥ i is the greatest source of uncertainty in es ’
subject=d to preseure,  vhich J & ' ¢ also nfirmed by similar increase in area with time of a second pxstxn—cyludex‘ it
standde. i Gres by‘ xt’ﬁ')e same time a'xi k\ept at LNE 'Ihe increases obsewed ™ ﬂus reserve umt used
The tramsfer standard pressure balance was placed at the disposal of the uorking Grop ty
e efer st ' * ) . its cycles at LNE, were 32 ppm after 15 months, 50 ppm after 35 months, ad &2 ppa
s o 4 . This standard is equipp(td with a tungsten carbide cylinder axl & ] y
Desgranges and  Huot (F) hi . A Hon o ref o value of effective o e
5 inal effectize arer is it bei & m .
pistn, the rominal effective area of this unit being &1 & a finction of time &, was obtained by fitting the' far serie of

i ing iy oy f s Arans e ~1 agalist 1z
Each participating laboratery had to cross-fleat the franster st ndard agalt i .
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FESLTS ta‘dards in this preseure range.

: . Deviations from lirearity were wittin 5 pom and repeatability
Each labaratory commricated to e pilot 1aboratory the values of the effective area of |

e\ralua'bed from the standard deviation of e
. e t e 1t series, gmerally LSW within a few prm.
trersfer  standard, A;, calculated at the 20%C reference temperature. Sirce the results of AR
100
e (wrn)
100

leboratory did ot show any significent di fferences between ircreasing and decreasing pressure,

analysis of memlm wees based on the memn values for eoch pressure. The effective ares | =500 0 +500
atm:sma’ic presaure, A o LAB and the pressure distortion coefficient, )"m, were calculated | LNE u 4
dresemvalms Incmermcmpammedaba, refera’nevaluawerecalaﬂatzﬂmmefol
IMGC —-
wey . Fimtﬂemﬁmofﬁereaﬂtcfemhmmmmmtmﬁemﬂmfme p
TB —n
wes calculated, with the increase in ‘time being teken into account. Then a mean difference
calculated from the differenoes of all lsboratories vhich were weighted acconding o the reci| NPL -+
. of the square of their stated uncertainty. participants' results were “then tested to see if NBS ——
agreed with the weighted mean values to within their stated uncertainty. Only those who dld © BEV . .
CSMU H

included in the final reference values.

FESULTS OF Ap AD A MEASUREMENTS AFEA ———i

Differerces between the individual leboratory values ad the reference value range from few'p EAM : =

= . Relatd AL o effective area determiratiors of 211 icipats )

6T . pem elative Gifferences effective A perticipating, by ‘ NRLM -+
- 1lje within 204 ppm.

. NiM -~ N
By a similar analysis of the differences of the pressure distortion coefficient values .
\ . ; ASMW —+—
the transfer standard, a weighted mean value, AMNY, wes calculated and used a5 a referen
VNIIFTRI —~~

diffmeé of individual laboratory results from this reference value were subsequently

\Results lie within 3.43 poyMPa end indicate a merked dispersion; however, if the two exts

are ot teken into accont, results lie within 0.72 . Feees from th V
e of
/MPa effective area A‘wo of the trarsfer standard at

FESULTS OF A op MEASUREMENTS tsy”‘dlcaﬁe Urcertainty of Al determinations,
A:o values of the individual 1abaratories are shown in Flg 1.
Practically, these values represent the extent to which the various nezsura'rems of a
pressure cen be said to agree, since the uncertainty of the other parameters are mach 1 et al.. BIPM Internal Report. BIPM-84/2 (F.irst phase) (1984) - availabl

. ) X : - .lable from BIIM,
}'\Ale, than the evaluated uncertainty of the effective area. For eight laboratories, the

within 78 ppm, £ - ies it lies withi + Sci
_ pem, for all the laboratories it lies within 414 pr. - J. Pys. B Sci Instr., 18, pp. 361-363 (1985).

al, BIRM " evai
- Internal Report. BIPM-36/1 (second phase) (1986) — available from BIPM,

murslo\\s - '
’Ihe comparison organised in the sure 11 2040 100 MPa showed :

oz th pr%. range from large al. BIPM Internal Report. BIFM-86/3 (third phase) (1986) - available from BIIM

differences. Results showed agreement within about 200 ppm at the lower pressures and wil ' : ) oo

the higher pressures. They confirmed the difficulties encountered in the determira

- sgmure distortion coefficient, which plays a major rele, particularly at pressures

MPa. The comparison here described has confirmed that pressiwe halances are appropr:
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NUMERICAL MODELING OF THERMCMECHANICAL PROCESSES IN HIGH

= K b exp(-ks™t"™ 1, K = A exp[-o/(aD)],
PRESSURE APPARATUS APPLIED FOR SUPERHARD MATERTALS SYNTHE

reé h and A are constants, Q is an activation energy, t is the ’
of diamond crystals growth, T is temperature,
'he developed methods have been used to solve the problem of
erature, pressure and concentration fields determination. in
reaction zone of HPA under condltions of diamond heating and
8is. The calculation scheme comprises the whole HPA when
ing the problem of electrical and heat conduction; the die and
on cell when solving the problem of thermoplasticity. The
’state stress field (before heating) is taken from the solu-
kof problem about the reaction cell compression on the snvils
onverglng block-dies with allowance made for large elastopla-
strains in the reaction mixture and container /2/.
he distributions obtained for thermodynamical parameters du-
diamond synthesis are shown in Figure. The temperature fields
pecified by differcnces of~I50°C along z-axis of the reaction
and of~:50°C along r-axis, Pressure fields are less heteroge-
particularly during the initial time of synthesis whencﬁi-
oncentration does not exceed 7%. When sttaining tge concen —
. value of 30% a sudden drop of pressure occurs in the cen-
the reaction cell (by about 0.3 GPa) resulted from graphite
on t0 a more dense modification (diamond) and hence from
u@ d specific volgme of the reaction mixture. Pressureviﬁ—
the initial moments of synthesis can .result from incre~
perature and elastic constants of the reaction mixture

«fpredpminance of this process over that of pressure reduc-
10 phase transitions,

V.I.levitas, A.V.Idesman, A.A.Leshchuk, S.B.Polotnyak

Institute for Superhard Materials, UkrSSR Academy of Scie
Kiev, USSR

The thermostress state of the reaction cell in high press!
apparatus (HPA) is changed during electric heating which resul
in pressure increase. At the same time phase transformations
reaction zone materials occur starting from some moment of he
corresponding to attaining technological parameters for diamol
synthesis. This in turn affects the distribution of electric,
perature and baric fieds in HPA, Therefore, the interdependen
occurs between the processes of electrical and heat conduction
thermoplasticity and phase transformations, running in HPA d
materials synthesis, i.e. there are relations of electric pol
al field to those of temperature, pressure and diamond concent
tionj of temperature field to electric potential, pressure _'
centration distributions; of stress fields to those of temper:
and concentration and of diamond concentration field to preés
and temperature distributions in the reaction zone. Besides
are physical and geometrical nonlinearities caused by tempe
dependence of thermophysical constants, pressure dependence
elastic and plastic constants and by occurrence of large ela
and plastic strains. :

A corresponding finite-element. model has been develope
describe processes running in HPA during diamond synthesis
allowance for features enumerated. The complete system of :d
mining egquations comprises equations of the plastic flow th
with allowance for finite strains /I/, equation of electric
duction, equation of nonstatlonary heat-conduction, kinetic
tion for the rate of the diamond crystals growth, ‘equations
carbon phase eguilibrium and metal sclvent melting. The reacH
zone is considered to be a mechanical mixture of graphite,
eolvent and diamond, the efficient properties of which are
mined depending on the components properties and mass conc
tion. Phase transitions are taken into account Ghrough the
ges in properties, concentrations and the rapid changes in
fic volume, The rate of diamond concentration change, X, 1
region of its possible synthe51s is determined by topochemi
" rofeyev equation

leck the degree of phase transition influence upon the
on- of thermodynamic parameters within the reaction zone
d problem of electrical and heat conduction and thermo-
8:solved without allowance for phase transitions,., For
temperature at the initial moment of dismond crystals
feund to be practically independent on phase transforme-
hythe given concentration, however, the discrepancies
- 100% appear in the results obtained with snd without al~
~0# phase transformations. Effect of graphlte-d1amond1ﬂuy
kns'upon pressure distribution within the reaction volumg
dered above, Variation in technological parameters of 8yD~

volvee the correspondi
ng variationg in geomet fo
poseible synthesis i foo

and in the rate of phase Lransforma-
urred therein. Thus 7

for the investigstion of processag
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SSURE CHAMBER POR STUDIES OF MAGNETIC RESONANCE IN
ER RANGE

0,P.,Tealya

hyaicQoTechnical Institute, Ukrainian Academy of
» Donetsk, USSR

.cylinder high pressure chambers (HPC) are convenient

4 — ] \:Vﬂ5 N y antal studies /I,2/ but for pressurea above IC-T5 kbar

2 5/75{4 51 use anvil-type HFC. The latter are adapted for these

a 6 Q ,however, disadvantages of them are quite numerous; com-
2 . F esign, low volume of specimens under test, Yims-ccnaum-

fion as adeptation of chamber parts must be done with
sion are among them, '

cation of EPR radio frequency radiation of millimetes
mits to study paramasgnetic centres with great initial

} of ground states, and addition of mechanical treatment
jue information om structure and properties of such

y

Distribution of iggﬂdiamond concentration, %, (b) pressure,
(v) temperature, OC, in the reaction zome of HPA (
——— temperature).

‘running during diamond synthesis allowance for their mutual
ence is imperative. .

jnsufficient reliability of the used physicomechanical proper
of materials and equations for phase transition kinetics. A{
present stage, however, one can study in the first approxnmﬁ
the relative influence -of-a number of parameters (heatling pos
press capacity, equipment gcheme) upon the course of diamond
thesis.

I.
2.

we describe HPC for studies of magnetic resonance in
ney renge (4 and 2 mm) at low temperatures and pressu~
20 kbar. » ’

g.1 HPC is shown schematically. Chamber parts are of he- .
beryllium bronze. Chamberlbody (I8 mm in diemeter) is
o-ghellt removable insert 6 is pressed into the main shell
the diameter is worked down to the design size (3.5 mm).
st chamber channel (due to the effect of support from
}ch&mber shell heavy parts) provides higher pressures in
on with the long one /3/. To decreass its length down to
iﬁ 1iquid chambers down to 20-30 mm) we applied a radio-~
dy“input to the chamber of special design, a set of working
s0lid transmitting pressure medium (indium), an original
of pressure measurement (by the temperature point valde of
,rahsition to superconduction). .

set of working high-pressure cells comprises twe modifica-
The first is applied if a crystal is hard enough to resist
r6 created by solid medium, then the channel is.filled

A BM \osk | 15 24 %0 Sffsisy
524 521 a 3
Q 6

pr

The data obtained are of model character, which depends

References

gggnTaﬁ g&%6x%ﬁnﬁggge§§£¥rgnﬁigg%qﬁg;ﬂ?nﬁﬁgg?mﬁggg Tagg he petallic indium to en end (Fig.I). A specimen 8, produced
Kn ng A.B., Jlemurac B I Hanpﬁmeﬂﬂo_ne@opM} oaéﬂﬂoe gmént of a sphere adjoins by flat surface to a thrust bush-
e DoMOHTOB ABLL C_yueTOM GOMBIEX xeéowaxmlg.//ﬂwwq Experinents showsd that & degree of modelling hydrostatic
iy CBQPXTBepﬁg§eMgggggaﬁﬁB§ng'H%%géTp: 6 ggfg in this case is quite adeguate.
CTATYT CBEPKTESDIIX P 40 ! ’ second modification is applied in the case of brittle

41




- 8ibly deformed and after several runs at maximum pressures it

" ca, I0 kbar., The waveguide window thus obtained and a specimen

Q--'%/ s * Ul

Y

ﬂ-b %

, . \/ 7/ /w \
_1 ,2,: ;_;kx\ \\.o \_,,_

Fig.I, Schematic view of a high~pressure chamberi
I - adapter, 2 - fluor plastic disc, 3 - obturatdr, & - waveguld
window, 5 ~ shell, 6 - removable insert, 7 - thrust bushing, 8
specimen, 9 - indium, I0 - sealing ring, II - piston, I3 - stopp:
ing nut, I4 - rod, I5 - oil-benzene mixture, I6 - fluor plastic.
cup, 7 ~ specimen, I8 - stopper, I9 - indium, 20 ~ holder, 21 =
rod, 22 - spacer, é} - bearing.

crystals. A specimen is put into a miniature fluor plastic cup I
filled-up with dehydrated mixture I5 of oil and benzene (Figbl,ﬂ
The cup is closed with a fluor plastic stopper 1I8. Pressure to ﬂ
from the piston is trensmitted through an indium tsblet 19, serv-
ing as a manometer,
) It was stated by experiments that a bronze piston II can no
stand pressures above I5 kbar at low temperatures., A piston of o
design (Fig.I,b) makes possible work at pressures up to 20 kbar
4.2 K. The piston rod 2I is hexagonal boron nitride (ca. 3 mm in
diemeter), it is pressed into a bronze holder 20 and is‘supporté
by a hexanite bearing 23.

At pressures above I3-15 kbar the chamber channel.is irreve

Liiidl S iliidld .

—f——-”
Pig.2. EPR spectTun of Mo®* ions in CayZny JMn Cl, (A= 4 mm, T =

4,2 K), Lines of fine and superfine structures of a spectrum are
drawn. a~-P = 0 b»P I9 kbar. .

bﬁe to-a relatively low quality-factor of a resonator and to a low
cosfficient of £ill-in of it by a specimen the obtained aeneitl\riu.
ty of IOI5 IOM spin/Oe 1s not high, but quite adequate in most

be repaired., An insert 6 is replaced and the channel is worked ' £asos, )
down to the'specification An obturator with a waveguide window is screwed into the cha-

An original radio frequency input of radiation %o the press mber shell to j:he rest, then in the insert channel.Zw-ll- lm: ofu:h:n |
ure region /i4/ comprises an obturator 3 with drilled along the pame mixture is stamped end a'thrust sapphire bush:uilg '?Iosafui .
is telescope apertures, diameters of which decrease as they appry placs, then a specimen 8, indium rod 9, a eea].ingtr ng e
ach to the pressure region. Homogeneous mixture 4 of fine powden piston I2. This HPC was used by us with success at many

] i to tempeérature of liquid heljum and at heat-
of Al oxide and NaCl is pressured in the apertures under press kbar, at cooling down to tempera 9
' ing up to room temperatures.

form a part of a superlong resonator of the KPR spectrometer /%
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Application of metallic indium to transmit pressure to a spé
cimen makes possible pressure trestment on it through transition
temperature, Statement of tramsition to superconduction is done I
an induction method in a separate cryostat, then the suspension

APPARATUS FOR MEASUREMENT OF Cv AT HIGH PRESSURE
AND HIGH TEMPERATURE

Scholl, H.Lentz
with a cooled high pressure chamber rapidly carried over to the
cryostat of the EPR spectrometer. Pressure in the chamber is esti
mated using the temperature-pressure curve of indium transition i
‘guperconduction, recorded during the test /6/.

ersitdt-Gesamthochschule Siegen.
hbereich 8, Postfach 101240
900 'Siegen

To illustrate the work of our HPC we present EPR spectra
(#ig.2) of Mn2+ ions in tetragonsal Cs5ZnI_anx015 under differen

pressures, he Determination of the specific heat capacity of highlyAcompressed

ids.at high temperature suffers mainly from the large heat
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.ch exclude any influence of the autoclave's properties on the mea-

¥ s ~ s
red results. To obltain Lv directly ‘according to its definition (1),

Cy = AW/ {(m * AT) N (1)

own - mass m of the sample fluid must.bé filled in, a known enerqgy

pglied to it and the resulting increase in temperature AT has to
neasured.

, preferably for supercritical fluids:

sample is heated quickly by a strong electrical heat pulse and
remént of .the corresponding mean temperature increase is.accoﬁ~
ed by a precision pressure gauge. The sﬁppositicn is that the
ured pressure always represents the mean temperature of the

And ‘indeed, the error due to non-ideal properties of the

is below 0.1% in most cases when AT is as small as 1K.

ediately after the heat pulse, pressure should maintain its
~un£i] the heat frent, which is propagating by heat conduction,

8s a.wall of the autoclave. At this moment pressure begins Lo




fall due to cooling of the fluid at the wall. During the time W

: . _fside the autoclave there is an additional inner vessel, which con-
pressure is at its constant plateau, the fluid can be regarded a

. ) ns a definite part of the sample. The wall of this inner vesgel
thermally isolated and the heat capacity of the autoclave has no;

of special construction. The main kernel consists of austenitic
influence at all.

; ; el with a low, well-defined heat conductivity. This kernel is
However, there are some difficulties. The first arises from cop

: : : €red on both the inner and the outer surface with a temperature-
pression of the part of the fluid which is not directly heated.

: . ensing foil, whose electrical resistance is a function of the mean
region around the heating coil will be heated by direct heat cond ‘

perature all‘over the concerned surface,
tion. Thereby this part of the fluid expands and compresses the :

; : = Wo modes of operation are possible with this type of wall:
directly heated fluid around, which in turn is heated by being «¢d

- 2 e "adiabatic mode" is to use both the sensor foils as well as hea—
pressed. So heat transfer to the walls of the autoclave can stary s

o - . e g resistors. A certain energy (AW+AWF1) is applied to the inner
once with the beginning of the heat pulse. The influence of this

; ; istor, and the heating power of the outer resistor is controlled
process on accuracy can be minimized by selecting the best ratio /

; iding ff° ReeP its temperature always equal to that of the inner resistor,
volumes of directly to indirectly heated fluid and by providing \

, . ing all the heating time. By this "counter-heating" a neutral
possibly large heat-transfer-surface of the heating coil.

. . h'l ne close to the middle of the Wwall's kernel material is formeqd,
Another difficulty is convection. With strong heat pulses (hed > :

, . 1 ch is not passed by any heat-flow. Eithe}, inner and outer, part
power above 10 watts) the fluid in and around the coil is accels : * - o

the kernel up to the neutral plane is filled up with

heat -energy.
ted, like smoke in a chimney, that it reaches the top of the aut gy

L. m the corresponding resistor. The temperature reading from the
clave in nearly 1 second. This is an upper limit for the total

; ; h er foil is used as AT to calculate C .
of measurement. On the other hand, heating time cannot be shor v

: . inc When the sample fluid is surraunding the wall inside as well as
" arbitrarily. A minimum amount of the average temperature }ncrea{ .

v i ici ide the inner vessel, the heat—transfer conditions are egual on
required to perform pressure measurement with sufficient accur

. N . ‘
Therefore the heat pulse must have a minimum energy. But shorte sides and the position of the neutral plane is nearly indepen-

heating time, heating power must increase. High heating power g of the sample substance. Thus it is possible to define s

ant effective heat capacity C

‘'rates a high over-heating of the heating wire, which cannot tr “F1 of the calorimeter. It is

h of its heat to the fluid when the time is too short, ev ibuted ‘exactly by the material of the inner vessel up to the
enough of its he . ‘

hough th i is very thin and has a great surface area. 50 al plane and can be easily obtained from a calibration cycle
thoug e wire : S *

2

acua t F i
heating time between ) and 1 second seems to be the best compt uated autoclave

; i i _Other ‘mode of operation of the described wall is the “"heat-~
A similar idea for experimental determination of Cv has bee p a lp heat

around 1920 by Trautz and co-workers [1],[2].

ﬁode. The autoclave with all its contents is heated (or
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cooled) slowly by an environmental precision thermostat. The hea
flowing into the sample, establishes & temperature difference ac
-the kefnel material of the inner vessel's wall. This teémperature
difference is measured with the foil resistors, recorded and in

grated. The integral is a direct measure for the heat energy AW

which has heated the sample.

Apparatus

The general setup used for both methods consists of a vacuum the
stat with two adiabatic shields. The autoclave itself, also used
eitherrcése, is heated with thermocoax wires soldered on its sur
Its temperature is measu;ed with two Pt—100'resistors. Long—time
COnstant‘regulation of temperature wiéh a resolution of 1 mK atV

temperatures up to 600°C is done by an AC mains—synchronized 22-

HEFERENCE SUBSTANCES FOR FRACTICAL, HIGH PRESSURE SCALE

4,5.Skoropanov, B.L.Valevski, V.F.Skums, A.4&,Vecher S

Physico-Chemical Problems Research and Development Institute
of the Byelorussian State University, Minsk, SSR

Tn order to determine solid-phase pressure special calibrants
used in most cases to judge on preesure by the jumping of their
lectrical properties. Traditional calibrants for a pressure range
+ 8 GPa (Bi,Tl and Ba), recommended in I968 by International Co-
erence on Accurate Characterizaetion of the High Fressure Enviro~
pent, possess SOme valuable properties, which allow them to be
idely used for a long time a8 pressure:calibrants. Those propei-
s are well studied, low cost and possibility of obtaining pure
arials. At the same time these calibrants have some shortcom-
1] they are easily oxidised (appreciably changing thelir alect~
physical properties), some of them (Ti and Bi, in perticular)
toxic, they produce insufficiently intensive and distinct ele~

ratiometric analog-to-digital converter (apC), a five—channel th cal signals, neither they embrace the entire range of the pre-

couple 12-bit ADC with 2 mK‘resolution and by © microcomputer—
controlled quasi;linear programmable DC power Sources.

The heating power AW is delivered by a qhick—se
and digitally programmable current source. A micrbcomputer boax
‘perfopms control of the complete measuring process.

Two additional units, decisive for the first meghod, are a 1:p
resolution pressure transducer with digital output and avsampli

rate of 1000 ‘per second and a 21-bit ratiometric ADC with the .s

sampling rate of 1000 per second.
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At the same time there is group of materials, characterized
gh preasure-induced reversible phase changes, accompanied by
variation of their electrical resistance. Those are chalco—
o8 of the 2nd and 4th group, whose electrical resistance chas
by 4e7 orders due to high preassure jnfluence. In accordance
our data, the conditions of ‘their synthesis, which lead to
erences in electrical conductivity and concentration of cur-
carriers as well as to different conductivity type do not pre-
ally impact on the phsse conversion onset pressure (P.), though
ging the electrical signal intensity and phase conversion mte,
jow of this, these substances can be suggested as reference
for & practical high pressure scale. However, the availsble
.ta for these substances are very diverse, o
'in“order to ewxecute the decision of the All-Union Meeting
LT Problems and Prospects of High and Supérhish Pressure
tiop“ (Minsk, 1986), the group of researchers, headed by All-
Center on Search, Estimation and Organization of Production '
ced Msterials-High Pressure Sensors, carried out investiga~-
‘the phase conversion parameters, in particular P, for cad~-
lead and tin tellurides as well as for lead melenide to es-—
e their poasible use as new reference materials for the prac-

gh prassure scale. The :esearches were carried out by the
3 49 .
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present report autbors as well as by R.A.Isbbulatov, Yu.A,Litvin
V.A. Kosyakov (IEM, USSR Academy of Sciencés), Yu.V. Vorona,
Tu.M.Rotner (OGU, Odessa), L.I.Fel'dgun (VNIIASh, Lerningrad), V ﬁhd
Mukhanov, V.A.laptev, M.I.Samoilovich (VNIISUMS, Alexendrov), A.D
Ryaposov (IG G SO USSR Acad. Sci.), I.I.Timofeeva, V.M.Volkogon
(IP¥ Uk.SSR Acad. Sci.), Yu.S.Maslenko (ISM Uk.SSR Acad. Sci., K
ev), V.A.Stupnikov, K.P.Burdina, K.N.Semenenko (MGU, Moscow), G.k

sé transition pressure for cadmium gel ¢ .
Teos aoition %3)' enide (I) and sulfide (2)

Transition| Method Avthor
pressure, ° : toar
8

Aparnikov, L.M.Okonov (VNIIAlmaz, Moscow)., They used the commerci g:g i:igg g-ﬁhégggtggigvegtagl. %ggg
al materials, manufactured in *the Soviet Uniom, and those, synthe B.g X=Tray P.I.Baransky et al.. 1975
sized by L.V.Prokof'eva (FTI USSR Acad. Sci., Leningrad) and M. : 2:93 ogt %'ﬁ'ﬁgkﬁﬁaﬁt al, %8;258
: . atly -
Allazov and A.A.Moveum-zade (Special Design Bureau on KPMS with {0 2.5 SD% I.5 g C.Roomans -~ ' 1969
. A.Onoders
of the Azerb. SSR, Baku). : 3,74 R and x~ray R,T.Johnson et al, %ggg
As it follows from the presented data that not all of the >
wed authors, having the sbove materials, presented sufficient re I:g ::g:g ﬁ'%ﬁngggﬁgzogteglél %ggg
sults. Some findings do not result from direct electrical studieg §~24 X-ray N.N.Berchenko et al.' 1982
Also, note, that different authors do not possess a single poin 1.6 and 2.0 R ang x-ray g:ﬁagggzgon et al, %gzg
of view as to what should be taken as a marked point {or as a 5-8 ~ X-ray S.8.Kabalkina et al, 1980
conversion onget pressure - P.) for cadmium telluride. Besides, : ¥-ray Eévéfflyushitskaya 1980
signal in tin telluride is far from being distinct and is rather | g'g R and y~ray G,A.Samara et al, . IGes
expanded the pressure scale, So, it seems reasonable to introduce e X-ray T.Buzuki et al. 1983
only lead selenide and telluride from examine chalcogenides at 2,3 R C.Rcomans . 1969
: . . , 2,2 X-ray C.W,F.Pistorious 1970
the practical high prssure scale, whose data were statistically 2.5 AV U.I.Ravich et al. 1368
prccessed regard the reliability and significance of the finding 2.5 _ R #.4.Semerchan et al, 1960
The P 4,23+0.07 GPa (signal intensity of 344 orders) f 2.3 ey N.Kh.Abrikosov et al. 1975
e P, are 4, 3+0.07 2 (signal intensity o orders 2.2 x-ray - T-KhattOpadkhiya ot al. I983
2.5 . R H.B.Brandt et al. 1976

lead selenide and 505+0.09 GPa(3+7fold change of electrical resig-
tance). Our studies support the suggestion to include cadmium gs
lenide and sulfide, as well as lead sulfide having a distinct el
sctrical signals (at pressures in I.543.74 GPa, I.543.44 GPa and
2.242.5 GPa correspondingly, as it is follows from literature
urces, see Table) as promising reference substances for the prag
tical high pressure scale. However, it seems impossible ds far
to the great scatter of various data (see Table),the more, the
formation has been obtained, using x-ray analysis, while the »
archers and practical workers perform calibration, using elect
cal resistance equipment, and the X-ray data for the phase con
sion onset pressure - Po - somewhat differ from elect}ical res:
tance data® for one and the seme substance. However, we plan a

R = electrical resistance, AV ~ volume change.

Note, that analysis of the high pressuts results on the chal-
ﬁides investigation shows, that other compounds, having phase
gition under pressure influence, for the time being can not bs
mmended this aim (because gf theirp insufficient study fifat of
y though in literature there are a lot such kind of data (as
binary compounds, as for ternary phase),

to undertake efforts to characterize these substances under pr
sure with presentation of the recommended data for their PO.

* Vereshchagin L.F. and Kabalkina S.S. X-ray Studies at Hi
Pregsure. Moscow Nauka, 1979, 175 p.
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EXPERIMENTAL TECHNIQUR IN HIGH-PRESSURE EPR

The crystal~resonators urawbacks consist of the necessity of
SPECTROSCOPY

ing large single crystals and making 8 new crystal-resonator

each-investigation,
G.N.Neilo

Physico-Technical Institute, Ukrainian Academy of Science
Donetsk, USSR ' )

The ‘idea of crystal-resonators was further developed and as
esult a number of compound resonators made of leucosapphire
11/ have been created which were for the first time used in

dies on HP effect on the processes of the electron spin-latti-
relaxation,

The paper gives generalization of studies on development
usage of high-pressure (HP) technique in the EPR spectroscopy !
the period of 1957-1985. .

‘This gives possibility to perform: a) snalysis of existing
designs, b) reveal of most perspective constructions, c)»searg

Structurally the resonators are made composite of leucosap-
re in the form of cylinders or rectangular parallelepipeds of
orresponding size in which the sample studied is placed either
for the ways of increasing pressure range in the EPR studies., slde the ring washer made of leucosapphire or rubie, or, in case
Analyzing works done during this period it is easy to se rectangular resonators, it is placed at one of its steps on
that the equipment of the piston-cylinder type and the Bridgmaﬁ ¢ lateral surface. The whole set is closed by a metallic yoke- ‘
Anvils are used as HP generators in the EPR spectroscopy. And § eve.. The most universal are the two-frequency resonator /6,7/
equipmentvof the piston-cylinder type is as a rule used becausé ‘/the resonator fo; the EPR measurement of elfctric dipole tran-
. 0f the construction where 1t is easy to create pressure,’ ' ; ns - /11/,
All the constructions are classified according to the type . It is known that the condition necessary for the EPR observa-
of resonators used and analysed by the same criterion. " i8 the action of the external magnetic field on the sample
It turned out that resonators of four types are used in 't udied, therefore units of Hp equipment are traditionally made
EPR spécfroscopy at HP, They are: coaxial /17, hollow with ultr 8 nonmagnetic material, for example, beryllium bronze having
high-frequency window /2/, solid-state with dielectric filler niting range of attainable.pressures of 1.2-1.5 GPa, while in
and spiral /4/ ones. . sel vessels of the piston~cy1;nder type pressures up to 5 GPa
DeSpite.the'fact that the creation of a number of device | be-cbtained, _ _
for the EPR investigation under HP /1-4/ is the essential ach _ The requirement for the nonmagnetic nature. was eliminated
evement, their experimental possibilities however are limited ch resulted in. the creation of the device fcr the low-tempera-
Thus, practically all of them can be used as a rule to investi ¢ EPR investigations at HP /g/, .
gate spectra of samples having large enough concentration of p The essence of the device is as follows, The HPV of the pig-
ramagnetic centres at the room temperature, while observation ¢ylinder type is made of high—strength ferromagnetic'alloy and
spectra of most 1ons‘1s‘possible at low temperatures only, Con the condition of the EFR experiment to be preserved the sour-
quently, all of them in the as-constructed form are unacceptab Of‘the external magnetic field, a miniature superconducting
for solving a large variety of problems of the EPR spectroscop enold, 1s placed .together with the sapphire frequency resona-~
‘consisting of investigation of the EPR spectra in wide pressur nd the sample studied in the HpPV operating channel. When
and temperature ranges as well as of the electron spin-lattice _of ‘nonmagnetic materials and radiospectrometer electromagnet
relaxation. of samples with different concentration of paramagn ;USed./9/, the EPR studies are possible at pressures up to
tic centres, ’ Pa.and temperatures of 1.5-4,2 K at arbitrary direction of the
netic field.

Creation of "crystal-resonators® completely made of the i
vestigated substance covered with thin metallic layer /5/ and
placed in-a non-magnetic cylinder high-pressure vessel (HPV) m
de it possible to study the EPR spectra of samples with heavy
rémagnetié dilution in the temperature range of 300-1,5 K,

At present, use of, the Bridgman anvils seems to’'be the only
to obtain pressure higher than 5 GPa in the EFR measurements,
superhigh-frequency resonator was constructed /10/ making it
sible to carry out the EFR investigations at pressures up to
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30 GPa., The set objective was achieved at the expence of the
lid-state resonator of HO11 mode being the composite one, co
ting of the laucosapphire cylinder with through axial hole i
which movable leucosapphire plungers are placed with a slide f
to whose faces conical diamond envils are fixed which wring oul
the metallic spacer with the sample studied.

10.

1.
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HIGH TEMPERATURE DIAMOND ANVIL CELL WITH THE LASER HEATING

M.I.Eremets, V.V.,Struzhkin, I.A.Trojan

_ Institute of High Pressure Physics, the USSR Academy of
Sciences, Troitsk, USSR

A laser radiation focusing in the center of a diamond anvil
(DAC) allows to provide investigations up to P« 100 GPa with
_pulsed /1/ and sustained heating to 5000 K /2,3/. The use of
ger radiation allows to exclude the influence of a heater mate-
11s 1f the sample itself strongly absorbs the radiation, Many
"rials are transparent for 1.06/um YAG-laser radiation usually
ed for the heating. Therefore it's nécessary te mix absorbing
ation powders, for example, graphit-, platinum /2,3/. The use
he powerful COz—l&:er for the heating considerably extends _
¢ dcope of the materials under investigation, as the wavelength
ation ;X-1O/nn is in the range of the strong lattice absorp-
«n'(absorp%ion ceeffinient N103--101+ cm‘1) of many oxides, ni-
ies and so on.
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Experimental technigue., The experimental setup is svhemati-
in Fig.1. The radiationcfrom the CO,-laser with 100 W
CW power is focused tq the spot of ¢80/mn with NaCl
cm), The incandescent spot can be visually cbserved,
of a thermal radiation from thé both sides of the

nple can be recorded. The ¢10/pm part of the spot can be limi-
with the diaphrapgmn. For the measurements withzufﬁo"Es the
ectrometer was used as a polychromator. In the exit focal plane
) stripelike fiters captured light with A2 =5410 nm, After the
ical fibers and PEM signals enter the logaripbmic divider and
 the oscillograph. .

DAC parts were made from stainless steel and the diamond
orts from tungsten carbide, To avoid the oxidation of dia-
sduring the heating the DAC was placed in the oven, which was
scuated or filled with inert gas.

’ The'temperature distribution in the diamond anvil. To find

t conditions of achieving maximum temperature the estimate of

¢ temperature distribution at the sustained heating was done.
calculations were made on the assumption that the whole ras-
ation: power Q=100 W was shsorbed by the material surface layer
d then transferred to the anvil, the other anvil was thermoiso-

I.C. 1191788, Int.cl.“ G OI N24/00, 24/12. Resonator of th
electron paramagnetic resonance spectrometer/G.N.Neilo, A,
Prokhorov, -Publ.15.11.85. Bull, N42,

di The temperature dependence of the thermoconductivity coef~

tiwas laken irto consideration. The spot {radius r=sn i)
at ] ] re50 ax
[ &
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Fig.1. Block diagram of the optical arrangement:
1 - CO,~-laser (multimode). 100 W; 2 ~ CO,~-laser (TEMgq mode)25 W

3 _ YAG-laser, 60 W, 4,8 - diaphragms, 5 - NaCl lens, ® - di-
smond anvils, 7 - objective, 9 ~ eyepiece, 10 - monochromator,
41 - optical fibers, 42 - photomultiplier tube, 13 - divider,
44 - oscillograph.

heated by a focused laser radiation was considered as the point-
~1ike thermal source with temperature T. Two parts of the anvil
were distinguished for the calculations: a halfsphere, R-}Oo}m,
(radius of the anvil top) and a coneshaped part with base radiu
R2-2 mm., It proved to be, that with the parameters mentioned &b
ve for 1a type diamond T«2500 K, T4=1050 K, if T,=500 K (ry - tH
temperature at the boundary of two distinguished above parts of
the anvil, T, - the temperature at the base of the anvil). Max
. mum T can be achieved by better focusing of the beam (T)-BOOOK
at r=25 }un). It's possibie to heat the sample to a higher tempe
ture by thermoisolating it from the anvils. ‘
. : ‘ i 100 K. If this plate is placed in mica gasket and isolated frou
Experimental results. The obtained estimates were qualitat - .
il1s by Mg0 powder, then the temperature T=2000 K is reached.
vely confirmed by experiments (P %20 GPa). Pressure was deterfl o - .
by the load lied t i1 £t Limi 1ibrati af a graphite plate is in contact with both anvils, it's impossi-
' a i ] : .
y the load applie o anvils after preliminary ca ration at 4o warm it to the visible glow.
room temperature with the ruby fluorescence method. Ruby, as ~

5
‘ig.2, Diamond snvil cells
1 = diamon

; d anvils, 2 - rockers, 3 - screws, 4 - cylinder,
5 < piston, 6 - spring, 7 - oven, 8 - window, 9 -NaCl lens
ith bellow and focusing system.

v

n with the sample. The maximum achieved temperature strongly
ends on the specific conditions of the experiments. A pyrogra-
te plate isplated from the back anvil by mica was warmed to

le, was absent in the heating experiments to avoid its intera
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ger power fluctuations.

re etched,

annealing.
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The maximum temperature was achieved during the mica heat
Quarts situated in the hole of ¢200/wm in mica gasket under a
snure of 15 GPa was warmed to T=1900 K, The error of the tempel
ture determination (at about 200 K) was caused mainly by the:l

One pair of anvils can survive a few tens of heating expe
ments during 10-20 minutes at T~2000 K and P=15-~20 GPa, Small
cracks often emerged in the heated place and the following rep
lishing of the anvil tops was required. The air around the anv.
being heated, the diamond lateral surfaces near the anvil fops

So the sustainsd heating to 2800 K is conducted in the DA
under & pressure of 20 GPa with Coz—laser radiation heating. Thi
allows to investigate phase transitions and to produce the las
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The solid-state high pressure apparatuses used in practice,
g6 of recessed-anvil and belt type, are not reliable enocugh in
of the pressure’retention due to difficultie: to ensure the
gtancy of pressure in their gasket regions., In the design des-
bed below the reliability of the HPA is achleved through the
rporétion of anvils sliding one over another and arranged in
h a manner that the central opening between them can decre~
1,2/,
_ The HPA shown in Pig.I was realized according to /2/. 1t cau-
ste of a ring I and four gectors 2 and four anvils > disposed
' 7 the ring. The inner surfaces of the sectors 2 and the sur-
28 of the anvils 3 conjugated with them are inclined towards
axis of the ring I as is shown in Fig.I,b,c. The sectors 2 are
odly held in the ring I by the flange 4. The whole unit is set
nly on the press bed 5 (not shown). The press is equipped with
opposite pistons, the lower one 6 and the upper one 7. :
The apparatus operates as follows, The lower piston & provi-
& with an isolation gasket 8 is moved up to the anvil 3. The co-
ainer 9 of electric isolation plastic mayerial having within the
J@le T0 to be compressed is put into the opening betwesn the an-
Thereafter, the upper piston 7 is switched on to move down=-
rds when the pistion 7 comes into contact with the anvil % the
etween opening closes forming =a closed cavity and then all the
wils 3 start to move downwards. The sectors 2 surfaces whereon
anvils 3 slide being inclined towards the axis, each anvil 3
eé in the horizontal plane in the directions shown by arrows in
g.I,4. This results in the decrease of the cavity cross section
consequently, in the compression of the container 9 and the
pmple 10. )
 The force diagrams for various stages of the anvila operating
le are shown in Fig.2. The force developed by the lower piston
quilibrates the pressure exerted on the piston by the container
and the sample TO and in addition it generates in the gaskets 8
 pressure required.

The force developed by the piston 7 counterpoises the force
ﬁhe,pistbn & and all other forces acting on the side faces of
59 )




the anvils 3 as well as "¢ fxictionsl forces developing betwes
the gaskets 8 and the anvils 3.

Thus, the surplus of the force developed by the upper pis
against that of the lower one is equilibrated by the "non-vert
cal™ forces acting on the anvils 3. The system of forces acting
the anvils in the process of loading is shown in Fig{S. This 8
shows the normal force, indicated by the Q-vector, that acts o
one of the apparatus cavity walls and the T-vector that repres
a friction force generated by the force Q.

The F-vectors are normal forces arising between the adjac
anvils and T are. friction forces generated by the forces F. T
the friction force operating on horisontal faces of the anvils
Tz—vector is the horisontal component of the friction force op
ting between the anvil base and the adjacent sector surface,

Comparing the diagramé shown in the uppef and the lower Figy
res it is easy to see that the force F and the force R depend
the angle o¢ , all other conditions being equal. Fig.4 depicts
dependence of normal compressive forces at the adjoining anvil
and that of a horizontsl camponent force developed in the resp
of the sector 2 on the angle o all other conditions being the

The optimal force F value can be defined by solving a kno
differential equation that describes the distribution of press
" between the block head and a blank in the process of upsetting
which is used in the theory of metals machining by pressure. H
ever, the constant shear strength value should be substituted
the equation with the expression defining its pressure depend
For a rather wide range of carbonates, magnesia, sodium salt
graphite that are generally used as gaskets between anvils, ¥
dependence is most-fully described by the expression in formi

n_me?p?
KP

TBP = P
The values of n,K and m for various materlals and for th
. values ranging from I0 to 50 kbar may be found using the Brid;
. table data., For example, for graphite they are equal to 0.588
1.I%0 and 0.6%6 respectively. Though the equations after the
stitution becomes more complex and cannot be integrated by qua
tures but its approximate solution does not involve sny probl
A force F that is somewhat larger than'analogous one geri

ed in apparathses incorpdrating compressible gaskets can be u
e.g. for the apparatus of recessed-anvil type and "belt" type
these apparatusﬁq- F/Q = 0.6.4 I.
- 60
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High pressure apparatus with sliding anvils (details in the
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9 between the anvils can be controlled by selecting an appro~
te angle between the working and the bearing side surfaces of
anvils. This ensures a reliasble pressure retention within the
ty. -
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up to 600 K and initial bressure ~ 6 GPa af;

PRESSURE SELF~-MULTIPLICATION EFFECT IN A PLANE-ANVIL CHAMBE the cente,
Bmple was ~ 0% (Fig,2), erven of

CAUSED BY NONLINEAR ELASTIC PROPERTIES OF SOLIDS
?e‘effect is reversibies during the reverse run (B2+BI tn
er:h:fﬁzis:;:erdecreaseé at the center and4increased at :3::
émples’ wﬁiChahajr heoting. The control expe iments on the
5 A did;':o phase traésition in the investigated
= s show described effects
t should be pointed Gut that the kinetics o£ hase trdnsi
% conditions of heating is essentially much wga;:r tszzsi;

V.D.Blenk, Yu.Ya.Boguslavski, S.G.Buga, E.S.Itskevich, Yu
Konyaev, A.M.Shirokov

Institute of High~Pressure Physics, the USSR Academy of
Sciences, Troitsk, USSR

The pressure distribution in a golid compressed by hard an
vile, depends not only on the anvils shape, but alsc on mechani
cal properties of substance being investigated. Namely, lncrea ’
of elastic moduli caused by pressure, leads to a sharpening of:
stribution over diameter and to an incresse of the maximum pré

the observed effect of the positive feedback ¢
1y in the framew.rk of the nonlinéear theory ofan
ure in a central part of the sample, as compared with the case
constant moduli. A positive feedback is established: an increat
in losd increases the pressure and the elaatic moduli, and the
crease in the moduli automatically ensures a faster rise of th
pressure at the centers of the anvils /I/.
The self-multiplication effect should be manifested most é
ciently by substances that undergo a phase transition and are.
chamber at two-phase state, Bach step of load, rising or falli
leads to occur- a part of a sample which is in a metastable 8t
in the preseure‘hystereais region. Shear deformation or heat
initiate the phase transition of this part of substance, so
distribution of pressuré at constant load takes place. The e
can be attributed to essentially nonlinear alteration of ela
properties of substance at phase transition.
We have investigated pressure distribution in the sampl
KC1 before and after shear deformation /I/, and also before
after the heating up to T = 600 K in a diamond chamber at thi
‘gsure range up to I8 GPa when rising or falling load was app:
by steps., The method of creation and registration of pressur
described in /I,2/.
It is shown, that shear strain in KCl gsample results i
neiderable redistribution of the pressure when the polymorp
nsition pressure was exceeded, If the 1load was increased f Bsureé of phaseg equilibcium- "
(BL - B2 transition) after applying shear stress, it was f e have for KC1 /I/: B : ﬁgog'cyoung modulus
that the pressure increased at the central part of thei" 5 1.65 (3K./3 p)! Q;E é ‘Tg-_ P&s/uzc = T4,5

decreased at the periphery (¥ig.I). The changes in the pr fipliéatign " pgd «&. Then t?e yalue of
the center could reach 50-70% of the initial value before ) ' used by shear (Fig.I) can be

+7 KN, D= 0,085 cm N ;
_ar. The increase of pressure caused by transition BI - B2 ' PS5, ”d = 0.04 cm, then py =
B —n e - rEa 7 GPa' pe/p

I.6~I.7, that is in a
xperimental data (p = 45/ D2),
7t

©

's congider the sample compressad by force F in a plan
yﬁe: that underwent a phase transition and than e?fec:-g
or heating., The diameter of the sample, and the di' .
 ,er high-pressure phase are D and da e
godqli-of the Ist phase do not de
noduli of

» correspondingly. The
pend on pressure /I/. The
the 2nd phase are the linearp functions of pres-

B = Moo +( 3,/ -5.); ,
2 = B0 *(3alop) |, (p-p,); Kye K20+(8K2/ap)’po(p-po)

‘1n~this case the dependence K
(©K,/3p) |
tive value

° E(P) is quite weak and we,
pos O Instead of this paramete: we'll use cer-

K determi ;
: 201 ned through the maximum
ossure and derivative (3K,/3 p)l e

of the theory of homogeneous detorn
2 can be given by equationi

%=“g%+'%3§+ ,

gg,zlé[&dﬂ?m (D2 dz)afiv_o]

« Finally, in the
ationg, the pressure

S P : 3 ~ D' - ~
3&20’ E1o+3—ﬂd2f(2gylfza’3'<20¥ o F-f g%’/%[b’dg @'*(D2~d’)§‘ﬂ;
,'q~ﬁa”hVéB)h%R>,

L
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The calculated values py 10 GPa, p2/p < I.9 in a c;;: za
heating are certainly higher than the experimen;airEEZi;ion' y
apparently lies in incomplete phase I to phase. e
It must be noted, that pressure self-multiplica % e
1ly influences the kinetics of the interphase bou?darles i
The redistribution of pressure takes plac? with a spe
isound. Thevspeed of the interphase boundary shift is :ucznzizzd
So, the radical shift of phase boundary take? plac? :1 CSlows :
of sharper pressure distribution and the m?tlon qglg yh e
That is why the observed experimentally shift of 1nterpl§ ° eé
dary after shear deformation is much less, thaé ?ne ?o?t.alxiié
knowing the place =f the points pg ~ 1,9 GPa at the initi 5

tribution of the pressure.

I,
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INDUSTRIAL SYNTHESIS AUTOMATIC C

ONTROL OF SUPERHARD MATERIALS
WITH THE USE OF MATHEMATTCAL SYNTHESIS MODELS

/ B.A.Glagovsky, V.S.Lysanov, V.A.Jashin
All-Uniocn Research and Scient

ific Institute of Abrasives and
Grinding - VNIIASh, Leningrad, USSR

The ‘solution of tasks of all-round automation of technologi-
1 synthesis proceas of superhard materials (SHM), going over to

6.3

ip ber before (-o-) and
i i i of pressure in the cham . :
Diggrtg:t;ggar dgformation at the load increase.

j i g in the chamber before (-o-)
Dlstriggt;ggtgﬁgpsgsggrgoo K at the load increase.

Velopment of flexible SHM industrial synthesis systems and fully
66 X tomated (without human beings) manufacturing process are closely

onnected with working out of méans and methods for SHM industrial
‘thesis automatic control.

As'a result of research and engineeri.

ng developments carried
t in VNITASh in T967-

I987 there appeared some favourable prere-
ites for solution of the above-mentioned problems,

Thus there were developed and built:

a) information-measuring system for carrying out SHM techno~-
cal pbrocesses investigation both in laboratories

L and in large-
e industrial productiong

b) & series of basic electronic automatic regulators for re-
tion ‘and control SHM synthesis conditions when carrying out
above-mentioned investigationsj

iy

_ t)'methods of carring out, processing and analysis of large-
¢ statistical investigations results of SHM synthesis techno--
ical processes under current industriai'production_conditions.
_ The ' results of investigations carried but in 1967-1I980 were
ished in /I,2/ and reported at the International Seminar "Su-
hard Materials", Kiev, June I9&I, ' ' _
During the same period there was settled the problem of SHM
rial synthesis automatic control being itself a multidimen-
nel random process progressing in extreme (as to control and
ction) conditions on a mass scale,
It should be noted that intermediate results of above-menti-
investigations made it possible to develop the local devices
utomatic control of SHM synthesis industrial equipment for
te technological conditions providing SHM manufacturing of
‘ant types and grades (diamond: AC2, AC4, ACH, etc.; Elbor:
and JKB ; materials of Elbor—R—; Komposit-05-, Gexanit-=k,
8-y Karbonado-types, etc. ./3/.
¢ algorithms ofISHM synthesis conditions control deveibpu:
114Sh and taking account of the process dynamics and wea: oy
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in fdrming outputi characteristics of %tiie synthesized product,
tablish principal communications between all the factors of
yothesis process and its oulput indew=a. Accurste engineering.
‘tione accepted by developing similar models provide their
ering realization in automatic systems from local devices

a besis of actomatic senbrol d
wpoisk™ and other LYPeS, £
11 ot—production

tlie equipment wore agaumed a6 >
of "Sintez", “Impuls", "gignal’, ; o

; L o
gcale production of which is arranged ab v P

he Insbtitute. j
* t'It should be observed that practically all the presses‘

5 are equipped with similar devices.
ag well as aubomatic presses (robz?
: = d equ ]
of ACWM — end DPO-I38-types developed in 1977 198485 ; i:;
oo i and W
above-mentioned local devices for automatic contro

i its made it possible
ing diagnostics units /3/
B e eeatoms lopment of SHM jndustrial synthe

SHM industrial synthesi
Enumerated above,

he suthors investigated two methods of approach to the pro-
of simulation for SHM synthesis conditicmst analytical (de-
ate) and statistical. It is shown that the wmost advisable

9 develop mathematical models for SHM synthesis is conehruc-
f statistical models, ! )

d a result of investigations accomplished in the laborato-

£ the Institute as well as et some large industrial works
uring superhard materials there were developed methods of
out statistical investigations and constriction of cont-
orithms for concrete ‘synthesis technological conditicns,
should be observed that similar large-scale investigations
uccess only owing to the before-mentioned information-mes-
unit and aubomstic control devices develcped at the Ine

over to the problems of deve
automatic control systems. .
The develcpment of SHM in
by sclution ‘
gystems was preceded : v ) g
;i from local control systems and their pxeuess;2§ : ol
i tomatic control of "Sintez- ’
mpe local devices of au : o
developed at the Institute and set up 1n the S?M syn oy
ont directly under current industrial production cont r
" i a
fher with contactless pressure transducers mount?d 1nfo 11
vagees hydraulic gystenms, provided the Opportunlt% of a :
. 1 computer "Iskra-<
i t into the control p
gary information oubpu ‘ :
th:i makes it possible to evaluabe the current synthesis i
' ] su
ters in its process (voltage, strength of current, p?es

' i ocess the informabion. ; -
thesis time, etc.) aid torz:ents information about current atical models for concrete synthesis conditions /I/} con-
A control computer P i

| . - being changed in given bime interval ; ithms realizing these nodels are used in automatic cont-
ers pf the proces ' over all devices, about synthe eg developed at VNIIASh,
age value deviati.ons the last synthesis for @ ematical models obtained as & result of large-scale sta~
jzed index value oVinon . visusl display and 6 investigatiuns of SHM industrial synthesis ss a ruls ]ook
computer conveys Lized indexes over all P ynomials of the second power taking into account the ef-
ta aboub genezavariance)‘ éeneral numbé he technological process parsmeters as well as control
%\QS“ZZiieo:naccomplished and nonaccomp § on.the output of the product being synthesized,
i&‘"vnﬁhesis time{ calculates gen y@ntloned polynomials are obtained for different combina-
rabio higher then an allo _synthesis parameters (voltage, synthesis time, number of
nnological equipment @ periods for_technological equipment, power, pressure and
,rol actiop on its outpul eleéctrical parameters change).

duetrial synthesis automatic’
of the problems of data ¢o

experiments being carried aut answer bthe principal stste -
f regression analysis and are realized with the use of me~
f multifactor mathematical design of experiments.

the basis of such experiments there was developed a series

crease accuracy of developed models formalizing SFM syn-
cess there were lmposed some engineering limitations on
y of the equipped containers., Thus, to obtain a prcduct

ubput variations + 8% it was necessary to select contiri-

industrial synthesis aut
/hematical models of ind
4 s nditiona vovidé
Aynthesis conditions DT |
,ity the signilicance of diffe
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‘ . r GABAR PRESSURES WITH SYNTHETIC DIAMONDS
ners and their equipment with representability no less than' 9

the expectation.

A,L,Ruoff, K.E,Brister, S.L.Weir, Y.K.Vohra

Department of Materials Science, Cornell University, Ithaca,
NY T4853 USA

The cbtaiped regression polynomials describing SHM synth
models are being written in a common form by the following eg

. k=n
tiont i=mn
2 act
¥y = b, (byxg + Dyxp) + 9, PyyXiXg
i= I i<k = I .

One third carat synthetic gray-blue diamonds grown by the Ge-

"where n = I,3%,5 and 7 - number of the factors of the experinmg lectric Company wer
£

x = coding of the factors value, b = coefficient of the reg
equation. ' ;

The data given in the Table show that when carrying ou
crete engineering limitations the models are being concreti
considerably simplified.

¢ used as anvils in a diamond anvil cell
uce a pressure of 125 GPa in a gasketed sample, Pressure

sured by x-ray diffraction methods by using gold and iron
librent and also by optical methods based on the shift of
brescence peaks of ruby with pressure. The pressure at which
the synthetic diamonds failed is nearly as high as the ma-
ressure of 170 GPa at which X-ray or optical absorption, re-
n Or Raman scattering experiments on a éasketed sample which
stiff and has a lower flow stress than the gasket in a
 hole have been made with natural diamonds,

‘Vﬁriatibns of

Variable parameters, % product_output

The future po-
Elastic|Charac- |Rate © Mat- | Syn-~ Facl |Fac~?| Fact f,;ynthetic diamonds for ultra-high pres§ure res?arch is
coggt— teris- |voltage rix tpe— tor ltor |exp l+ The present research shows thay very high quality syn~
ants of}tics of |change | Po-{ dura-| sis Vol-| expe efpe- men n-stones can be produced,’
the co-{the co- wer| bili-| timel| tage| ri- |r " ’
ntainer| ntainer ty ment jmen

king ul-
—~ 20 100 25 0 o o ressure devicess they are the hardest material known apd
%% gg [ 50 s i 22 O- rensparent to photons over a wide energy range /I/. The
< - - 54‘ 190 gg 22 Ural diemonds for generating very high pressures and fur
- - - - 10 25 &5

ifferent materials at these pressures is described in
dayaraman /2,3/. Thus far all scientific studies of sam-~

The results of the invesbigabtions being considered i rted by a gasket have used natural diamonds,

present report, and the experience of commercial operatio
geries of automatic presses for SHM synthesis with the us ;
computer realizing on the base of a mathematical model tée

mation accessing from every synthesis process sh?wed thei
1ity of principle developing flexible manufacturing systez
ACYTII for SHM production.

Onodera et
1y have used a pair of deep yellow synthetic diamonds

th a flat tip to reach a pressure of 68 GPa in a gag-
0 sample chamber /4/,

amonds - used in thie experiment were one third carat ty~

i by the General Electric Company from an iron solvent,
oWs: a photograph of one, of the diamonds. The diawoe

of excellent quality withno flaws visiblellsing
8cope -with magnification up to I00x.
diamond was found to be below Iﬁ‘q

nd s
an opti-
References The birefringence
which indicates that
ns were very low and are ¢omparsble to the best natur
The impurities were mainly boron (4

I. VNIIASh‘Tragiacgions.LProgégg? of Abrasive Tools Autol
2. gﬁ?gfgi ;?Znsgst;ggé. éaal?tnyogzggi ang In%ggg?ion,
Je ETX?G¥Z;g£é§§Se€ngJ?XS%imﬁggzt§§§§gbéfégg;§i§hﬁg%:i§:

g‘glclgtlxggjlgfl"zggﬁgﬁiistfg;‘ e\x}é(ril Alutomatikc Control", N3,

al

~6 ppm) and ircno,
impurities were probably in the form of small neclu~
he Fisure is given wi the end oif the book
70




sions captured during dismond growth and cause a slight perms fmparison Of ODEEIVEd 4Oa LluLbuu Diags pihs opaw
D O oion poske of gold ab II2 GPa. The lattice constant

nagnetic moment /5.6/.
&= 5.6/ the Pitting parameter with the least squares value of 3,687 I,

The dismonds were shaped to nave a center flat of 70 pum:
a taper of 5 degreses to a total tip diameter of 200 pm. A pre
dented spring steel gasket was used to contain the sample. n

(hkl) l observed (K) tittea (D)

slly the sample was 25 pm in diameter and %0 am thck.
T . 200) I.846 I.84%
The diamond anvil cell used was: similar to the one desc zaag 1.302 1.503
by Baublitz et al. /7/. The x-ray get-up is described by Bris 211 I.II5 1,112
: 222 1.067 1. 064
et al. /8/. 331 0,846 0.846
Wa used three methods to determine the pressure of the ! <420) g-ggg 0.824
T. The pressure induc ed shift of the ruby Ry line was i 5II ,(333%) 0:713 8‘;%8

L]

red using a 512 element photo diode array, an optical multic g%g 8-222 0.@52
analyzer, and an argon jon laser. (Note that the ruby scale 60N}, (#22) 0.614 8'2%2

————

based on the shock equation of state of Cu, Mo, P4, and Ag i/
. 2e Tne reduced volume V/V for gold was found from our:
date and compared to the equatlon of state as determined fr
shock experiments /10/. The shock data Wwas ‘fit to a Birch fi
order equatlon of state /I1/. The values of the fitting pare
used were B = I77.5 GPa and B = 4,767 where B is the zer
sure bulk modulus and B is 1ts first pressure derlvatlve.
3, We were also able to use the reduced volume for irol
completely analogous fashion to gold, Here we used the shoc
of Brown and McQueen /12/ and found values for fitting paray
of Bo = 1I6% GPa and B = 5,%4. We were able to determine thi
and iron pressures s;multaneously by allowing the x-rays to
through the gasket- ~gample interface.
The sample wWas initially loaded to a pressune of 149G

ing the ruby scale. After this the cell was taken to the Co
High Energy Synchrotron Source (CHESS) for the x-Tay measuras
In Figure 2 we show a diffraction pattern obtained in five
at the CHESS wiggler white beam station. Note that there a;
fracticn peaks oub to at least 62 KeV before the Au and Fb
. scence lines ohscure the data. The experimental Bragg plan
iﬁgs are compared to the fitted spacings in Table. The 1at
pameter and pressure are = ﬁ.b&Vﬁ and II2+9 GFa respecti

The ulbtimate pressures obtainable in both natural and synthe-
¢ dlamonds may be due to the absence or near sbsence of dislocea=
ons in the highly stressed region about the tip of the diamond
3/ This reglon. extends into the dismond a distance equal to ab-
half the radius of the tip /I4/ end has a surface. ares of :q?
ere o is the tip radius, If_p is the density of dislocations ’
he number of dislocation lines crossing a unit area) then the
pber.of dislocations in thls hlghly stressed region is J”a,Jo
r a= 325 pm and JD 10* cn” , typical numbers for high quality
I gtones cut for high pressure work, then the probability of f£i-
g & dislocation in this region is about 2 out of 5, This means
3 out of 5 diamonds of this type should act as perfect crys-
8, assuming no other defects are present. The diamonds usged in
eriments with gasketed samples have all had extremely low bire-
ngence (4XI0” T IO'“) and hence probably have dislocation de-
ties below 10 *em™2

_In comparing the maximum pressure attained with these synthe--
dlamonda to the maximum pressures reported for natural diamonds
is importent to note that in this experiment we used a soft
vle with a pressure supporting gasket. In the sexperiments with
a1 ‘diamonds in the 400~-500 GPa pressure range the sample was
erial which was very much. stiffer and very much harder than
asket /I5/. With a soft sample the maximum pressure reached
'te with natural diamonds is I70 GPa 116/
; his experiment has shown it is possible to synthesize dia~

g of extremely high quality which are capable of reaching pre-
08 rlvallng those which have been reached with natural diae
73 .

) Figure 7 showe & diffraction pattern taken when the X
am was dlfb(bed at the gasket- sample interface. The pIessu
this case is I25 GPa based on the gold diffraction peeks
Gias based on the iron pesks. These pressure are the saney

the expecinental eTrors of about 9 GPa.




1800 - . —+ r 1 1 LA ds. It should be possible to grow diamonds that .exceed naturaj.

amonds in their ability to generate ultra~-high pressures. This

GOLD, P=H?GPu hould make it possible to attain the maximum pressures poasible

Electric Research Laboratory for making the arrangements. We
atly appreciate the helpful discﬁlssiona with Robert C, deVries,
bert M. Strong, Steven J. Duclds, and Serge Desgreniers, We al-
;‘6 thank the entire CHESS staff for their help.,

1500+ g h perfect diamond crystals, estimated to be 780 GPa /17/.
. - E This work was supported by National Science Foundation (NSF)
12001 5 %x B ant DUR 8612289, One of us (K.E.B.) thanks the NSF for supporb
ég P i ough the Cornell Materials Bcience Center, S.T.W. thanks the
2 = AR tmen Kodak Company for a fellowship, We are indebted to the G-
' § 900~ g ?a f,. al Electric Company for supplying the synthetic Type ITB dia-
* - o :-:“d i nd crystals used in this work and Robert C. deVries of the Gene--
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ure Attainable wit

Master's Thesis Introduction

It is well accepted that glass formation requires cooling of
elt with a rate higher than a critical one to avoid detectable
eation and crystallization /1/. Nucleation frequency and crys-
1ization rate and thus glass forming ability can be influenced
hanging the melt composition ¢g+ E.g. the critical cooling ra-
necessary for glass formation is enhanced with increasing
ation of Cq from the eutectic composition, Pressure applica~
-affects nucleation frequency and crystallization rate, too,
aim of this paper is to investigate the dependence of Rc on

sure p and to compare theoretical calculatjons with experimen-
results.:

o

Dismond Crystals”

odel
Basis equations

The crystalline part X forming .on undercooling a melt for an
ant t depends on the nucleation frequency I and the crystal-
tion rate v. For non-impeding spherical crystallites X is gi-
by /2/. t

- t ' 12
X = ‘3‘7’;. j T(t')dt S v(tmyatn! © )
0 ¢ :

d v .are functions of time via their temperature dependence

. The time constant for establishing a steady state nucleatlon
uency for metals is of order of 107 °s. During this time in
pressure rapid solidification devices the temperature decrease
maller than 1K. Therefore we may use in (1) the steady state
atlon frequency. Neglecting heterogeneus nucleation T is gl
by 72/ » 1, . -
g el - 43 (2)

‘being the viscosity. AGC is given by

gor V3
AG | s=—rm — (?)
© 3 v, Ag
¢ DB
Ag = {Ah + pAv) (1 - "._"/Ts') . ()
‘ -




with the molar volume of the nucleus (solid phase) v, the speci:
fic surface energy between nucleus and melt J~, the solidus t
perature Tg, the differences of enthalpy Ah and molar volume
between nucleus and melt, respectively. At atmospheric pressure
DG, = 60 kT, at an undercooling of T, - T = 0.2 T, is a common
approach for metallic systems. The crystallization rate is given

R(p) [ F(p) |'/"

R.(p,) ) F(p,) | . - (1)

¢ -

ibing the change ‘ :
, ge of the
sressure. normalized critical cooling rate

Ve [ Ah(Tl—T) fessure dependence of th
v u —2-[1 - exp( - )] Wi e E;
C kT Ty pressure dependence of the acti

‘ 35 -3 mined by the activati . vation parameters E, 1is
I, and v are constants with typical values of 1077 Pa m and on volume Ve i
0.1 pa m for metallic melts. For the viscosity an Arrhenian-1ike E=E + v
behavior has been assumed o P a (12)

J“ding to /5/ \ i >
is connected wit the mo ar
a ith 1 volume of the

N = K exp (E/KT)
Equation (1) determines the critical cooling rate RC which corr

- ponds to & given crystalline part Xc‘ For constant cooling rate
the equation (1) can be transformed to

vy = Evy

“ (13)

& typic '

. Zzpézzeo.1 fir metals, Neglecting the much smaller

i, nce o h N >

c e in ¥ » ahy Av, Vg compared with that of Ag

X e F (EqiEpiE3) :
MU RT3 3

c 4 G . 2AG, Qv

3 _ ) .
awm - omh e 2p  An+phv - (14)
. and (13) we obtain
and )
, B (p) emo tEV1 P
1 E E . ’ E . . kT (P)
F = f exp { - —l— - ———(-—5")'5) {_T;’ EXp(-- -Ii‘-—l-l-—') + E1El( s
T! T (1-T! . -
o r r r ET . E,(p) = Ah/kT (p)
- E, + E 1t Ep o
- exp(Ez)[Tx exp(- _J____g_) + (E1+E2) Ei(~ ———T———)]} dT; (15)
r T Tr 80L 42 :

' : 3 vy (Ah + pav)2 kT (p)
with the exponential integral Ei(x). The index T denotes 'd 8
sionless (reduced) temperature Tr'T/Ts’ The crystalline part
tormed is governed by three different activation parameters

Eq = E/kTa

sing functi ) e and
881 velaty ons of pressure, Depending on tre eitab]if
- 'on of E(p) and T, (p) E, may be an inop L1 shed
function of pressure, Assuming th © nereasing or a
ressure dependence of T irg the Simon-equation /4/

vAp + 3 lﬂ Ts(p)_{C

a ﬂl_ Ts(poﬂ (16)

ror 8 convenient discussion is re-formutated
F 5 (7 7; G ! 1 pressure p, may be calculated

E, = An/kTg

E. = 80 T4
373 v, Bh+p LV)2KT




c EO/ Evy -ac

—e e —
p = s =7 (17)

If p¥ P, than E1 is a monotonously increasing function cf pres

%3, Results ) .

The function F has been calculated numerically for diffe
Ey (Fig.1). In the considered parameter range 15E, %15, 1$E2f5
0.55E5ﬁ1.2 the function F only slightly depends on E; and mayf
approximated by the relation

F=Fg exp( -az}

-w N
: ] 0+ E,5(0,Ey
with z = E; + b Ex, 8=6.56, bek 47 and F°-2.65_1o“5. With this 2" 10;Ey 1024

pression we obtain for the normalized critical cooling rate eé

o, = exp( -2 [z(p) - z{pyi)

The pressure dependence of z affects the béhaviour of .the cr
cal cooling rate RC. For two real system the pressure depende
“of 8, is calculated (Fig.2) using material parameters liste
Table. It can pe seen that in the Fe-B system the critical co
rate for glass formation 18 shifted to higher values under pr
re. This result is corresponding with the experimental facti
at high pressure rapid solidification a metastable Fe3B phass
been detected instead of the expected amorphous Fe-~B phase /5
In the copper-tin system the critical cooling rate decreasés
increasing pressure making glass formation easier under high

X/

i S

1Fasaf’t0.6 o E

. & function of o S S

_other paramet ne activation e
ers were kept constant. parameter E;. The

b, M ' ! T T T
sggh, | —

120.0

sure conditions.

\ ‘Unit ‘ Fe-B Cu~-Sn

a pa 3,5 108 446 10° ¥
*

c 1.7 1
E kJ mol™ 210 30 : )

—1 e —l L ! b
n kJ mol 13.76 12.5 7 PR S O '

, . e R e T S B, R iy )
T K 1448 1013 Normalized
5 critical cooli

1 6 - re for Fe-B (bold ng rate as a funct
Vi n> mol 7 10 8 10 line) and Cu-Sn (dashed 1?n§§? of
v 0> mol”) 3.5 1077 2.8 107

__Parameter was determined from the clausius~C
equation

80
81 .




The ‘amorphcus state ©

for 1074
ling rate at that pressure in the order;o .
4, Conclusions

under pressure has been qalculated using th
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VVANALYSIS OF EFFECTIVENESS AND CHOICE OF OPTIMAL

CONSTRUCTION OF TWO-STAGE MULTIANVIL UNIT OF
SPLIT SPHERE APPARATUS

~ LYu.Malinovsky', Ya.I.Shurin?, E.N.Rehn2

Institute of Geology and Geophysics,

Special Design Tec
Novosibirsk, USSR

Novosibirsk, USSR
hnological Bureau of Single Crystals,

Construction of two-

. stage multianvil unit is fhe main type
ctically used in "spli ]

t ‘sphere® apparatus /1,2/, due to their
¢ity to centre anvils of the whole unit automaticelly. The

imal construction is that of maximum useful volums under other
81 conditions and of minimum liquid

pressure under equal use-
volume,

The minimum volume (mass) of the inner stage anvils
1y made of tungsten carbide can serve as an additional cri-
N, We analysed the construction in which the working cham-

8 of regular polyhedron form, 8 number of the inner stage

8 (n) is equal to a number of polyhedron faces, and a num-

I the outer stage anvils (i) is equal to a number of‘the re-
polyhedron faces formed by the inner stage anﬁils. .
The force produced by every outer anvil is determined by the
of its basis (S1) proje

cted on to the plate normal to the
exis /3/: 4 )

S1 -—ﬂl; tg ~E— ctg 2 -I'Rz -rquz,
3

2 cos—%l + 1 4+ cos(1 - % +%3)r
]

1 - cos(1 - % + §3 )

X 2 arc cos

.bgr of anvil lateral faces, ¥ - the central angle of an-
ce sector, )

he full effect;ve area (si) and force (Fi) of the outer
fre: Si e {g¥R” = Kis' Fi = KiPS, )

P is'the full sphere surface, K
uter stage effectiveness,

the basis faces of the inner stage anvil are tilted at
towards the anvil axis, a partial loss of force being ex-
om the outer anvils face occurs on the stage boundary
o= Fi Sinﬂ- KnFinKnKipsnKniPS,

s 'the coefficient of the inner stage effectiveness,

.83

1'- iq/4 is the coefficient




g8
truction effectiveness
f two-stage cons
the coefficient o

Knl is ,
on force. )

The useful volume : ’
: ater and heat-isolated enclosure 4 by the
" sidered to be restricte Yy _

working chamber polyhedron as th%

(v) includes the volume of the reaction

chamber,

nvil unit
The useful volume is con

{ficiency coefficients of two-

¥hen comparing the efficiency of two-
\see Table), the construction 20
lune is to be preferred,

stage constructions
/12 with icosahedral working vo-

stage constructions of multi-

inscribed into the

cylinder, » is the most technological one.

The extent 0

Working volume

Inner stage

cylindrical heste ber V_ is characterized by the coefficient. shape t, shape | =n [k, | &
use of working cham ) :tation of the inscribed cylinder onf 4 tetrahedron 0.34 tetrahedron 4 0.33 15.11
t,=v/V, at optimal —or eon L, in cube, on Ly in octahedron ant 8 cube 0.79  octahedron 6 . 0.58 3,10
axis L, in tetrahedron-i osa;edrono “ 6. ‘octahedron 0.46  cube 8 0.58 L,62
- dodecahedron, on L5 in ic 4 to the surface of the working p@ 20 ‘dodecahedron 0,48 icosahedron 12 0.79 3.08
The force F, 1is apiiiihe inner anvils. The force of B“Y% 12~ icosahedron 0.57 dodecahedron 20 0.79 2.36
(So) and lateral faces omplex dependence on contact pressure §
lateral sgpport is in ¢ i-the lateral faces, on the proper Outer stage Unit efficiency
'tribution overaz::ta;:ieiial and so on. However, for ;Z:i:r i Ky Kni Ky = Kp
compressible & sufficient to admit the same force pro s 4 0.75 0.25 .10 4.68
analysis it is to be used for the lateral support. ?d“m; 8 0.87 0.50 0.85 1.12
the inner anvu:mon of the multianvil unit under load may 6 0.83 0.48 0.50 1.60
equil}brium 02“110;8: 20 0.94 0,74 1.13 0,92
expre;sed as fo . . ( v ,)2/3 , 12 0,92 0.73 1.35 0.82
F, = KPS = APGSo = APo TniTiE] -
' p, = 50-80 kbar, T er,
where A = 243 is in the pressure range o

surface-to-edge 4

fficients R
portionality coe of a regular polyh

t_ are pro
e edge cubed, respectively,

and volume-to-

. Therefore WKy P \3/2 3 P )3/2
v - tvtn ( ~Tn )3/ R A o ) v A o

e efficiency at the constant. ¥

" where K, is the useful volum cont“ti

of 11quid pleSSule F s WOI killg volume pr essure EO'

. sure on the step boundaxy P1 and s_phexe radius R.
B =
f f 3 ;

lng equal, the liquid pr essure efficiency coe fiCle!ltS K

2/3 r 2/3
defined: . Ty AP X_g.. = Kp AP, Y
P = 2/3 ° r
b R (tyty)

‘Under the same conditions,
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and anvil mass 1.4 and 1.5 times,

n design 8/6 with octahedral worki
§.the optimal alternative.

33/00. Hig

the conclusive chojice of the optimal design is specified,
8 relatively small difference in the efficiency of the systems
and 6/8 taken into account, by the labour expenditure on the
atus fabrication and exploitation,

which increases sharply
the anvil number. Thus,

the construction 6/8 with cubic WO~
quires liquid pres-

respectively, less than the

N.Kawai, 5.08,1970

an

. Dependence o
1 number,
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OBTAINING HIGH PRESSURE GAS WITH THE HELP OF A FREE F A
SFLF-WEDGING PISTON - . ' deceleration,

For wed in, tis necessar y to f ulfil ine quali t}
g/’ & iti
£

A.A.MeshcheryakoV, V.I.Pinakov, v.N.,Rychkov, M.E.Topchian éj«x “ /1;;2;

Lavrentyev Institute of Hydrodynamics 7 Yy

Siberian Division of the USSR Academy of Sciences, nder . -
Novosibirsk, USSR ler which the friction for '

; ce 3 .
l exceeds the sum of axi of the wedges against the

piston. If we d al components of force tube

are the f esignate 1, 'ﬁﬁd r % mt c€s produced by

riction angles), 17 {2 =gy (whereo(, and

the
the following condition: wedging piston will operate un

pevices of adiabatic compression with a free piston are
1y used when obtaining high gas pressures. in this case the p
lem of gas pressure retention gt the end of & compression cire
difficult to be solved /1/. An insertion of the system of wed Np< ol 4oy -«
furnished with an antifriction cover in the piston construction B 2
allows us to obtain and to retain the pressure more than 200
2,44 Schematic drawing -of the piston js presented in Fig.?
It consists of a plunger 1, rings 2 and wedges with elastic
ments &, The piston in tube 5 18 accelerated by gas from a I
ver (balloon) 6 after cutting & washer 7. The middle part of
pisfon consists of truncated cones 9 having an apical half-2
ol . The wedges 3 are bushes gectioned to four parts, the 1
gurface of which 18 furnished with antifriction cover 8, 1
acceleration stage the inertion forces shift the wedges bac
and the elastic elements press thém to the plunger providin
feby the clearance petween wedges and the tube walls.

In the deceleration stage the wedges shift forward and
the contact with the tube. The friction force acting on the

_ ges on the part of the tube prevents<’the forming . of high
tact pressures which could result in demage of the wedge &N
surface at their mutual motion, :

After the piston has stopped, this force changes the
tion, and due to a considerable difference in friction coe:
‘ts 1t appears to be more than the friction force between 1
ger and the wedges. Therefore at the backward movement of
ton the wedges remain jmmovable. The piston becomes wedged

After the pressure has decreased, the plunger is pres
forward. The piston pecomes free, and it is possible to'r

The ‘avera
o ge radial stres
‘ ses 1
;th the tube have the form "’ theAcontact zone of the wed

O =~ R
z 2
. 2h ‘5/’ A

It is seen t ’

: ! that with a

tis n increase i

possible to reduce the value n the wedging zone length

tha
n those of gas pressure. of 3, down to the values

e dependence
8 obtained {1 L
nental equi n /2/ were used
quipment. The first ugit was testa; creation of the
\ ed under the

ures:-up t
p to 800 MPa, In the experim
pressure of 0.4 MPa e o

spike

was compr essed at
The tempelat\ne of gas reached 2.100K

ack shift of the piS ton 1 ela tiVely Wedges the pressure de
dOW‘H to l&O() MPa
‘ Pa,

The st
tn the tube was als ationary average pressure
n one of the ex © equal approximately to 400 of the
s and on the 1§::iments the spike pressure was mMPa.
r tube surface the wedges left :Pe than
! heir marks

tity of which
. This unit was Zzzdi:dicative of the uniform stress di
8 due to heated gas Oottest.the meterial erosion endu stri-
nd:-nitrogen compre:Sfiowlng through the profiled Jzznce
to 1.2 MPa were used © by the initial pressure ran e:.
n diameter and the i in the second unit having the gi
_part the tube had initial tube volume of 3,390 cm> piston
it back in the start position. k'thfough a  had a chamber from which coépre cm”. In
The main advgntage of such & construction is a possi In Fig.? .nozzle. The pressures up to 210 MiSed gas
of excluding the reverse valves which work under extremel mperat;rPP;GSented are the oscillograms of o vere
conditions and require the change in each 2-% cycles of 0 : i in this chamber. The maxi ° oF pressures 7
For the piston operating really at a gas compression mum value of P =
200 MPa the contact pressure does not exce=d 3,2 Mpa in ¥

8¢

and T = 1,07 R
«070 K. The swe
R4 eping ti .
unit was a g time is 1 ms
it under thls? used to investigate the pro per dlviston,
he initial pressure up to ?On'Mpperﬁies of gas
- A a, The measure-




— 777777 TT 7L

s of total enthalpy « .4 heat losses wer
low through e conical nozzle,
tent of the flow velocity was re

e fulfilled for gas
With this #im a direct measu-

are shown in Fig.3, The
ing the heat losses is de-

m-the chamber to the mo-
t of the velocity measurements, This duration was 4,6 ws for

e 1,>16 ms and 108 ms for curves 2 and 3, respectively, A
~-term (more than 10 years) performance of the units with a

bif-wedging piston had demonstrated its good reliability and
gh exploitation qualities,

jaracter of disposition of curves show
rmined by duration of gas outflow fro
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CONCERNING PRESS DYNAMICS WHEN INSTANTANEOUS FAILURE
OF SEALING BURR IN HIGH PRESSURE UNIT TAKES PLACE

_ G.8.Bobroviiichy

All-Union Scientific-Research and Planning-Design Institute
of Metallurgical Machine Building, Moscow, USSR

When designing presses with a composed frame, prestressed by
B high-tensile strip, for high~pressure material processing it is
888ry to create such a preliminary tightening that no-opening
rame joints could be ensured not only when loading, but also
ng the ﬁrocesses connected with the instantanecus fajilure of
ial sealing burr in the high-pressure unit. .

To determine the required tightening, i.e. preliminary comp~
ive strain of frame pillars in the conditions of instantane-
partial unloading, two steps of movement in the press should
aken into consideration: first, the motion of movable masses
the moment of unloading before collision, and second, fur-
Join motion of masses after collision.

In this case the following assumptions should be made: the
5'1s considered to be a two-mass deformed system, consisting
wo concentrated absolutely rigid masses connected to one ano-
by springs of corresponding rigidity; the low part of the

§ 1s firmly connected with a foundation; modulus of elastici-
6r‘liquids over a period a partial decreasing'of pressure is
idered to be a constant; masses come {hto collision on a thir
tic packing, a thickness change of which in the course of col-
on is not important. A partial mass of pillars and a prestres-

the dewices

uring the movement
ng

th

high-tensile strip are regarded to a motionless mass,

on of masses before collision

3. ‘Phe inerease in enthalpy losses d

esign scheme of the first step of motion is shown in Fig.1.
fon of masses before collisjon is indicated in design scheme,

-

&
) c ;
33 3 E 8

Big

downward motion of mass my is considered to be a positiwe mo-
, and the upward motion of mass w5 18 considered to be a nega-

. . i
The equations for mass motions before collision according tc .
indicated design scheme will be:

mX, = Ph—cp-x1 ] (1)
oy = PyrCeXy (2)
by - mass of the upper assembly of the press: cross-bar
a1
P




plates, & half of a high-pressure unit,one third of the mass o etermined from the equation of quantity of motj
two pillars and & prestressed high-tensile strip; ny - mass of p i on,

movable assembly: plunger, cross-piece, plates, & half of a hi 2Ky - mp-Xoy = (my + mp) Xg t7)

-pressure unit; Py - nominal force of a press; C_ - transforme R .
rigidity of pillars and a prestressed high-tensile strip; -Q - m1'x1 —mZ-X‘2
' : E_*F_'L T my +m . (8)
Cp - CS+Cm - e ES-FS. m Motion of j . 2 .
o .
m m‘ts n masses m,+m, after collision is determined by

<

_ uations :
where Em, E's ~ moduli of elasticity of pil_lar's materials and
prestressed high-tensile strip; Fm. Fg - qross-sections of pil
and a prestressed high-tensile strip; Lm, L, - length of pill
and a prestressed high-tensile strip;

(m,4m,) X_ = - . '
(m, +m, s (Cp*cf)xg -Cp x1y+cfoy (9)

Solx}ton of this equation under initial conditions t=0:
03 xi =¥y (8) hgs a form: ,

E.*F
Ce = . 3 X_ = ACoSG)_ +£4BSinwt-A ’
he = z 3 . (10)
where Ef—modulus of elasticity of liquid depending on the amoul XE = -A S,Oz-Sin wztﬂ»BwCosw t ’ (11
of pressure; F_ - area of plungerj he = 1iquid column height i . . . R £ . )
hydraulic cylinder transformed to the atmospheric pressure; C 'X1 'Cr'xz v .
: o-B Y L2y N : C_+C
Solution of equations (1) and (2), considering initial cp - ¢, ; B = o, Pl .\I p f,
m, + m
- 1 2

ditions t=0;X,=X;=0; X,=k,=0, has a form:
#‘mation and loads in pillars

P
. h .
X, m = == (1 - Cos w,t) G :
] 4 Residual derf u
- 1 deformation of the pillar und
P 3 kv foren 1o nder loading of the press
: h . G
X4 _._c_w1 Sinwyt s b
xP . -8 s
P 1 E
Py t G : h
- - - w -
X2 (1-Cos ) ) s compressive strain in pillars under s working loadin
. £.

Ce
_Compressive deformati
s tion of pillars at the moment of collision
1t X,'y.

Joint does not open, if x113>xmax
<

. Ph w .
f
] Circular frequencies of mass oscillations

:Deformation in a low position of masses after collision

T o}
f
) ,\]__R_ ; w, =\ = H p
4 m, 2 =V m, ' Xp = X9+ Xy ¢ xn;iin

h
en, the compressive strain in pillars in a low position of

Motion of masses éfter collision
dafter collision will be:

Design scheme of join motion of masses after collislon ) "
shown in Fig.2. The downward motion of masses 1is considered G’H_ =(;’° 3
e : 5
a pesitive motion. N ’ R
Initial speed of join motion of masses after collision 5 ~— compressive strain in @ .
LVE DG n a pillar with a selectsd ¢
: 2lecte coeffi.

o 93
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725-{0e
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3 ;’m»
S mz S ngo
e/ o )| Q2 we03mm
% 3. Pillar defc

of t ormation and ~
nd2 i‘ergfgrs‘giwit;l a force g?ezgggésﬁge in the main cylin-
| 25 mm res Ng in the courss of st e ‘
'se of’stroﬁgc:ixsiy; 3 and 4 - calcaigiegqual fo 2 gm
: T equs to 42 mm and 23 mm, re ;alﬁis in the
- ? spectively.

Fig.1. Design scheme of the press in the course of motion o
movable masses from the moment of the beginning of unloadin
. to collisiom? o <
.1-1 and 2-2 - position of the centre of gravity gf m
masses,respectively, in the case of working loading oI
press, reference point; 3-3 - 1ine of the mass collisionj

and X2 - path, covered by my and m, masses, respective

X4
be%ore the’ moment of collision.

\
-

' 4 ? 1 7 ») s E B
g = L a— - 1 ca-~
b ti htenir X P llar defor mation in the a
ime ec 2 Y ]
perimental check of the Proposed technique was arried 1t
CE 1 1t

a. » presses with a fo -

Sopehe| s Ple.3 shows recepdr e b L0000 kN

TR S n corcings of pillar def

ot A o : _hydraulic cylinder with ormations and the pressu-

various strokes of plunger

+
lons for deformations of Data of

s

Cye Kay
I

Fig.2. Design scheme of the press in the course of Jjoin
of movable masses after collision:
1-1..,.6-6 - position of the centre of gravity of the o,

respectively, at the moment of collision (Xg =0), after
sion, in the case of unloading pillars, under working 1t
of the press (ecompressive strain of pillars Xg ), in the
of tightening of the frame {compressive strain of pilla

after collision .
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kel
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SCIENTIFIC AND TECHNOLOGICAL PRINCIPLES OF MAKING

nCcOLD CONTINUOUS—OPERATING POINT PRESSURE SENSORS The traditional syntheu*s thr‘
1 ough "pelth tu ]
: rred to be onl
: y

A.S. Skoropano§1,.B.L. Velevski} V.F. Skums‘, A.A. Vecher1,

full for s
ome (SS~-PI-
. I'and it has essential
Yu.5. Maslenko al lacks. The reacti
on

h' gas tran
: ransfer in scme
compared to cases provides mat
previo erials
us technique, electrobaric chawith improved,
racteristics

ent nsti 0 wever i i - p
I » ime-con i
t t s t suming complicated and extremel seldom
1 opm 14 Yy

of the Byelorussien State University, Minsk, USSR
2Institute for Superhard Materials of the UKrSSR Academy ©
gciences, Kiev, USSR

d in production,

We have dev
eloped CSS-P .
pressed powder -PI production method
eving certain zomp°nent mixtures /3/, It bmbiflinear heating
emperature ¢ plies that u
em 1s meltin » the most fusi pon
g first thi ble element i
t of chemic » thus appearance n the
> . al interacti of liquid impell
y 90-250 K th on of components pelis the
: e pro . . With ¢
e'Ved'temPEr'atur:s ;ess is completed, The holdinemperature ri-
nizat or 5 to 15 h resu g of alloys at
ton. ' 1ts in complete alloy h
Q=

The increase of the reaction-Vqumesof high-pressure cham
and automatization of manufacturing suggests setting of press
gensors for each sinter in high pressure technological
The industry puts forward the following requirements to press
sensors:d small size, production and application effectiveness

multipurpose desigh, unnecessary addition® electric 1ead=in
for the high—pressure chamber, ease access and low cost. One.
the sensor should embrace rather & wide rahge of steady test
ssures} wCcold" continuous—operating preSsure 3ensors, :
chalcogenides, meet all these requirements /1]« A chalcogeni
gensor substance {css) is the central element of & pressure
cator (PI).

wnen designing pressure indicators, the problems,hdﬁéé?
synthesis (connected with development of the optimal me thod
making chalcogenides powders), material science (modificatl
materials for changing of electrobaric signal to required o8
and high intensity in the phase conversion region), mathemq
(to choose the required composition.of material with necess
form of signal, intensity and phase conversion rate), desig
1ving the same problems, as nathematics, but by efficient &

;
We have tried-out the high pressure teCh“ique to enhance s
in’

The applica
tion of th
romote of CSS e pressure abo R .
-P . ve 1,4«
ic pr I production without d 2 G?a is found
¢ properties /4/. eteriarating tneir el
T . . eC-

:ysis of literature sou ‘

s ter rces allows to make ¢ 1

7 dsn:;iZS:;PI by synthesis of ch::zi::i:: .

’ith s e perhigh pressure or static .

ficatfon of €SS-PI tecren ’ o

= onelectrobaric properties is based

ot oot SOIUtioa base of binary CSS-PI, form: " .

it curns, three-comppnent CSS-PI /5 25 voto

re ot 3 con tzet:ey be alloyed for as it i; tnNOte

?Hof Ragiivaied e sharp changes in the elect .

i oparied und r high pressure influence /7/ rO?ic

: hateouontdns comresistance also owes to the c;

7 A~ thzo;?iiuwith defective structur:pjg;

/9/ electrobaric properties :Zr:ffZ::dcii‘Pi oy el |
change.

ment of one O several pressure i{ndicators in a reaction Ve
and metrology (connected with introduction of making mater]
high pressure practical scale as reference substances),
ved., From J1,2/ it 1a followed, that compounds of A Ig
AIVBVI - type &as well as solid solutions on their basis &b
most promising for CSS~-P1 makinge.

Developing tpe optimal css~-p1 making methods we have
ed the potentialities of the following dﬂes:‘traditionai

e‘have dwelt upon main
: : methods in producin '
i kno:eﬁeiz;:zical resistance Jump.gH:::v::difica~
T e pressure throughodt the enti. i

- éase’ o ;a;k o continuously measure a i g
’ ed (sensors) material shouiz :t .ot
ave at

wnelt"), through the gas phase transfer, bY sintering P
ponents powder mixtures and using superhigh pressure tel
it is peculiar of CSS-PIL, melting at rather high temper

ps on R = (P
(P) curve or possess the same pre
they are formed of fusible components, some of which: po ssure

of electrical

2 resistance as b

section, and ismuth does (st

b toe Sign;1 i step again). The CSS~PI with aeP. then

.96 ay be implemented by produci n electro-
97 ng mixture of

T yapour pressure.
3
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. 1
nals. The idea ©
dual CSS-PI, paving <[ - and \.- sbapedi:iga L. e ok
e indicator® may be realized by choos Y‘gr o r o eierl
B terized by similar character chang e
o Charaiposition of a particular mixture ii ma
al. The coO B .
- upon analytical description of bas
chosen

_rate report. |
jals With Exper
s On Working Up-of Mineral Raw Mater
Design Bureau

.
mental rodu t y © ciences (Baku) to
duction of he Azerb.SSR Academ £5 :

P
oduce experimental CSS—PI batches.
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AUTOMATIC PRESS FOR SHEET-METAL EXPLOSIVE STAMPING ¢
V.K.Borisevitch, V.I.Isaenko
Kharkov Aviation Institute, Kharkov, USSR
in sepaw
ical aspecte of the problem are presented 1
Metrologic -

At present sheet-metal explosive stamping is- performed meinly
basins.

The creation of such equipment requires the minimum ca-
tal expenses and its applitation in experimental and small-
oduction gives high economic effect,

‘ echnical and
a base has been arranged at special T
Nowadays,

scale
However with narts output
'owing the low basin cost does not compensate high labourious ope-

tions‘because of low mechanization degree and high time expenses,
. basin stamping it 1s di{fficult to design the universal device

T die Hssembling—disassembling and blank sealing as it will be
ibjected to shock waves direct action as its di
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Last time therefore the stamps for sheet-metal explosive

roing in closed volume have been designed and developedlin many

itries /1, 2, 3/, Such stamps combine explosive stamping ad-
ages with high productivity. '

In order to realize sheet-metal explosive stamping into lar-

ale production the hniversal_stamp has been designed (Fig.1*)

akes poébible to perform the following techriological bpera-
delivery, forming and calibration of the parts from the tu-

r blanks; extrusion - drawing of the parts from the flat blanks
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fastened by four columns. The explosive chamber has iner-
wer locking. Contrary to the rigid locking when all the ex-

unds Hg.Ga [iTea, Hg3 ’ nergy of high explosive is used to elastic deformation of
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rried. researches /3/ show that as explosive chamber mass
¢ orders higher than blank mass;the blank is stamped out at
splacement of the chamber and its motion does not influ-

ely the process of high explosive charge transmission.
ure 1s given at the end of the book
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Th? ioading on the stary irame decreases significantly as
the pressure generated by the gas cavity in the chamber decrea
1t is due to the fact that because of the chamber displacemenﬁ
tluid draining from-it the chamber volume increases and the fl
content decreases. Since the loading from the explosive chambg ) IDAMOHOHMY BapKEm
transfers to the stamp frame through the shock absorber, the Joad K E.ﬁ?ﬁ
ding amplitude decreases at the same pulse value and its durai
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The internal surface of the stamp chamber has the form-of STANIIOB IaBieHiey: O mpeccon//}
. R e s B S

rabola /4,5/. HOBNe Ba . . Bum.8.0.130-
The stamp is equipped with a movable table, where mechani xﬁoﬂHQchognggﬂeHCTBng ADY nonpume 3 .
die is arranged, The stamp is surrounded by a protective devl KaHHPHngﬁHg?gOHOBepxyoCTBm/gpﬁHﬁCEgB B Kam
» U, 0 LR ITY diete
preventing detonation products getting into the shop place' 8@ . CO.Haqu DOHOB/ /Yy JIbCHaA oG,ggg%Rg.

+CT. XapeKOB, 1
providing for permissible noise level, 62. Bum,

increases,
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K.Fopnce-

M
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Stamp technical data

Overall dimensions, m ~ 2.2x5.9x4.7
Maximum charge weight, kg - 0.15
Operation table dimensions, m - 1.4x1.9
Maximum die dimensibns, m - 1.4x1.9x0.8
Maximum clamping force of the

blank flange, kN - 3000

Fluid pressure in explosive

chamber, MPa - 200

Stamp electric drive power, kW =15
Technological cycle duration, min - 1
Maintenance personnel,'pers : -1

Stamp occupied area, o =72

Stamp weight, t - 25

Standard parts are given in Figs.2, 3*

Such labourious operations as die assembly/disassembl
explosive charge positioning, die £11ling with transmitti
um and its removal,-die travelling into and from the oper
ne have been made automatic. The stamp is supplied with &
block’devices, providing for the safety ofVOperations.
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THE DC-200 DIAPHRAGM-TYPE GAS COMPRESSOR FOR 200 MPa

Jan Siedlaczek

High Pressure Researc
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Introduction

rity gases can be compressed without any con
type gas compressor. This i

hragm-type compressor from t

The high pu
mination by the DC-200 diaphragm-—
basis feature distinguishing diap
piston~type one, where
with lubricants takes place.
pressed high purity gases in the phy
well as in the industry, e.g.: wherever

manufactured.

There is a great demand for t
sical and chemical labs

the high purity gases

Application
Helium up to 20

phragm gas compressor using supply
-15 MPa. Below 10 MPa the output p
supply preséure; Other neutral gases as nitrogen,
can also be processed. In this case the compressed efficient
doubled in comparison to helium. The special design o
lows for the hydrogen and -the

0 PMa may be compressed with the DC~200 @
pressure within the range
ressure is proportional t
argonium

—
[ d
©

PRESSURE [ MPal

-
=4
(=]

nearly
diaphragm-type gas compressor al
e worked.

o
(=]

aggressive gases to b

o
o

'DISCHARGE

Action

Diaphragm moved by
decrease within the lens-
ssure is generated by the pis

the pressurized 0il causes the g&8
shaped working chamber (see Figsl)
ton-type pump controll
ycles. The contact between th
metallic and the lubricated par
the gas does not

~
(=3

»
(=3

oil pre
gas suction and compression ¢
the non-
ing compression

ked gas and the oil, 0

copletely eliminated. bur

jts chemical and mechanical purity.

Test data

Gas : Nitrogen

remperature 3 20 o¢ (68 °F)

Pump speed 150 strokés per minute
0il s Hydrol 10

Technical date

Maximum output press
(for input pressure

ure 200 MPa
10-15 MPa)
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Fi§51. Working chamber:
3 gas suction, b) gas compression
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V sion stage of specl

L
i

t .
%?g?cingut pressure 15 MPa)

Strokes per minute

Power supply
(3x380 V, 50 Hz)

Weight

Dimensions
(L xwxXx h)

Additional informations

when the diaphragm-type g2
: al design is 8
etc. up
ity of the 5
sed.
as well) to be u
offer our help in various
The technical dat
ur particular‘requiv

as helium, nitrogen,largonium,
sed, eliminating the necess

pressor (made by Unipress,

as to
erience enables
et problems.

be adapted to YO

rement &nd investigatgon
ruments can —on reguest-

nts.

'3 Nm3/h
150

1.5 kW
175 kg

850x400x700 mm

s compressor to. the 2nd compr:‘
ttached, the neutral gases Bl
to 1.5 GPa can be CON
tandard GCA piston~ty]
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EFFECT OF DIFFERENT GAS MZDIA ON THE CPEPATICE (¥ THE CONTROLX
LED CLEARANCE PISTON GAUGE UP TO 5 MP=

J.K.N.8harma, K.K.Jain, 4.K.Bandyopadhyay
‘National Physical Labordtory, New Delhi-II00I2, Indin

roduction

In a controlled clearance piston gauge, as long as the piston
tloating, the pressure at. the refereuce level of the ga:ge la
tant and can be expressed as /I/

¥g (I - Py /P +VC e+,

= | (x
AT+ p) [T (ap 4t )) (r )] [T+a(p, - 7]

yubols used here sre the same as mentioned in‘reference /1/.
Py and P, are obtained from the measuremens of the fall rate
/it}) which are related by /I/

)

(@s/a6)? = &'(7y - B L@

,x'is a constant which is slightly different from K 58 men-
d in BEq.(4) of reference /2/ hers K'is associated with kine-
viscosity of the working fluid used in the pneumatic preg-
rgsion. . ' .
In the pneumatic pressure region as thers is no surfacq ten-
effect, the contribution of the term V¢ in Eq.(I) is neglec-
computing the pressure, Apart from the different parameters such
Pair/Byds [T+ (2 + & )] and ¢ T+ b.P) which contri- ,
Bome -finite value of uncertainty in the' pressure generated by
lston gauge, the céntributions in the overall uncertainty are
mainly from the area of the piston‘(Ao), the elastic dis-
of the cylinder (d) and the stall Jacket pressure (Pz).
ertainty in the measursment of A, and 4, can be improved by
ing & series of diametrical measgurements supplemented by the
ment of the roundness and straightness of both the COMpOw~ .-
Bimilarly, the uncertainty in P; value can be improved to a -
xtent by studying the fall-rate during 1ts‘characterisatian,
ready been established by Sharma et al./2/.
he past, nitrogen was used as the working fluid in the
preéssure region, But very little work has been reported
how the use of different fluids with different molecular.
- and viscosities would affect the overall uncertainty in
ure generated by the piston gauge. The authors in this
¢ made a systematic study of the fall rates up to 5 MPa
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in a controllad rlearance piston gauge wsing different working i : be 25,
ids such as argon, nitrogen, helium and hydrogen in order to se

their effect on the oversll uncertainty in the pressure generatel
by the gauge and the effect of ambient temperature from 29T - 30

K has also been studied.

26, 27 ahd 28

ppm whereas

th . . at the

y D6 uncertainty increases to 3I, 33 lowest pressure of I.T
! ’

and .
= H, respectively. As stated above 35 and 37 ppu for Ar, N
a1l uncertainty i » &n lmprovement

d with hette:yac: Py can be achieved if the value of in che ov-
the ongagement 1 uracy. The value of d is indirectl 1s obte-
Wy the slope ength, therefore, it would be a v dependont

Pe of the fall rate curve which is 4 ?fropri&te v
efined a
w=C (Vip,) /3 8
in' the u : x
: bresent caes this is reduced tv ) i
o

Cl

A controlled clearance piston gaugse menufactured by M/S H
wood Engineering Inc., UsSA (Model DWT 1000 N), was used during
these measurements, For these studlies, an arrangement to roteb
she piston at & prefixed uniform speed was made and also an ad
+ional Bourdon gsuge (I6'* dial size) to measure P within an
curacy of & 0,05 MPa was provided. Further, in order to minimi
the volume of the £luid, beneath the piston a fine needle valy
had been used in the measured pressure line. Fall-rates were o
gured using a linpear voltage displacement transducer (LVDT) wi
digital read out (Modelt Schaevitz pre—451I) having & resolutid
4+ 0.0I om and a sensitivity better than I mV/V. The temperabtul
the piston and cylindér was measured through a PRT with an-acl
cy better than i 0.0T K. The purity of the gases 88 per the
facturer is better thun 99.999%.

- o1l/3 .
V' LY = m (Ryv"1/3
2 8 kinematic viscosi )
. : 8ity and d -
ty and L is the efined as viscosit
1) it was assumeznggjzmzﬁt length. In the deductioz/zzlgzuigf
. e @ *
ant, ‘and hence G ngagement length (L)
in Eq.(4) and ¢ are
independent ‘  may also be a constant
Vi rion B 3O:ht:ecxlneasgred pressure or gas mediaq::nzity
G tor gaces Wh: i changes with pressure and is'enzi. It
6% the o which indicates that the assumption of ey
. O
Théreforengzizzzn: length in deriving Eq.(3) may nott:e e
: ' 8 a high probability that d, the co ;chv
] Ll

i escrib £ .
The fall rate curves for all the working fluids such' & BSﬁreizii he dlﬁ?ortion of the cylinder, is al
ure.which has again been observed ea X 8180 varying

F.. He and H, were taken at 296 K and 58 rpm by increasing

12 stepss whach are arbitrarily fixed st 1,10, 5.09 and 5.0 essure medium /2/, , irlier in the hydro-
and similarly by decreasing the pressure in steps which e |
ab 4.09 and 2.09 MPa. At least three messurements were na
jacket pressure value in order to determine the reproduéi
An improvemanx in the reproducibility of the fall rate 1

by using pelium snd nydrogen as compared %o thet of argd

Resulits snd discugsion

A S g

that the worki i

o ing fluid havi ’ This

8ferred ov . ng a higher kinemati

B czz zhe others having comparatively lo: Z;

it f.se of hydrogen as a working fluid i nems-

o ¢ Tirst, one has to use all the ti 8 rest-
me

trogen. lue of P. to obtain - compara-

The typical fall rate curves for He sre shown in
" gre the typlical representation of the aversge of th
s at each pressure value. The fall rate curve

& reasonable fall rate for any
. On d’ from the S&faby poinb of Vlew, whereas in

‘ <
overall uncerta Ln,by of the me 8
asurad

H, are not shown here but are consistent /4/ with the
He @s repreeented in Fig.l. The value of Pg for all
media increases 1inearly with the applied pre?sg?g: 15 dttrarent pe »
2. At & particular pressure (PNQ, a large variation als bf oy ar thormal oxpansion soufei.
jues of Ar is obtained when compared to the Py n and cylinder, the " coetrt

k may cause a ch

. k e

or He, howeveT, pot much difference is found when - Phen bang coace ox svcrnss i 5y
‘ ! eby increase or decrease the P

‘affect the overall uncertainty in the m .
e 8~

] {t]ake) ed by
B G the by
: act that the comput:ed

gen. It : v ’
is inert and now easily available
9

+ -
Bllum &8 a WOIklng fluid. in the e tic pres
nperabion of the piSton gauges is suggeabed

there-

the value of Noe ]
At the full scale pressure of 4.02 MPay UnCH
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SHOCK WAVE CHEMTSTPY

A.N.Dremin

=

N

(=
!

SSR
hock wave Chemistry,
aspects investigstion

B
& new scientific trend, deals with che-
8 of substance state under the new type

ve affect is not g more imposition of
r6 and temperature actions, Characteristic features of the

_4re the tremendous rates of substance loeding and subsequ-
loading. The affects result. i

un state. The state life time
[ those phenomens which are p
For instance, in the case o

n substance strongly non-equiw-
is governsd by relaxation pro-
, ~ . —e— ARGON
kot .Y \ —o— NITROGEN

‘ —4— HELIUM
0 : —A— HYDROBEN

C'IN ARBITRARY UNITS
3
i

of internal degreesg of freedanm,
strongly in excitation times, all kinetic part of the

nergy. is at £irst absorbed by the translational degrees of

inside shock wave front, Then, the energy is redistributed
. L 1 ] ibrational degrses of freedom, Obviously, the non-equili-
2i1 31 41 ate time is not longer than the
PRESSURE, MPa—

5 £ ressure O rogen
F » C BS" funcblon or p for argon, nit O
18e e a

aﬂd hydroge,n-

01 11

freedom (1010 - 10—98).
_order of magnitude is the relaxaticn time of liguid sub-
yylarization caused by dipolar molecules mechanical turp
) sh nuity zone affect, In polymers the zone

8eparate groups .of Polymer molecule atoms,
€laxation period,

: om 29I-302
inty value at different temperatures fr
uncertain

In such g
re value /4
t full scale pressu v
- I ppm even &
ways within

may last as long as
are concerned, their life time is

on the contrary,
A8 far as "hot spots"

by thermal relaxation

Blee, The hot spois 3 - )
' 1ch, B.E. Experimental TB' . hot spots in solids appear qurt
: Welch, B.%. .Vodar
T e 1 Likida by Bole Netndre and B.Voder,
ics Ol .
?tndsn. 1975. 147-202’ Pean V.Eo’ wel
N Jain, KamleSh.K.’ it ’+emperatur
Sharma, J'Kﬁ 3, Effects of v1scos; yé ;ontrolled
and Lazog. Bn.ﬁressure generated %4 co 563—56
Ot Geugo, Rev. Sci. Instrum, 1984, 53,
piston »

i, R., A General use

Maghenzeni, R., ts up

Moliner, G'F%ﬁsa?%r g%s pressure meisuregg? C.Mp‘
ggu%epigggﬁie in Research %nd Industry,

Ei%, Uppsala, 1982, 768-?7 . pandyopadhyay;
Sharma, J.K.N., Jain, ﬁ'h;,cﬁiirolled clearanggog
' :
pitasbo pelsiiomench by & contiollen puniontis

using

-References

of an imperfect subst
b6 hot spots can originate when a gh
tive density fluctuations,

ance structure, In

ock wave front passes
It transforms the fluctua-

24

1ly low Probability
The hot spots in per-
due to the affect of
thy defects of solid
The lengthy defects appear in
ansition from one~dimensional to
The transition takes place if the wave intep-
than the dynamic elastie limit of solid under inve

ittle raterialg the tr
T

Um state behind the wave front,
88ibly in liquids too) appear
€5 In shock front, Point and leng
under the affect,
front due to the tr
ston,

ansition results in their
1o




grinding into fragments and in the fragments relativa :i:pgc_
Some 1liquid melted layers of subshance appear‘batviweenis o
ments in the process of displacement. Their lifet r;e s e
termined by the thermal "relaxation regularities an pr o att
small, Neverthelees, the layers obviously govern the &p "
ngth of brittle solids and promote golid-phase ahoc); :e:or
The defects created in solid by shock affect can e;; Blower -~
long time if polid substance residual temperature‘ds ubstan“
its recrystallization’ temperature. Therefore, 80lid 8 1
. gtment by shocks of proper intensity cen increasé 17
reaCt;;tz}ys.wave chemistry as the new scientific trend is sti
‘its ini'ant stage although it ‘negm:1 mor: bt;tax;hlzo é::iz ?;:;1:
investigations have shown : /
:zz:.ziif:;Zmical reactions (or chemical and phys?al:;z:;;efz:
change) in liquid and so0lid substances, polymorpct: i ;
ons, production of alloys of Btrozgtz—iziieiizgstisited em,i
e number of substances Ia ;
::;auit]:;ive been obtained (gee’ early reviews f;i/ z:’:c; i:i;
Ju=-8/ which.contain new aata). The synthesis 0 niam e
mond-like boron nitride mod.i.ficat:i.;:;x;:aa:,L rst:;:x;gt;:i onngin e
ing of powders or :
;io::t:t:’seiz::: I:Lntering at static conditions have. now brog

ic festure. The displacemenf promotes peculiar diffusion of at~
and molecules and thereby increases suhstance change. It also
ults in the new modification nuclei sticking together and ori-
of particles of larger size than that of the critical one at
idual temperatures. A tremendous rate of material cocling {310
es/s) in relief waves is the other éhock wave affecf feature,
feature promotes freezing of the products originated in the
jck-compressed state. So, if substances suffer chemical or poly-
phic transformations in the shock-compressed state, it is poss-

16 to obtain transformation products which are metastable at am—
t conditions.

\

At present it is known that not all chemical reactions occur
ng the shock wave action. Mofeover, it should be ment:ioned
& majority of investigations on the shock wave chemistry were
~on samples not during shock wave paésing through the samples
on samples recovered after the shock wave. affect. In this case
5 even unknown when the discovered transformations of substan-
ecurreds whether it took place in the shock wave front or in
relief wave or during some later time, Only recently, visible
rese has been achieved in the problem. We have developed a te- -
ue of continuous (in time intervel of 1077 - IOzs) observati-
ot substance state at the shock wave action of some microsec— '
§: quration /9/. For example, this technique showed that & reac=
for synthesizing Sn monosulfide from elements starts after

hockIwave affect of I6& GPa in ~ 10'35 and is completed after
1078,

prac#;::lr:zs:;zation of the fact that the ahock\vt:aveoifi;:t
ally a new typé of action is the ge_neral con(.:lus:L;naction :

tion efforts. However, the detailed mechanism O un;
i;known. 1t has only been realized that a highly non—zil ik
state (chemical, physical, electiomagnet;:;ixa;;;:ri,f o

i atic compression at the very ’
zt:?iﬁj:n'r:z state, obviously, govermns unusual fast chemica

’;‘hua, the foregoing considerations lead to the conclusiont to
1 intrinsic nature of the shock wave affect on condensed me-

necessary to study the shock wave front -

non-equilibrium state in it practically
of the front action.

ret of all it is
ire and substance
16 very beginning

. £ ormation :
tion rates as well as polymorphic and phase trens ' been made in this -

v K
shock waves, Of course, & principal possibility of tgest :
reactions and transformations ab the shock—compressed 8L&

Some efforts have aj-
respect. The front structure is studied,
dcally by molecular dynamic methods., It is known that some

s have been made to use quantum-chemical.calcu.lations to re- '
seible ways of complex organic molecules distruction reac-
the shock wave affect (see /I10/eand references in it),'There‘

_experimental works devoted to the problem. Different Ra-

btroscopy techniques have just begun to be used for study-

al state in detonation and shock waves /I10,II/. At pre-
surements of shock and detonation fronts with time resolu-

0'93 ares possible by mesns of laser inﬁerferometry. Howev-

resolution power of experimental methods is still far from
113 C '

verned by thermodynamicss But as fazi::ct?:izuzzt;esF::tc"

by the action spe .
Zizyaizoiozapzzz:icity manifests itself by the fact tk;it !
affect of extremely narrow in time shoclfz i.?ror.n: (i: IZ g
nces from 107185 to ~ 10~%8) &t non--eqml:xbmumls.acriSi
mical particles oT new _modification (phase) nuclel e
siderable relative displacement of the shock—comprizs:ffé
particles in relief waves also represents shock wa g:

!




. ~I2
necessary level. In fach, one needs time resolution ~ IO st

observe non-equilibrium process in substance Just from the very
beginning of the shock compressicn. Inspite of scarcity of inf
mation »n the dotailed front structure and non—equj.librium pro
sses in it, one may cuggest, teking into account only current
ilsble data, the following. As far as the chemical reactions 8
A polymorphic transformations during the shock wave affect are ¢
cerned, their rates obviously &re governed not by temperaturs,
mainly by pressure. 1t follows from the fact the occurrence of
tive molecular particles or new modification nuclei of proper :
centration takes mein share of the total time of the processet gical fluid phase separation
dar statics. At thev compression in dynamic situation, on the

u-rn;:.NanURﬁ; AIGH-TEMPERAT(URE FHAST CHANGE
HEMICALLY REACTIVE MIXTURES o

F. H. Ree, D. I. C: '
: ee, D. I'. Calef, M. van Thiel, and D! C. Hamilton

Universit i
y of California, L.
» L.awrence Livermore Natj
ational Laborator
Yy

Livermore, California 94550 USA

Abstract

rary, it occurs inside of the shock front., Obviously, the sh es Tequired to achieve thermodynamiom Discussions are given on the r stes and
" front parsmeters - its intensity and gradient of stresses in
of the shock disconbtinuity zone — govern the mentioned conce interesting chan ,
tion. ~ ges that occur in nature i

rt .
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G, with res
pect to ¢ iti
P. Computation of the flujd- omposition at fixed

oty together with an im phase portion of G employs

proved one-fluid va
. . n der Waalg’ mj
Potentials with parameters from 2] aals’ mixture model,

are used to represent the

cand kineti .
¢ and kinetic behavior of shocked molecular nitrogen

[1 on hquld nitrogen HhOW a significant softenm of the EhOCk pressure
] iirog gnil g

he observed i
erved physical changes have been attributed to dissociati f
n . . Io

atomic species [6,7]. The N, - N, exp-6 parameter [2] . ‘;

s [2] use

o ow 30 GPa. We use the N,
A an szl.Just the N-N parameters to fit the
- One characteristic of the resulting (pfelimina.r v
Y

)
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- -0 p = 119 = 3 = rter repu'sive 1a

N-N e 6 parame g (r* = m. £k 20K, o 20) is a sho p
Xp ter: ( e | ter ‘ /
than that (7 ’— 0.4 llﬂ,) oi the I‘lg ~ Mg INET action. Namely, the shock COTPTressio; /
shock heatmg make the qu molectles energehca.lly favor dissociation. Calculated Bh'

[ ]'
emperatuies in 1ig. agree C osely wi € experimentat daia calcuiate: elie
T i 1 g 1 g

shock pa'th also agrees leasonab]). Efforts to “fine-tune the N-N Palilmetels (9

ig. 4 we compare th~ detonation velocity vs. py betweer, theory and experimant

We note that the experimental deta [4] changes *he slope above g, > 1.55M g/m?.
equilibrium graphite to diamond transformati_on predicts & similar break, but at
0.95Mg/m®, this suggests that the equilibrium conditions are not exactly obeyed.
mulate this nonequilibrium effect, we modify the standard heat of formation (1.90
ole} of diamond by changing it to a spread over 6.49 to 9.96 kJ/mole. We argue this
onable, since the short time scale of a detonation experiment can only produce small

pmg::st;stimate the vbarrier to dissociation [10], we construct two ffee ener'gy curvei *
hanical calculations, and another using the aforemen ; of formation should be larger than that of
for N-N, based on quantum met.: R the free energies due to the surrounding ulk diamond. In Fig. 4 our equilibrium results at p, < 0.954f g/m® give slightly
Na - Na potential. T,}le cOﬂtrlb“t‘m}: o roximation. The relative height of th ; ijdetonation velocities. The nonequlibrium results in Fig.‘ 4 are based on the ue: of
. medium is computed in t:hg hard-sp. e;e ap?]'brium concentrations predicted by » instead of p, of graphite‘, corresponding to the density of some carbyne

free energy minima -islafdju;.ted ;)00};-!:;& :::l:e‘ ;nergy vs. the N-N reaction coordinat s [13]. The resulting calculation in Fig. 4 improves agreement with experiment.

H i ot 1g. . :

:h::lie;::izs:::spthe flecfease of the barrier height with increasing pressure alon

. . T
rincipal Hugoniot. The dimensionless barrier height, AF* [k T, i3 9.3 at 20 GPIa (%)
:V and N, =99.98 mole %) and 1.4 at 85 GPa (T=1.24 ¢V and N; =56 mole

_Ar‘/k.r’w

bility and transformation rate of graphite and diamond clusters

he above analysis of detonation velocity indicated that carbon microclusters in deto-

roducts will occur in the graphitic phase within the (P,T) range where the diamond
is thermodyna.micaﬂy stable. To qualitatively explain this, consider a carbon clus-

the shape of a cube having n atoms along each
nterior atoms have tetrahedral coordination, whil
one dangling bonds, depending on whether the at
e. In the case of a graphite cluster,
s but consider the single and doub]
and C=GC bond strengths, one

estimate the time scale for dissociation from the rate constant, I; = ;;e o
ind 1.23 ns a
i f k! are 5000 ns at 20 GPa an
from Holian's work {11]. Values o ; oy
i the time scalé (order of 100 ns) o
former value is long compared to ) of the shock exp
i i i few in number, thermodynamic prop ‘
But, since dissociated gtomﬂ are e
issociated system. However, both tim
the same as those of the undissocia ‘ Foui w2
other at some shock pressures above 20 GPa. An apparent “shoulder” in the exp !

Hugoniot in Fig. 1 may be a manifestation of this rate effect.

side. If the cube is & diamond
e the surface atoms have three,
oms lie on the corner, edge, or
we neglect the weak van der Waals interplanar
e bonded carbon atoms. Using standard values

can calculate the energy difference between the
and graphite clusters. The calculations show that a graphite cluster with 1 less

4t 10 (or, 10° carbon atoms) is stable with respect to a diamond cluster, even if
onid phase is favorable in the limit of n - oo,

‘B, Fluid phase separation and its effect on detofmtio.n propertiet? . .
The phase i)ehavior of N; , CO;, and H;O mixtures, Whl.Cf ar; -}Jl e i
products of high explosives, is sensitive to the exp-6 paramete.r ;I (;)TC ()g . ; o
CO, interactions {2]. If we increase r* (N, -H,0) and reducfa r ( 2 - 3 e
from the Lorentz-Berthelot values [8], the mixed phase region is .shxftef to :}:\; -
the theoretical Chapman-Jouguet point of PBX—94Q4 may be S}Tlfted rom' v
pha:se to the mixed phases containing N, -rich and N, -poor fluids, I.lt;gom(:3 =
[2] which include this modification also give an excellfent agreemer.lt w1.t te;(pi nrt er
that such small changes in r;, lie well within the combined uncertainty in the ’

above conclusion is consistent with a static experiment of Hirano et a).
ey showed that diamond formation from glassy carbon requires an intermediate
e graphitic phase. We have estimated the rate constants by fitting their data
iple rate equations. This has allowed us to infe
nd diamond clusters at different. temperature,
ce of amorphous carbon and the time t,

[14] at o

r the time for the formation of
s. The time t, for 95 mole %

for 95 mole % conversion to diamond
n Table. The time scale required to

ation condition (3500 K to 4000 K)
Note'that the above result is app]

i onation products. .
pOteIIl:;I‘?g‘.)f; }::ed::e TNT al.: an example to illustrate ho/w c)'lemical re:;ctloxel’;
changes influence detonation properties of TNT {12]. The ﬁ\’ud-ph}a;se cDan; ¢
“two-phase (D+F) region and a three-phase (D+F, +N, ) region, w ex; d, ),1
are the diamond, single-phase fluid, nitrogen-rich and nltrogen—?oor .m it
tively. A still lower-pres‘sure (G+TF) ;egion is due to the.trénsformatlo‘n of 1

. ‘Phase to the graphite (G) phase. The C-J pqint, the ‘p.rmmpal. exparfr(l)r]:,j ’/
overdriven Hugoniot, and a porous Hugoniot with its initial' density p, = My

grow a significant amount of diamond
is much longer than the time scale of shock
icable strictly at 9 GPa, since the pressure
f the  activation free energy is neglected. Similar experiments‘at different

tovide a more reasonable estimate of the equilibration times relevant to

a high carbon content

of the CHEQ code for analyses of experimental data provides us s

vith a
ght into - the interaction of complex

shown in Fig. 3. molecules under bigh pressure and
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ature. . Application of our mode} shows that molecuiar nitrogen .dissociates under
ombined effects of high shock temperature and Pressure. A simple model to estj-

the energy barrier and the dissociation rate is used to interpret the experimental
he model also predicts that detonation prodicts can Phase separate and that car-

nicroclusters in detonation products occur in a graphitic phase rather than in the
odynamically more stable diamond phase. )
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£ ; .
lo:s during shock loading and also on unloading path, If
¢ ssi ) ' .
compression completely melts the substance and if the-

ding pa i ;
0.N. Breusov _ ‘ g path lies within the dynamic hysteresis zone and the
Institute of Chemical Physics, the USSR Academy of i state after unloading is within the st i
Sciences, USSR ’ e Wil static zone, the sub-

SUBSTANCE UNLOADING AFTER SHOCK COMPRESSION AND
P,T LIAGRAMS ,

remain amorphous.By a correct cholce of experimental

?ne can realize such a result for any substance,when
quilibrium phase line has a positive slope '

' ete
It is well known that many phase transformations have b rs,

accompanied by the hysteresis. Location of the hysteresis 1i ;
sccompented by e by e rameteraations depends on chem Yen 1f the metastable melting of the initial phase and it

: ete or partial transformation into the high pressure hé .
vallable, the unloading path within the hysteresis zoie ?:
he generating part of this phase a chance for a completegr;~

Ve H er, his will not ur res u empera
owev t Qo oce if id 1 te t
‘ " a )¢ ures

and phase purity, crystal structure perfection and experimen
“onditions, 1.c. the rate of P,T parameters change and macr
and microplastic flow intensity under shock compression. Par
change quickness is conductive to hysteresis zone broadenin
plastic flow - to its narrowing.In fact, one deals with the us, if th '
reme cases. Changes.-in the shapes of the shock adiabats, ca - ® oo P-68 RFe unloaded at the same pressure and
nF temperatures, their transformeation should be absent f
tial temperatures and its yield should increase with t >
¢ toa maximum value and then should decrease. The ex o
“results obtained‘in /6/ confirm this conclusioﬁ" e
ever, it is not the only way to produce a high préésure
n recovered samples. If the melting unloading bath passe
the high pressure phase stability field but intersects :
ggtable melting line in the field of ordinary phase stabl
he 0stwald's rule predicts that the metastable phase* ca f
tallized from the supercooled melting, This has been obn X
letonation of an mixture of an explosive substance dse-
material with variable compositions and by quenchin 82 .
oducts through adiabatic expansion./7/. 8 serer

by the phase transformations, are often different under the
" pressures, when the direct transformétions of the static ex
- ments are the same /3/. Many substances, especially those
namic yield strength ,exhibit hyéteresis zone broadening /4’
This paper discusses the behaviour of a substance which
transformed into a high pressure phase under shock compress
to the equal pressures but different temperatures (for exam
by shock compression with the aifferent initial temperaturé
The transformation cannot begin until the figurative point
substance findé the field outside the hysteresis zone 1ndep
ly on the transformation type - martensite or diffusional,
the shock adiabast will intersect the hysteresis line, which
responds to the direct transformation, the transformation

cur and run the faster the higher the shock compression ter attern under consideration becomes fundamentally compli
ure. If the metastable part of the melting curve of the'i Fhe fact that the shock compression is accompanied nﬁt i
phase is in the field of high pressure stability, the cur¥ ne §h°°k heat;ng but by the occurrence of essential tem~

determine the upper bound of possible low pressuré phase nhomogeneities, both because of shock wave pattern co
. 0f the recovery experiments and by the Origination,ofm_

s between crystal blocks, which result from the initial

ce. The condition for the occurrence of the metastable mell

will depend on its viscosity, that is on the mobility of
posite atoms and groups. In favorable cases a material ca szrzzzzie' However the last reason disappears at the mo-
mpletely crystallized into the high pressure phase still : e or metastable melting of total volume of sub-
the high dynamic pressure action. However, the kinks on

. er '
shock adiabats can be conditioned not only by the fast ¢ imental situation on the hysteresis in dynamical ph~

. s b .
zation, but also by the melting condensation owing to th - een discussed in /8/. The information of the ther-
change of only next coordination of atoms /4/. Y of the high pressure phase allows one to estimate
. n 3 . e
The phase composition of recovered samples, afler sh s of the reverse transformation lines,

pression, depends on their phase composition under maxin
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. VIBRATIONAL SPECTROSCOPY ¢F SHOCK~COMPRESSED FLUID N, AND 02*

« Schmidt, D, S, Moore, M. S. Shaw,

and J. D. Johnson
B Alamos National Laboratory

-pulse multiplex coherent anti-Stokes Raman scattering (CARS) was uped

the vibrational spectra of 1liquid N2

shock—compressed to several
tes and temperatures up to 41 GPa aﬁd 5200 K and 1iquid 02 shock-compressed
eral - pressures and tempe;atures up to 10 GPa and{lOOO K. For NZ’ the ex~
tal spectra were compared to synthetic Qpectra caiculatea

Adadurov G.A.,

ceptibllities, and Raman line widths. The question of .excited

ng - in the shock-compressed state is addressed.
R .

state
Breusov O-N'l

high-pressure, high-temperature behavior of ¥, and 0y has

Seve;al dynamic [1-7] and static [8~

16] experi-
steres -130, ve produced equation of state and thermodynamic data for NZ at pressures
1 graphite dense ar;dvkz‘iyva' 1986, N6' p-125 » : )
initia ka gorenija Pa and at elevated temperatures to beyond 10,000 K and for o at
mation. Fizl v el ) 2

Up-to 140 GPa and to temperatures beyond 10,000 XK. Thesge measurements

complemented by calculations which describe the thermodynamic étate of
'17118] or the fluid [19-23]. 4An increase in c&mpressibility along the

at pressures above 30 GPa has been attributed [18,19,23] to dissocia-

intramolecular stretching frequencies for solid-NZ [12,24,25] and

,26728] have been measured and calculated [29,30],using a

perturba-~
18 in conjunction with appropriately chosen intra- and intermolecular
nictions {22,23].

Vibrational frequencies have also been measured for

tal ‘and some excited-state transitions of fluid N, at pressures and

P t6-34 GPa and 4400 K [11,31]. Recently Monte Carlo techniques
de?>based on = sphericalized potential {33], have been used to cal~
brational ffequency at pressures and temperatures up  to 34 GP;
éspectively. There have, however, been no measurements or c?iculg;
| tndet the auspices of the Departwent of Enetgy.
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tions of G, vibrational frequencies in the dense-fluid state. Such resul

higher pressure/temperature data for N, would be of value both to charact raoh . ) : .
: r 4 photodiode array (Reticon Model RL5128) and a transient digitizer

the intramolecular potential functioms of these molecules and possibly to v R
mition Model 805) or a Princeto: Instruments OSMA Svstem.

directly the existence of dissociation. Measurements of ground— and exc Pres y
sures and temperatures, as given in Figs. 1 and 2 for the singly and

state vibrational—transition dintensities could also provide an upper

y shocked regions, were calculated using an- effective spherical potengia)

timate for dense—phase fluid-vibrational relaxation times 34,35]. i
es e e-p e [34,35] 3] ‘that . has been shown to reproduce accurately boi;h nonspherical 1 1
cal molecular

Reported here are coherent anti-Stokes Raman scattering (CARS) measure

nics simulations and experimental Hugouniot and brightness temperature data

for Ny and 0O, shock-compressed to 41 GPa and 10 GPa, respectively. The pres

Ny Takin, into
) g account the accuracy of the wmethod for Ny, and the

temperature states were achieved by dynamic compression techniques using a arity of
| ‘r ¥ of potentials for N, and 02 an effective spherical potential for 0
perimental apparatus described previously [36,37]. Briefly, a proje it a1 2
. rectly |7] to Hugoniot data [6] and was checked by its good fit to

launched by a two-stage light-gas gun dynamically compressed a liquid N ; ! )
. ected shock data [6]. In this work, doubly-shocked states are inferred from

sample that had been condeased in a cryogenic target assembly. The target

ance -matching of the 1initial shock, at the measured shock velocity
: ity

designed to reflect the CARS signal from a highly polished 304 stainless:

cting off \the known window material assuming the theoretical equatinn of

target plate at the front through a 6.3-mm-diam quartz or lithium fluoride w for N
, or 02. The equation of state parameters for quartz and Llithium

at the rear. Impactor and target plate thicknesses were chosen, an is a c
re from published data {40). Based on the previously stated experimen-

asgemblies were installed in the ~l.5-mm-long liquid sample, 80 as to insure e
ors, estimated uncertainties in pressure are about *1 GPa for principal

rarefaction waves would not compromise the one—dimensional character of ‘the Lot ‘
: ' ot measurements and *2 GPa for reflected shocks. These uncertainties re
pression in the region observed optically. Single shock velocities were ¢0 8 aie

ted by the experimental uncertainty in .the shock velocity. Temperaturs

vatively measured to 0.2 Rm/s and the initial pressure and temperatuteé

. .
alnties are dominated by a systematic shift of up to 10 percent depending

1iquid sample were determined to +0.1 GPa and tl K respectively. Initial®s

& theureticgl model chosen [17,20].

densities of N, and 0, were taken from Jacobsen, et al. [38] and Weber 1391 .
' CARS * [41-46] occurs as a four-wave parametric process in which
spectively. The samples were condensed from gaseous Ny (purity greater toa pi f . thFee o
: 2 pump frequency, w_, and one at a Stokes freq 0
b equen:
99.9%) and gaseous 0, (purity greater than 99.6%). et d . e e
0  produce a coherent bea: t -
m at the anti-Stokes frequency, Wag = 2wp =g

frequency differeunce N

A Nd:YAG laser was used to pump the two dye lasers used to generate the :
% ] ficlency of this mixing is greatly enhanced if the
signal. The laser dye DCM was used in the broadband dye laser to produce:: ) -11e

W colncides with the £ Cegquency man activ 2 0 e 8a >
. Vg requency of a Ra

C | ’ L1ve mode of the sample. he
i £ 630 nm to 650 nm. 51t a A iven b

The pump frequency 'i y of the beam at is g y

obtained by uesing approxiniately 40% of the Nd:YAG laser output to pump 2 h’

band dye laser (Quanta-Ray PDL~1) at near 557 mm for N, experiments ‘an

' Wl 12 1 y1,)? 2 2 2
582 mm for O, experiments. Multi-channel detection of the CARS signals was - E _as “p "sthi g ) nge + 21 ¢ ng + 2 2 ng. + 214
' I S e S — 27
using an intensified photodiode array (Tractor Northern Model 6132) and:anaif i “p“‘s“aw 3 3
{Tracor Northern Model 6500) . In ad;iition, “the broadband dye laser &p ;k
. p

measured in each experiment using another one-meter spectrome

126

profile was
(1}




broadband-dye-laser
~1

dpectral profile was calibrated agatnst either the
and

«2cm

3 [do (py — Py) . spectral
pk h w_ W "( ) b
Ty X B dQ
R I N i

and 15662.3 ca~! or 15782.4 cm™t

and 15364.9 cn~! transitions of Ne,

slit function of the spectrometer/intens1f’1ed~d10de-array combina-

48" measured using the 19931.9 cx! line of He and an 100-ym-wide entrance
. and ‘1
s the speed of light, and ngq» T

4 good tepreséntation of this
here‘ h is Planck’s comstant, ¢ i
W

8lit function was obtained by use of &
2 1
. I  and I -are FWHM triangle. The
g0 and up, respectively P

spectral profil £
as’

the narrowband 1lager was

tely measured and was fit best by a Gaussian with ], 3-cm!

- non-interfed .

layer, and the sum is over "non e
s

. ij v
incident intensities of . the . pump and} Stokes beams respectively N corres

1 at l/e-ﬁl‘l—-
3

s LB 1s the peak third orde e observed single-pulse CARS spectra of ambient pressure and eight (four
ibility, Xj .

-resonant suscept o .
layers. XNR te the not imup (HWHM) linewidth, and " (4 nents) dynanically—compressed 8tates of 1liquid nitrogen are shown in
. ’ £ maxim

f width at hal

r, is the hal
ceptibility, T4

fon of the j-to-k vibrational tramsitic . Also shown are preliminary calculations of eynthetic spectra made using
tion -

- s-sec
is the spontaneous Raman Cros

! )e Becauge of
13- )
, : timing constraint
Equations i and hold only in the case of no electroanic resonance: ey ‘ 8 and th
(2) a | e desire to
)
( d.

; the shockwave in the experinenta has

éd off of the rear window back into the once-shock—comptessed eample,
wment [42]- jgentally optimized 1n the 0§ a doubly-shocked reglon. Because the ambient 1iquid N2 Raman linewidth
ed to be experimen ,
Phase-matching 1s assum d. The dispersion in the Ny ba ficiently narrow [51-53] end because.the line broadening
1, ditions wused.
: he focusing con
gample for t

with Preasure 1s
in refractive index due t here to be sufficiently slow, apectral features from both the elngly—
T ;
h the increase in '
g le linearly wit
assumed to sca

.52(1=V/ Fig. 18k -
e empirical relation n = 1.22 + 0.52( 1g. 1 by asteris 8) and doubly

(arrows) nhocked regions are clearly
compresston according to € jon and 1.22 is the approxima! : - .
v/V, 18 the relative volume due to compiizshgl' Linear scaling of the d oug observatiﬁne by Reichlin, et al. [12] for solid Ny “show that the
of refraction of amblent liquid Nzl ;_ai] conpressions. These T 1, frequencies tend to first increase tnd then decrease with incressing
g angle a .

hin
results in the same phase-wmatc

fon terms of Eq- (1).' Visual inspection of the data in Fig. l 8uggests this same phenomenon
~field—correction ’
n the local-f

occur -at ‘Hugoniot conditions,

indices are also used 1 -1y were all done using vacuum Wave

5

only with the reversal occurring at much
Wavelength calibrations (£2 cm

iments, the narrowband dY, 1 ures . This behavior has been suggested by the calculations of Etters,
t;he NZ exper *

) on lines [50] For

atomic emission

L7947 4 em~! transition Of ; | 8nd - leSar [33]). The data are preseutly being analyzed using tech-
nce with the ~
placed near of in coincide ‘ 1s was calibrated using uased - ‘Previously  [31] to obtain more accurate. valueg
detects CARS signa
de array that
intensified-dio

éal for transition
=1 ; .
W6 en HE 1 peak ‘Raman susceptibilities, and Raman 1ine widths,

1 311.6 cml transitions of He and the 198 : '

19931.9 ca - and 20 .

!

T the
B

20641.3 cm (o}

ntal results [34.35,54,55] show that the dense-fluid—ﬂz vibrational-
- -1
Ne, or the 19882.0 cm oincidence with the decreases from greater than 7 s gt atmospheric pressure tgo
in c .
ser was placed :
ments, the narrowpand §ye la diode - array was Calibrat 0:2m8 at 0.3 GPa. Because these times are long it 1ig unclear
he intensified-dio
f Ne, and t ; £
transition o th sets O
18511.4 cn~! transitions of Ne. For bo
and . :
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the shack Pressures and temperatures shown in Fig. 1, the relaxation
-1
18753.8 cm
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time will decrease gufficiently rapidly (to =50 ns) to enable equilibrati

f

the vibrational levels in the shock-compressed region interrogated by CARS.

i

18 also unclear what effect lmpurities will have on the density dependence of

Ratios of Eq. (2) for excited-state to fundame!

[

relaxation time {34,35].

transitions for the lower pressure data [31] were used to explore the possib;

of a non—Boltzmann population distribution for the excited states. The I

08 10 04 06 08 10

hand-side ratlos were calculated using the harmonic oscillator approximatio

the variation of the Raman cross section with vibrational jevel, (do/d

d assuming a Boltzman distribution for Pye For these transitions

(3+1),

ratios of the left side detetmined using previous experimental values {31]&
with the values calculated for the right-hand side. This suggests that,s

to the stated approximations, vibrational equilibration occurs faster than

at these pressures and temperatures. However, because of the large uncertd

in the experimental quantities {31}, particularly the peak third-order -8u8

bilities and the Raman half-widths, this conclusion does mot yet merit a &

atatemenf. We are presently doing similar calculations for the higher-]

data.

The observed single-pulse CARS spectra of ambient pressure and fi
experiments) dynamlcally—compressed gtates of liquid éxygen are shown i
For the higher-pressure data in these experiments, the shock wave had 16
the rear window of the‘ target assembly. dence only the sing
(asterisks) and ambient-pressure (unlabeled) states are observed spectll
are presently snalyzing these data using the semiclassical model, E:
CARS intensities. Becausé & poséible absorption 126,27,56], due to eit
der Waals interaction-induced ‘or a coliisionally-induced transiti

frequencies of the CARS lasers, could dramatically influence the third

céptibility in Eq. (1) [453], it ig first necessary to perform an abst

* , ’ 0.8 GPa

5
% 183 Qpe 162 K

4123 K

w 38.5 GPa

v* % 17.5 GPa 4922 K

3912 K

4444 K
3521 K

2480 K
. 2196 K

periment at the pressures and temperatures of interest. Such measure Oc)o

progress. A visual < iumspection of the data, however, suggests tha
the Ny results given in Fig. 1, a nonlinear increase with pressure 1

dent for the 0y 0-1 transition frequency.
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In summz+y, the observation of vibratioeal transitions of the NZ
ures up to 41 GPa (5200 K) and 17

: 1 héso conditions,
6 GPa 10
* 9 Ambient

and 02, at

GPa (1000 K) respectively, suggests that

N2 and ()2 still exisc a8 molecular fluids. Visual
A spectral data suggests that for both molecules the
lonal - frequencies initially increase with increasing pressure along the
ot ~but at higher presgures this trend is reversed. This would indicate
.narrowing and then a broadening of the intramolecular potential function,

gher vibratioual states in N2 are excited in <50 ua. Within the 1lipits

approximations used and the experimental error, thermal equilibration of
Vela is suggested.

x 8.3 GPa 811
Ambient
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8 /2/. In the early sixties,
6 research program on explosi
irsk:/I/. Later, explosive

investigation of
gun in Moscow by Professor Yu,N,
M.A,Lavrentiev undertook a lape
ve hardening ang welding in

Powder compaction was also ine-
nto the research brogram /3/. The first attenpts to invege

 ldea of explosive hardening was firat suggested in the -
951 /5/. Contact charges of plastic explosives, providing
detonation front pressure of the order of 20 GPa,
If the detonation front mo
s+ the pressure in the

e metal is also of the order of
front is no

are usec
ves along the sup-
shock .wave propagating
20 GPaj if the flat de-
be hardened, Pressure

 Proceeds during several _mtcroseconds, the layer thick-
¢in mechanical properties ape appreciably modified varies
' Fi{g.TI presents different arrangements for ex-
ening of nmaterials, Shock wave action on metalg and
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alloyé results in thelr heri=aing, i.e. their hardnessy yield
strength and ultimate strengbh increase, while their plasticiy
and impact strengbh decrnase, The Table contains values of d£
rent parameters chabacferizing hardening of different steels
different explosive treatments. Note, that the geometry of t
cherge should bechosen in practice in such a way as to minimi
the residual deformation and to avoid destruction of the part
It is rerommehded that the surface of the parf
hwrge be ﬁnder the conditions whereiﬁ
xions simultaneously.

releasg waves.
tacting the explosive ¢
will be compressed from all direc

2.I. High-manganese steel »
The explosive hardening method was first tested on ausy

(1iadfield steel) /S5/. At prese

high-manganese steel TI3]
ificat

strial hardening of railway frogs using different mod
of the srrangement preserted in Fig.2 is carried out in th
USA snd Ceunada. The service life augmentation is highly de
upor the steel grade and éastings quality and varies withi
400%4 lower quality parts are sortaed oub. S
Other parts, namely, dipper teeth, linings of the cru

mills and some others made from high-manganese, stael are a
plosively worked in the USSR along with the railway frogs.
ar resistance increase 1is approximately the same.
A11 over .the world the tendency is to use more and m

ores which results in increased amount of rock masses WOIl
‘making urgent the problem of increase in wear resistance !
. working parts of mining machines. These arz made from hig
nese steel now and the situation will hardly change in pr

~ future. Hence, there are favorable prospects for wider dp
of explosively hardened articles from high-manganese ste
fact, there are no alternatives as concerns hardening pal

this kind.

2,I.I. Explosive and thermal treatment (ETT)

2.
) By seventies, an important inprovercnt wae intredu
. the method of explosive hardening of high-manganese ste
shock wave action results in increase in strength and d
g in these mechan

X

plasticity of the material. The cha

atbion in theth

‘rties arve caused by lattice defuctn

materinl under treatment., To avoid the plasticiby dnole

cinl thermal treatment wns sugnected providing feor the
. .

‘:Il‘ucture: the defects could

lagticity and i i i

. Tablz o impact v%scos1ty increase under low vemrsrat

i pthsents mechanical properties of high-ma e

. viZ§0 .: explosive and thermeal treatment and ?ga:ese

2, sl i i V a ‘ r ‘ :v

¥ 1s plotted against temperatire, The ; t;giz
. ptimi--

of ‘mechanical
: Properties is evide .
ls service adv bages. nt which brovides for cop-

aucleate new greins and to provide

1{ stete 0.2, CYb’ 4, ¥, | Inm
1 Jen & B ¥ [Emee
itial 4% e
’ ;gmﬁpa 930 1332 %? . 28 £
_ . 475 975 46 3T 2.9'
Initial 325 540 21 : - N
5 GPa+TE¥*  3gq 610 I . o
10 GPa+TE™* 245 565 23‘6 ‘ o
Fine-grain- ) 'IO
ed® 10 GPa 473 600 15 "
8 Initial 350-450 600~700 30-40 =
9 GPa 610 720 35 # -
12 GPa™™*  pgg 880 20 . A
I3 Gpa*™™™* g0 880 20 " _
20 GPa II20 I200 I0 . s T
40 GPa T440 1540 6 - -
5 GPa™ - g5, 860 4 - _
6Xplosive -
o OCiand thermal treatment (20 GPa + water quen-—

2l treatment at 700 °C fop
ue shock waves
terflow

Quenching at 900 °C, tempering at 700 ©

30 min.

C for 30 min,

gening of other materials

ects of shock waves op mechanical

- ‘ properties of fe-
<thea;iZZ:i::eB;ntezseiy studied at the reéearchdiijz
e redoe stu:éc of tée USSR Academy of Sciences,
’:reSUItB On 1ow_c;;:02f d;fferent 8teels are presemted
+ The creep of a numberazf ;:&inless reratiore Even
, the. curves prior and follow
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~based superalloys was
ing the hardening proce-




; tures, &
eting tempersa
in Fig.%. At oper £ 7-8 is sta
dure 8re itvetf the loaded specimen by & fa;tor ;roi
3 ree
aervicz 1explained by elimination of zones
which is

1s obtaired in an ecenomical ‘way, it is quite natural that
iderable efforts of scientists are directed to theoretical and
iperimental determinstion of the lower boundary. Studies /I0/ and

‘have much contributed in this as concerns some important me-
combinationss In /I0/ a hypothesis was suggested according to

h the lower welding boundary is due to the substance flow pre-

i ning of the slloy latti
e rorn, prov%iizi iirdzzziis zznerated by the shzz
o e a depo:lwas undertaken to integrate the rei° 
Y attemietais'and alloys by shock wavesf::iing:
e hardeninielations characteristic of the ha s
e e cor‘ hardness and yield point as dete odﬁl
o eeure 1: the shock wave front to the shear iveS,
L o et to b ah rdened. It can be seen from the ?icreas
o m9t9r131 o b: i: a possibility to significantl? ;Wide’uy
o Princiiieazzeiardness of many metals and alloys in
yleld po

& the contact point providing for self-cleaning of the sur-

5 £6 be bonded. lately, the lower boundary position was deter~
‘theoretically and the theoretical results obtained have
A good agreement with experimental data fo

T a8 number of me-
ombinations., In future,

main physical parameters determins-
of the actual bonding brocess in the vicinity of the contact
such as pbressure, temperature and others should be determi--
Te precisely.

Of special interest are those parameters which
mehow ‘related to parameters j and U,

3, EXPLOSIVE WELDING

osive weld
As mentioned above, the studies of thz :jzian M.A.Lav
" As m £ Acade b
team O
the USSR were initiated by t:B umber of papers and mONOET Lhe 25-year period of explosive weldi
- i : :
in ToW4-I946, By now, 2 sreat countries wherein physical nations obtained. Metal-
and /9/ eppeared in differen rocess are analyzed whose Bl 104examinations of the bonding zone carried out by differ-
chapical regularities of the p - fHors shows the bonds ob

tained to fall into two gresat groups,
68 of ‘the intermediste layer adjoining the intexrface serve
£y & particular metal combination.

; This layer is formed
elding process of several microseconds durstion and its

8] a ¥ countries.
lications are used industriall in many : \7
PP

characteristics of the
2T e phySicit igi ?ﬁi;ait;;tn'explosive welding ?#;
g preéznitial parameters (explosive charge weliﬁ
Ao e et x'ln:Lng the acceleration path of the elem’d
e s deter?;dicated the main dynemical paramiferznk
T e caliie regimet contact point velocity b .
e et O e 1 At present all these parameterf a ;
o angie E ;n experiments gnd there are design
e énmuiitﬁ the initial parameters © ¥ :
rreleting the tudies have shown the knowledge of kth
N“m?r°us st'on to be sufficient for determlningh
'firSt apprOXi?a'te pair of metals to be welded. In’tle
e toe def:xil area can be represented in the folloy
P w?l 2§ding to the present day knowledge ?h
(Fig.5 /?/).Acc dafy and the most sound welds COntal?
. weldl?g bo;nmelts occur near this boundary. Tée.
vur e oth wavy and wavelessj in both cases,how
oia atr betzoiq in excecss of the weaker of the me?a
welq St?ezén i; the vicinity of the luwer bcundarir
..;auiiew21n;mim quantity of the explosive, 50 that bl
y N
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gries from several hundreds of microms to fracticns of

+« The ‘layer is difficult’to investigate due to its small
it is studied mainly by means of microprobes.

he materials bonded do not form che

mical compounds; there
rent concentrations of one material

emely low mutual solubilji-
neir actual insolubility.
‘materials bonded can form chemical compounds, the ip-
‘ayer contains them in

different proportions covered by
f,all Possible compound

Y B+ As a rule, these metals are
Jjoin by usual methods du

: e to appearance of intermedi~
talloids which are brittle ang deteriorate mechanica}
the welds, Explosive welding results ip extremely
uniform intermetalioig layers which are not
in conventional Weldingy In

S0 harm-
€5y a5, for instance,

a number of bractically
in case of "atee? + titanium"




o eteel + alumintum® combinations, the bond sirensth el zfaiilying liquid ammonia fertilizers. The corrosi
e : . on resisg-
ng ol ‘the stainless steel cladding provides for nec ope
al characteristics of the wérking units T open

excess of the weaker of the two metals.

The crystalline structure of the intermediate layer re
- »

~layer b i

7 :Ztif %an%s of plain bearings wherein a steel bage ig

2 i riction layer explosively applied to it are al
n e USSR. A brass layer of 0.5 to I,o o

an- anti~friction layer. .

unclear, There were suggestions that the metal contsined in
layer is in amorphous state /I2/j however, the technique us
the study could not give sufficient support to the idea.
At present much discussed is the problem whether explo - Use of explosive w:?dfhicknessAis
welding occurs in solid or in liquid state. To our opinion, ventional anode surfacing results in signifi . %nstead
is positively proved that metal in the vicinity of the cont ’ngy while consumption of expensive anng% sty inoreaced
int is in plastic state during the several microseconds of - Qréased ty several times, Ugse of the steélc:rce copper alloys
1ding processj in this state metal can flow like a liquid ,nthe bearing strength while the uniform tl'ase allows to ip-
the stresses are significantly in excess of its strength. Pr ’layer applied permits to almost t;~ ) tiekmess cf the
1y, the lattice is not destroyed by the process though it aying production, The proceg
mis-shapen as it is the chse with the lattice in the cumuls  plent with
jet /I3/. So, explosive welding is situated somewbere in b
the welding processes taking place in solid and liquid sta
It should be noted that excessive collision energy canm
in a partial of full melting of surface layers of metalsy 80
the final bond structure would be indistinguishable from th
tained by welding in the liquid state. However, this melting
probably, a secondary factor not determining the essential p
ties of the process. Especially difficult to study are the Chl

g

. CO away with machining in
T 8 15 reaiized in a special shop
> 01 an explosive chamber, T »

E he 23711
of different G.aimeters are now produced on g Joaring

commercigl

h XD ‘ 1 1 esg i S also in rodusc 0g ain
' he' (] losive we dlng Proces s used ) p ‘ P
8 blan.ku‘ made fr om bllﬂe tal steel + 4020 alum:.nlu.m vln all()yv
g dies el engines, A combin a echnol (94 i
used in strom, & tec 010 can al

used wherein metal obtaj
3. tained by roili I3
he steel Lase of necsesary thickneQ§ng e Yoy enaed

The ‘explosi s
; XpLosive welding process is widely used now f
~when no intermediate layer is detected even with maximum m Or manufac-

cation, To our opinion, such a layer still exists and it shoud blanks obtained by explo
studied using progressively improved methods of analysis pe wring different parts of slec
ing to see details whose order of magnitude is near that of
lattice dimension., These studies should answer many questio
lating to the nature of explosive welding.

The use
for necessary strength due
at conduction due to the
Ss. Among the p

i . q Parts produc-
one could mention two-layer water Jacketn

as well as two~layer crystallizers of gi..

¢ steel ‘base, and for necessary he

layer of a Corresponding thickne
& commercial scagle

‘ smelting furnaces
1t designs (Fig.6).
he explosive welding me

%.3, Practical applications

The flat multilayer metal plates are produced in the 5¢
Union using explosive welding technology beginning from th
sixties. Of utmost practical interest is production of thr
plates wherein a 08K low-carbon steel plate is cladded o
both sides with IXI8BH9T stainless steel plates. In manuf
this trimetal low-carbon steel plate is cladded in two sho
the both sides by stainless steel plates. The three-layer s
obtained is rolled using a conventional arrangement sc tha
which is 2-4 mm thick is obtained while the stainless stee

; thod permits
8¢ Cases when conventional w

je to realige (steel +

: to obtain strong welds
. €lding methods are difficult or
. aluminium iniu )
tamwm and its alloys o ) e

and some othe oumbi
van ' : 2 0 r combinati
1on-resistant metal ag titanium can be ~one)
> . . ) i us
surfaces of different veg

’ ssels
‘ . ¥
1ds; to this end larg

. D
1s crgunived in dif

stie~
» Such

ed for cladding in-.
o rosee progjnf?ining Chei:ically active
\ P ction of steo! + titani ux
ferent countring of the worid, Dif‘f‘e~l

; .
el + a it v inints are 1
Ls are large

vary within 0,I5-0.I8 mm. Tnis material is used in agricult
machinery industry for manufacturing some parts of machine
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turing current-carrying parts of electrolyzers used in alumini
production. |

4, POWDER COMPACTION

The powder compaction arrangement \ising cylinder‘ contain

shown in Fig.7 was studied most thoroughly. The shock wave C0 \\—\5\ Lo /x{\Y o > /,//} -
" gurations arising due to variations in weights of the explogi srdening arrangements NN N NN NN ‘
charge and container were described in detail in /I4/. Fige sive charge; 2 - material to be hardened v
. sents some of the possible configurations. It should be noted hock wave., eneds 5~ generator
the similar configurations can be observed also in the case ¢ aH .105 J/mz
wder compaction using flat geometries, though in this case th
arigse the relesse waves tending to rupture the container whi:{c 32 cate
difficult to neutralize. It is evident that in order to unifo 28 gt lr\l"‘i’a\” 8
compact the powder, a shock wave configuration should be gené 24 "

which contains conical shock wave in it. Large computers ai

‘20 o 6Fe
ed in order to realize calculation of different shock wave rg i 2
mesj an example of sufficiently complete theoretical calcul .
js presented in /I5/. : k 2
The bonding mechanism of pow}der particles in the explo
compaction process is described in /I6/ and in a number .of
publications, The main process which results in formation o 130 Ter

080 60 -4y 0 +ap

~nanganese steel hardeni ; ' :
-3 ni, & Cof
c08ity after explosion anggEé;SBI:DperaLure dependénce of

= 850-900 et )
"G - 950M§2<’)o<;g'2 = 400470 MPa, 0= s2-ucg,
b T - 8y ()\ = 450_ .
G50~ 0,2 500 WPa, § = 4
950-1100 Wpa, G, , = 640-820 MPa, & = ;7_36%.5_'4%

“1lithic compacts is the plastic deformation determining the
release on the boundaries of the powder particles. Of great
tance is the characteristic relation of the powder particle
to the shock wave fromt. If the powder particles are too L),
“heat release beyond the shock wave front is nearly unifo

gpecific phenomena resulting in explosive powder compacti 506)%
occur, ] | l I
! 1 .
: ‘ 25 i _..E_LM 2
4,I. Practical applications: some examples - i 1T ’i*
Several causes conditioned rise of interest to explo 20"‘“*17‘**‘} -t ,4«__%

wder compaction. First, there was a desire to transcend 8 P | ; i
tations and to bond some materials which could not be we 17T a8
conventional explosive welding method, foi: instance, to ' 10

nding brittle non-metal materials, ceramics, for example; / /7 I ﬁ_"“’ 3
tals. At present metal + ceramics + metal compositions b 5 ¥ A LA
‘ obtained and are successfully used in industry. Of inters 0 ﬁji;:::= afl ){/
also prospects of improving properties of some material 01 0.2 . T /b 5 o

uld be obtained by explosive compaction. A number of ‘te
undertaken to study BK hard alloy (tungsten carbide + C
der compaction /I7/. The tests have shov hardening of

’aitl] ogs Lreep curves: é’ h
EISTI‘ eningy I'y 2''~ after hardend
P, T'= 800 “C; 2 and 21 -5 20310 wpa. T
= 2i a, =
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T
‘ 2 6
Fig.4. Explogive welding arrangement? - S
1 -~ thrown plate; 2 - explosive charge; 3 - stetlonary plate; & . 4
baae; 5 - getonation front; 6 - detonation products. :
7 S
Fig.5. Dia gram of i=Vj plane welding processi SR g
I,gB - lnwgr and uppeﬁ welding boundarles, respectively; 2= 5, X

personic region 1imit.

7.Cylindricél arrangement fo o

{ T oxplosive

pgwgg:grz - explosive (6xB ammonite); 3 ~c:ngggigné t '
, and upper plugs, respective{y; 6 - outer shglgnator;

B

Tk
/‘u
s

%

Fasass ' 3 N - ) \

OISO I NI

T

Fig.6. Bimetal ¢ylindrical crystallizers:
1 - copper tubeg 2 - steel rings 5 - steel shelly 4 =~ rigi

Shock wave co 3 . “.‘”'““——'———_.Nn
ous materials ﬁflsurations ar

stonation products;

Ising lm emT Iy e
sing cylindrical goomatenbe B1Ve Compacting

- geometrisae
YB - sh
71:;k wavej BB - explosive,




‘binder to take place as well as deformation of the tungsten
de particles. The effects observed suggest better working pr
ties of tools made from %he nard alloy treated using the exp
compaction method, The synthesis of several superconductors:
carried out /18/ end their characteristics were studied. In;
synthesis of barium titanate from a powder mixture using a: ¢
‘der container is presented; polarization of the crystals obi
was also stated in this case. In /20/ increase of catalytic
vity of several oxides following the explosive treatment 1&

ice is formed during the solidification process., The mate a~:1 guiggg Oper., J
ve unigue corrosion resistance, strength and magnetic pro e vibas A . .
However, now only thin foils and fine-grained powders can "icheskikh'

ined by these methods which greatly limit the possibiliti
ing the advantages of these materials. Obtaining the soli
rens by conventional welding or sintering methods is impo
.principle, because the over-heatings result in lattice fo:
The tests wherein "metal glasses" were treated by shock e
were undertaken in the USSR end some other countries hav€
that explosive treatment permits to retain the amorphou
" the monolithic spécimens obtained. This opens good pros
various applications of these materials and methods in £ul

2,

5.
g,

.»357
'6.

7e.

" Vzryvnoie uprochnenie nekotorykh_klassov‘stalei/

. Novosibirsk, I982.~ P.78-85.
. Deribas A.A., Nesterenko V,F., Teclenko T.S2. Uni

lately, a keem interest to the problem of explosive tre
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WAVE FORMATION CRITERION IN EXPLOSION WELDING

¥aves in it. Just a8 invalid
V.G.Petushkov

E,O0.Paton Electric Welding Institute of the UKrSSR Acadg
of Sciences, Kiev, USSR .

is the introd i .

o ‘troduction int

: @ stronger metaj hardness, since at a e
8ure the softer metal of the pair y eveonate

is
ust lead to its melting or : Certai"ly e, et

and
anomalous y
: able . s mass losse
A V_ coord experimentally near LB, ana the use of t S, not de- . v
The region of explosion welding existence in , Vo coo nesses is none other than & e he st o
nates is deliheated by the A,B and C curves (Fig.1). On thel The proc promise, _

it i3 limited by the D curve, corresponding to conditions uny

" which such pressures are achieved at the collision point whi
are comparable to the theoretical strength of the metal crys
lattice.

The most interesting is the lower boundary (LB) of exple
on welding (A curve) where certain limit (cr;tical) condit%m
of the colliding bodies occur, at which surface effects ar
sumed to be still possible.. :

At small'x angles of collision LB is given by the equa

"humps® ip front of the con
is & process of interpenetr
the ‘explosion welding
i, and, hence,

tact point, Thus, the wave forma-
ation of metals, which
LB, preserve their

ngy the laws of deformable
the colliding meta]

y 8t least
Crystalline struc-
s0lid mechanics,

X.Vc = klviﬁi7— ;‘

itions realized in

» 258 tensor, t

’H i o s » temperature, strain pra.
where V_ is the contact point velocity, k_is empirical coef ; rreversible shaical e Lo o Centae interWOtixa
ent ( kC: 0.6 ...1.2), which is determined by the conditi ) teristics, a3 raying e o e N ereal Fny;i‘wl
the critical pressure achievement in the welded metal colll ’ Splayin Gy ca

g the mentioned m

. o etal propertie
point. The magnitude of this pressure depends on certain © Yield poing iotance

‘ 9] ch
- deformation' ar aracterizing metal

strength characteristics. It is usually the easY‘#o'detgr Lo ue of P te auite :

ckers hardness HV, although besides HV the gbove expressi Sike goin
_ often include Hiigoniot's 1imit of elasticity, static yiel :

and ultimate strength. ' -
In explosion welding similar metals the above expresV

does nof contain any'formal contradictions and satisfactq

ribes the experimental data. However, when attemping to
for explosion welding dissimilar metals, with markedly
. static strength (hardnesses), there arise basic difficu
substantiating the selection of hardness (as well as del

resistance
ensitive to

- the values . r.d

last o

o generai cas:c :lowhwith s8uch different defg;mationc
1 i » L0 which exactly th .

rrespond under these conditions } ) same ymenie

‘yield
95ion weiding leads to r

ather high deformation rates in
. reaching up to
ion rates the dynamic
ue

e of 5

-1

« At so high deformat

. 5 ex : i
one of the two metals being welded. Proceeding from the e Statle vl

yield point
which is usually deter-
» Despjte the fact,
s Mainly,

sis on the necessity of the mass backflow as explosion deformation rate of 1073
fxperimentalmaterialis

i the et
criterion, attempts were made to introduce inte q < 10751

that the ac-
hardnesses of both the stronger and the softer metal

i conc
. e r'tfe relative increment of tzgngigﬁ:Tidefo:mati"
—sum of their hardnesses. However, if LB is determined it greatly depend on itg static value, g vield po-
condition‘of the formation of mass backflow from the 5  ’5 -1as 4 g Yalues for the defo » Such depen-
tal surface, it remains unclear how at the pressure ¢ 0 5"

‘ " b on
» taken from literature® o

| : \ ‘ are given in Fig,2 :
the soft metal the harder metal shape is changed so & tially differing in strength, me
150 Go On strengt i
s vnatrength characlerigtics o idj
elding, - Automat, svarkafs%égg ° 16, pujne bodies in

» N10O, p.35.38,
151




escripfi on (in-

existing hydrodynamic concapts) of

This can be easgily 8een, since gl
A at the rate of uniaxial tension of 510 s~1 ‘the dynamjic
J" Vv N points of say armco 11r‘on-(6'o = 0.18 GPa), €13 stee (G-
‘ welding existence. a) and CT45 gteel (6}
: losion :
ion of exp
Fig.1. Regl '

o =0.5 GPa) become the same (Gd -

U8, the conditjion Gd1'6d2 where lindices 1 and 2 denote
fter and harder meta

1, correspondingly, can be postulated

wave formation criterion in explosion welding 'ofqetala,

_@4 T ng those of different initial strength,. - :
60 123 W nce, at the boundaries of transition from the wave-frae to
‘75 6 Joint line the criterjon condition ig that of the s0f~

10 L oo} —1 8l yield point (fiynamic strengthening) increasing to the

level taking into account jits dynamie strengthe-

P B the deformation rates of the layers adjacent. to the’ con-

8'——0 face, which are realized {n both metals being welded at

0 02 04 a6

Fig.= e e e ive value of the: dyn
), Dependence of relative val

ig.2. Depe 2

;i\:xt on its static value,

14

153




AMPLIFICATION OF LINER VELOCITIES USING MULTILAYER
3YSTEM FOR GENERATION OF HIGH PR7SSURE

M.Adamiec, J.Bagrowski, H.Derentowicz, H.J.chkner,
R.Swierczyfski

S.Keliski Institute of Plasma Physics and Laser Microfusio osults of a numerical
P.0.Box 49, 00-908 Warsaw, Poland ——="272C8. analysis

Abstract

The paper presents the results of the numerical analysis ( — namic equatio
metal liners driving using multilayer systems in plane and cyll
drical symmetry. In calculations there were adopted the data ¢
responding to the experimental system investigated in /6/. T
sult analysis confirms the experimental results., It was stated
that the velocity of the accelerated liner was 3.5 as much i
v parison to the velocity of the stricking liner, in the cylin
sysfem consisting of six pairs of layers plexiglass-Cu.

v
o Velocity - gix pairs or lay.

exigl - y y
gia88s-Cu in c lindrical Symme tI‘y
] 13

T
he constitutive equations in Lagrangian coordi-

de
Ccepted in a form proposed by 8eribing cuprum behavio

Tillotson /7/, T

for plexigiass

n

t: da:a was adopted in the calcy
rnal ;adjius . )

V. o= 3 8 ; sl e T

Sl o - 5 km/s; relative thickn %ot s

1/84=0. i relative thickn g ayor o

Introduction
Achieving high velocities of metal liners, exceeding ¢o!
rably the detonation velocity in the explosive is not possib
a simple system of explesive acceleration, In the paper /1/
was proposed & method of increasing of the liner velocity by
the following driving system: striking liner ac;glerated by
tonation products to the velocity v_ - light intermediate 1 ner -
(buffer) - driven liner. 0, ' ‘ For t:zsc:::a:fe V?loc1ty of i
In the papers /2-4f there were presented numerical anal son
based on the idea suggested in /1/. The authors of [/2/ worke
the numerical optimization of one-stage, multilayer system o
acceleration in plane symmetry. The aim of the optimization
determine the thickness of the buffer layer for which the:ve
of the driven liner attains its meximum value. The papers /3

ners

Yo ts external surface -~ v,
ake there were algg present
lane s . tour

yst;: and for the cylindrical
e oLl results from th '
o . tha: ;n :he multilayer cylindrical sy:tfigures:
n the plane g "ot the
ymmetry. Accelera
tion of the

1layer system
occurs on a v
liner thicknesses., ery short

In the investigated mult
presént the results of the numerical analysis of the analogouf In the‘MUltilay
layer

tilayer concentric systém.-It was shown that - in comparison er, velocity of liner accel Ln comparison to the strik
elerat -

plane system - one can achieve almost 100% increase of the 1
velocity. . |
Some experimental works were also carried out /5,6/. Thi
/6/ presents the result® of experimental investigations umm
copper liner acceleration in the multilayer cylindrical sy:
sisting of six pairs of plexiglass-Cu layers. It was state
the velocity of the last liner was 3.5 as much in comparison
' velocity of the striking liner directiy accelerated by det
products. ‘
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: ved, The

Fig.2. Influence of the multilayer system on the mo
0 presents
o nts the geometry of the analysed syst

sed svstem,

the accelerated liner (A-cylindrieal system of six
layers plexiglass-Cu, B-cylindrical system with the
concentrator Cu-plexiglass-Cu; data of the §trick

driving liner are the same as in the case A).
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:.THE PECULIARITIEZ OF ELEMENT REDISTRIBUTIONS IN METALS
DURING SHOCK WAVE TRANZKISSIONS

L.0.Zvorykin; V.M.Fal’chenko, A.V.Filaiov

Institute of Metal Physics,

Academy of Sciences of the
UkrsSSR, Kiev, USSR . .

In ‘many works the investigators observed a considerable in-
ase in the rates of such processes as crystal growth,
ctions and phase transformations under shock compr
ge processes, characteristically,

ibrium conditions by atomic mobilit

91ty of element redistributions,
hods allowed to determine,
m thin coating layer (0
er the transmission con

chemicei
ession. Al1l
are iimited under quasi-equ~
Vs which is determined by in-
The use of the radioisctope
that penetrating of the elements
<3 m) into metallic matrix is observed
ditions of shock waves, at the same ti-
the most considerable depth of penetration is observed in meta-
Byith lower binding energy. The loading was carried out by ge~
ing plane shock waves having various characteristics. The
owihg parameters of the plane shock waves (amplitude, comp~-
on~pulse length, a configuration of increasing pressure fro-
ere varied, )

-

D.J.Steinks

¥ith changing of the plane-shock wave amplitude from 10 to

8 the penetration depth of coating élements into the metal-

into a depth, which does not exceed 2-3% of
ransfer one, achieved during experimen

In- this connection the heating~
or,

ts with dynamic defor-
up temperature may not be

determining a dependence of the penetration depth of the
atoms on sheck-wave amplitude. More essential for the mass-
er process in shock-compressed crystals

e gradient in the loading front with incr
n'wave amplitude.

is an increase of
ease of the com-

A change in the compression pulse length
affect the penetration depth of

surface isotopes, It may
e, that processes,

occuring under high quasi-hydrostatic
- behind the increasing shock

the' mass transfer,
, shock-wave pr

-wave pressure fiont, affect

A formation of multiwsve fronts of i~

essure resulted -in findings being analogous

_Obtained at multiple pulse treatment, Under these comnti-
159




I ————

ttons the penetration depth did not alter in practice, put th

f the elements be P » Y.
. n ¥ ing formed in the hase i tel layel S b
n

the micro-X-ra
rium e stateyd::aiysis, their identification by th
e eoe B ShOCRg ams 15 not succeeded., It shoild P
dary' Contacting. w1thw21e :;animits through the powderb:nn;-
lbrium state diagram T. ncone 2o o e E
¢ o .« This seems to be co vroh a o
o e h:z:izg—up being more conside:::::ei :1th hoor
tructural defects beTidium‘ o e deformat? a ShOCK
; g analogous to ones, which ::etrzcea
obser-

""For the regularity obtained, the maximal wave amplitude {of
1oading—front camponents) afiects decisively & size of coati
element penetration zone.

For the mass tronsfer zone, formed in the result of sho

-wave transmission, & volume character of element dis

penetrating into the metallic matrix from 2 gsurface,

The analysis of 57Fe mass transfer zone in Ti using the TEM

troscopy shows that these elements formed solid solutions 1 main material out of th

range under {nvestigation. It may pe possible onlY¥s if the g of the shock wave, ar e mass-transfer zone after t

ment-redistripution processes occur on an atom 1evel under mags-transfer zone'cau:eshzytyﬁical structural §r0p::::;
shock compression. In the c:

en
-dynamic pressure. generation of large- -amplitude shock
-waves, initiat
ing the

with changing deformation conditions of Cu samples will tallization processes, th

coating during shock compression & degree of the residual : ' e formation of grain boundaries
mation was altered over & range from 20 to 4B¥. The redis
tion zone of Ni and Cu did not alter considerably due to t
ct, with the exception of decreasing its sizes prpportiona
the resldual—deformatlon degree from 100 to 25,ﬂm. The rell
obtained may be explained on the basis of the agsumption,
the unloading processes, determining the residual deforma’

. for both the mai
se testify a hith::z:ial and ‘mass-transfer zone is '
_preferential effect of°:nt?: mess-transfer zone ror::::rw

on this pro creasing shock- -
ews to pripo::s:.m§::18231Ysis of the obse:v::v:epr;ssu-
ng-pressure front of th or atomic redistribution gu ari-
tion over the crystal e shock wave in proportion Ier the
ularitips revealed. . Such a hypothesis allows to e:pi::

n

It sh
nass~transfer zone, formezuid be noted, that in the c
traces and a eyond the ase
vaila shock wa

ained. Within the :1e recrystalization is not ve, tie defo-

nic agitation over :amework of a proposition succeeded to

: he inc concernin

oretical estim reasing shock g to-

at -wave

; ions and experimental result pressure front

8 are in a
gree-

gree during the experimental conditions, proceed afte
-transfer zone formation and decrease jts size. Changes i
ness of contacting Fe-Cu surfaces over a range of Rmax =0
gulted in an jncrease of the penetration depth of Fe from
25 . This seems to be connec cted with increasing
the contact zoneé for two metals when the shock wave tran
tnrough less dense contacting medium of the rough surfae
It is established that changes in stacking-fault 3

Co alloys with changes in Ni content result in @8 proport
rease of the penetration depth of Ni atomic coating whi
to gransmitted shock wave having 40 GPa amplitude.
connected with changes in front configuration of incred
gure in Co alloys due to the dependence of the critical
of the phase transition on Ni-content. with transmittin
-waves, changes in dislocation density in Cu do not af!
siderably the penetration of Fe-atoms of coating.

Under conditions of the shock waves tran
~metal contact poundary (copper—tin, copper—zink) the M
fer zone, unlike the analogous phase one, Ob

rium thermal annealing conditions, fermed.
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_case of systems of {nfinite clusters (SIC)/6/ (componen

UNTLED PHENOMENOLOGICAL THEORY FOR TRANSPORT AND ELASTICT
PERTTES OF MATERIALS, OBTAINED BY EXPLOSIVE PRESSURE METH

hear moduli, B = '
) ’ 6 01/(;+ V1) for bulk moduli (V -Poissan's

3. Materials, produced f '
G.A.Babushkin : ’ Tom amorphous powders, have structu-

institute of Metallurgy, Ural Science Center of the USS 8 . ]
Academy of Sciences, Sverdlovsk, USSR rogiven by #ep =431(I+Ao + A§/2), A, = _(3_3)v2/(2“3)
‘ roduced of two-phase amorphous powders, have inclusions of

G "
in ball"-type (Figure, b) with GC and EEP (in linear appro-

For shaping hardly pressurable and amorphous powders dy Lon)

compaction methods are suitable, including explosive pressur
tnod (EPM)/I,2/. ' ‘

1. EPM~compaction of powders gives rise to some peculis
racteristics of the finished materials: I) initial propsrtie
materials of powder remsin in the volume of each powder part
2) surface properties of powder particles material change, 3
determines the formation of amorphous and high-imperfection
particle contacts, 4) formation of such kind of contacts off
the quantity and concentration of phases of composites.

2, The influence of EPM on the effective properties of
der materials is studied, The classification of possible 8
of materisls which are determined by the peculiarities of F
ven (see'Figure). Method of calculation of these propertie
terials obbained by EFM reduces t6 the consideration of the
ture determined by the peculiarities of EPM, to quantitat
stribution of concentrations between the phases and, to- T
ation of thickness of amorphous phase. This problem is co
with the procedure to determine characteristics of materi:
contact interaction of phases. The actuality of the last ]
underlined in /3,4/. : '

In this peper the restrictions in /3-5/ are put down
unified phenomenological theory for tramsport and elastic
ve properties (EEF) of composites is developed on the'b
/6,7/. The universality of the method is determined by &g
forms of expressions for GC and EEP for the case of MM ‘

2 {I+(3-Bg) (I-H/2)3 v (2 .m ) /T2 Y

v (X om=)/ [ e ()2l

’ I Y2 B o (3)
C'denctes contact layer with thic

' Kkness h; R - redius of pa-
licgifeczlve GC and EEP of the composite is determined bga
s where GC and EEP of inclusio
ns are given now b, 28
ons (3) and instead of v, i . 3y
t .
2 is asgumed that vl = (I&b?)3v2.

orphous SIC have structure whi
’ ch adequately i
; 8nd effective properties have VA shom dn w-
vAr 2 [1/(20)] (Rympp-2)2 '
T (28)] (2 y-ap B[R yAp-2 5 +25(1-v,)/v5] ]

V(% e 2

=%5) /[v2a(JZIv2+&:2vI)] . : )
&d'

- vV F Vpgeva/2) vV, -y -
=1 : I07V3/=h VatVa 3/2s V3=3kvyov,oH,

£ix O and 3 are related -
g ed
= to initial and contact phases,

er '

int:al:;t:btained by EFM from polycrystalline powders a

f\‘rp cle amorphous layers /I,2/ is realized. The
:»monophase materials obtained by EFPM, adequately is

.gure

g ’t;ai.'When th%ckness of a layer considered as a mat-

A f method ' /4/ with regard for field distortion

of =X otVa(® 2 ) [T +2,/(2 v

ped. However the thickness: of ; t 20 *icva)J -
pe . contact 1 f

- ayer may be
and EEP are given by (I), where now concentration

(volume of particle
8, which. remai .
onnected with H by v;_'- ain their initial pro-

are metallic) » _ polycrystalline mixtur;
2, =% {QM(I/;)AZ [;1—(3-B)xIx2/_ [ (ey=p) et (2-B)
A= (-BIVLee,-%)/ [ ov(2-B)e ]

(T 3
(Ihf/i) Vo+ By consolidation
: ' » which corresponds to matrix
u;g, e), we find properties of MM, where the matrix {s
:rticlea, which have largest concentration.
a:: of BIC (Figure, f) one mgy find properties sach
(h;:a, formed of the particles of single sort, -
,_n g;ly imperfectioned) contaets are caused by ﬁla‘
e:;%:fLPigh pressure of impact (detonation) waves,
nitted energy and high concentration 1 a-
! :  ond &h concentration of unbaia-

X g gmity= () /(20) s Xy=Z X vy Tge 2 W/ ®y vl =Ty
where )¢ - GC or EEP, v ~ bulk fraction of phase, suffi
denote die and inclusions, B = O for GC, B = (9_150i}
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hich. i
ich.is shown in Figure, aj and according to the equation (I)




0;

-References

Poman 0.B., Topo6uos B.T. Teop
IIPECCOBAHMA NODONKOBHX MATEpH

I'VA ¥ 3alMTHHX HOKDHTH:
Munck, 1984, - C.3-I2.

MeTALINIBCKUX CIUIABOB /.
M.: Hayxa, 1984, - C,I127-130,
~ Paituenxo AM., Temop

CTH HBYXKOMIOHEHTHHX M6
JUIOB ¥ MOTALIOBHIOHHE.,

Bkorochod V.V, Metody vipodtu f
zovich slinutych slitin pe zPet
ITI. Int.Konferenz
ry, 1970, S.29-4I,

Sapuwnar 0,11, Bimamve Ty
TOB C HEOTDaHWYeHHO# BlauMHOH
Eogomxonmclécowmo

3
2 3UTOB /?Hopo

Badymamn T.A, 3ddexTvnmme wr
TH8 MOIYJIM MHOTOKOMIIGHEHTHHX MaTe
stell % und Eigenschaften pulve
Bd. 2t VIII. Internat. Pulvermet,
8. I49-1I63, .

Badymenn T.A. Yapyrue Mé,nym MHOT
K&IMGTaJIJIOB ¥ MeTALIOBOIGHUe, & I

CBEDXOHCTDAS -3aKAJKA FUTKIX CILIAB
MeTamryprus, 1986, - 376 c.

.
s

elem
liber Pulvermetall

Mutun B,C., Bacmines B.A, liopomkopas mer

ueHKo 1.M. O BHUmCIeHUEM 3
TaLIOKePaAMITUSCKRITX T8
~-19%60, - 9,

HOTHYECKNO KOMIMIMEHTH 1
uaioB //G

eta
Tag

see:

T IIOPOMKOBOH# MeT
Marepuann BeeconsHo# KOH(. ,

BHIl, 6., - C, 8I5

yzikalnich vlastnosti dvoufs- -
na jejich strukturu //
urgie, CSSR, Karlovy Va-

ch vacancies, The thickness of contact layer may be estimated

3 (I) and (2). The amorphous contacts affect essentially the ef-
ective GC and EEP due to large difference in properties of poly~ -
rysbelline and amorphous medis /8/ and strong interrelation bet-
gon these properties, for example, between strength of particles
ohesion and concentration of the unbalanced

vacancies /9/.

6THY6CKIE OCHOBH MMIyJALCHOI'O
anoB
0OTHA TEOPSTHUYBCKMX NpOGTEM B 061aC

Hccnenosamme n pas3pa-
q.ng

JLTYDIUA aMOPEHHX

AvODJHHE MeTAaLmYeCkne MATeDHATH -—

SKTDOHIPOBONHO-
dusuka MaTa-
822,

8MOHHOT'0 B3aUMONSHCTBUA KOMIOHEH-
DBCTBODUMOCTHI HA HDOBOIMMOCTE
IKOBasA MOTALIYPINHA, -

I980, -

Tundlagen, Hggzm
llurgischer Werkstoffe,
ung, DDR, Dresden, 985, -

HHX Marepuanos // Ousn-
- &1, Bun.6.-C.I103~

oB /llox peg. I'.Tepvana, —

Badymxms T.A, ﬂ}i@yBﬂO&ﬂw—-meTﬂ}GCKHﬁ MEXEHN3M CLSILIeHIA
OPONKOBOT'O TOKDPHTUA ¢ OCHOBOHR // i H, IOPUKI, MOXaHUKY |
ToXH. Quaukn, - 1986, - S I, - C. I ~-133. :

e8 of powder materials structur
hous (a~c) and polycrystalline (d
mono-phases powders, 2 - pores;

us phases of atoms of ¢
ure of atoms of ty
ntrations, corre
-Figure, e,.For mo

155

powders by concentrations, corre
h-imperfectioned polycrystalline)
c~phases powders , correspond to SIC

pressure of two-phases powd
ond to MM, 1 aund 2 -~ polycrystallin

b -

e

ype 1 and of type 2, C
pes 1 and 2; f - under pres
spond to SIC, the designations
re simple form the pores are not considered,

es obtained by EPM from
f) powders: a - under pres-

under pressure of two-

spond to MM, 3-amorphous
layer; ¢ - under pressu-
; d -~ under pressure of
C - contatt amorphous
ers by coucentrations,

phases, C1 and C2 -

1o-8marphous pha-
re of powders
are the same as




THE SHEAR. LOCALIZATION AT EXPLOSIVE COMPACTION OF RAPIDLY

) ed by variation: e
SOLIDIFIED METAL POWDERS e 5 - ; :jcjgbthe efplosive iayer thickneSs f{ (5 %B am. 1
' and the container wall thickness éﬂ :
] V.F.Nesterenko, S.A.Pershin ‘ :characterized additionally by the wid . y which
Special Design Office of High Rate Hydrodynamics £ ) Experirn-ent ) width of o #2ap filled with
Siberian Division of the USSR Academy of Sciences s have shown the different materialg o
‘Novosibirsk, USSR 4 metallic container not to essentiall T

The dynamic compaction of high-strength metal alloy powde

has attracted recently a considerable deal of attention [1].

.The shear localization (SL) phenomenon arising at explosiv ing the g, emergence in thig '
‘case as we

compaction of rapidly quenched powders in cylindrical containe thie materials., The sIL épp
. ears

only in the hap
leles of the fine. . har

dening process
#rained "Alnickon S8 of

is studied. The gl 1is to be avoided in most'cases of practicai
plications, because it results in formation of "stagnation" 2o 88 from 550 py

relative to the particle shear deformation, decreases the poss 2.5 cm; £ - O * oms t
s »

. i . It :
densities obtained and worsens the inter-particle bonding quali should be noteqg that

. . HY
Besides, rupture along the SL lines is possible (1, 2]. appears under more severe j} ') the localizeq
! . e oading param
The localization process develops in two scales. The inte The dependence of the sh . eters ( /g=3 cm) .
. e . ear amplitude
~particle shear (Fig_Ix) arises in a particle on the intense po  In.case of o from the compaction re..

S shown in Fig.3. ag’ fz’

compaction stage due to a peculiar local loading characteristi
augmentation due to the incre
increa

s

and can spread over adjoining areas. This shear originates in"’ sed pres-.

and defor atior rate it is fol lowed ¢ e Ncrease

r DY h

nelation Ooccurs also at l; >4 ¢
Cra,

Sults in

stress concentrators on the particle surface and inside the le of 8L gites

Another S, type is the trans-particle shear (Fig.Z!) noted earli when the amplitude decpe.

the lowered number of sy, si

tes (l‘"ig.s)_

for ceramic powders [3,4] . It devélops in the layer adjacent ned by This can pe

a corfnsiderable heat liberaty

the container wall and proceeds through the whole of the specl nd formation of pi on'on the part
. ) . < ias

icle boundn

The following parameters serve to describe this kind of shear: nifo .
g P ' . ! ; arm deformatlon. A series of e .
number of shears and E:-Z;E"//V . - mean shear amplitude, whi bowder mixture Xperiments were performeq
: S compoes . 2

ailoy powder as

are determined from the microstructural analysis data of tran hickel

and on er Owdersg ( "‘Sﬂm r
1 pp ja d I

lasti action), which

se microsection metallographic specimen. ¢ layer located on the & Serves
‘ . 3 amorphous particl
In all experiments the internal radius of the container Tt is eviden: that pre-pent 1cle boundaries
‘ . mheating the po .
0.9 cm. The pressure of the shock wave entering the powder w nat ion, bowder can promate i

the heat’iny

N A 5

tPEree of the supes
X phe Figure is given at the end of the book bs surface layers op tpe
166
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tie latter determines the powder deformation characteristics,.

£ mm HV. e'ﬂm 1lows that this parameterb affects St as well. The following
¥ : g
) ;
300 200 fues of £ = 150 MM, &= 225 Mm and & = 220 um were obtained
0
80 the 2HCP alloy powder ( = 3.4 g/cms; (: 0.1 ¢cm, 'ﬁ:O.Qcm,
R (]
200 600 {00 1.8 cm) for the following three fractions Q,<40_,.,,,, B
100 ‘ < 0; <90mm; 50 < 03 < 110 gm, respectively. It has been
) I/ '25 20 ‘,b d that orientatlon of the plate-like particles (obtained by
3 ! i .
0 2% 6 /l,cm .

ding amorphous foils) also affects the St characteristics.

4 . ' E es th va(:tol-\s menti .
P ’ ') e O c¢roh e h for 7IKHCP ( 1 e T .
igo 3- D pendenc f micr ardn 52 Bnd g on However besid

0.I cmy, t=05cm f,= 4 g/cm”).

: 3 f Ni(I) and Cu(g)
1 of & on weight content o I
ﬁigét;enzgiﬁdgﬁgg (1=0Tecm t=0.9cn, jDo = 3.4 g/cm”, h
I.8 cm).

eto it might be directed.
ase of compaction using a centrally disposed mandrel, the con-
tions for SL' occurence are limited, S0 that is thin enough layer

wder is compacted, there is no SL altogether (Fig.s). .

The phenomenon described occurs at compacting flat specimens

& pm 4 \
200 2 Nesterenko V,F,, Potential of shock-wave methods for prepar-
ing and compact{ng rapidly gquenched materials // Combustion,
100 : _explosion and shock waves.-I985.- Vol.2T, No.6,<F.85-98.
Festerenko V,F, Heterogeneous heating of gorous materials at
-0 ¢ shock-wave deformation and criteria for obtaining solid com-
. 20

100t % pacts // Proc, of the 9-th Int.Conf., August I8-52.- 1986 .
. Novosibirsk.- 1986,-P,157-163, '

Explosive Compaction of Powders, State of art //

of the 9-th Int.Conf., August I8-22,~I986.- Novo-
~8ibirsk.~I986,-P,I69-I78, ) : )

‘Leonard R.W. et al, Advances in Explosive Powder Compacﬁion/
Proc. 2nd Int.Conf,HERF, Estes Park Co., USA.- F.8,3,.T,~
8.3.23,

Olson G,B. et al. Adiabatic Deformation and Strain Localizg
‘tion// Shock Waves and High-Strain-Rate Phenomena in Metal: .

Concepts and applications.-New Yoir—-i(—London:PTe*r'iLim"P;e'sss“,ifiﬁui’.m

. : =0
. TKHCP (17 = 0.I em:(I), 1, = O,
3 endence g£(t) for 7 I ’
1(%%;55 Eeg.s cmy R = 0.9 cm). .

‘Pa221 - 247,




MATERTALS UNDER DI ATERE 4 d wi and ¢ . :
. Wwith the sbTaight liges onfined to lower pressures
! s as.
V.I.Fostnov, S.8.Nabatov

Institute of Chemical Physics, the USSR Academy of “Sc

USSR

. ' , R4 under compression v the cell resistane
The present work discusses the experimental results on §8 . in 18 registered at the aries with tige The m3 @
electrical conductivity measurements in condensed materials tond electrode, moment the minikum

shock wavye reaches
posh the traditional shock-wave compression (for sulphur s

£968 on t
8t o inc .

he constant level R Tease smo-

- Rge With incps.

the

telydiff:rfnge botween Ry, and Ry 1

ﬁases abruptly by a—f 9 GPa. At about 29 Gg evels out o

d in the shock com actor of 2, Analysig @ the

fpendence of gppe rPFGSSiOn of 810, hag shoOf one

5 interleyers which ::istanCe stems from thewn that

compression (glass) to ngproad" the shocky the run substa & The abrupt changevfl uartz disinteco°11ng of hot

bismuth. . J the microblock tran : ' =P relationsifated 1ato nic-
The pressure profile was recorded with mesnganine deb sition into g hish-densii e brougnt

calibrated to IC0 GPa /1/.

quarts) and the quasiisentropic loading. In the gecond ‘me . Pmssure.

loading was performed in two wayst
g) placing the easily compressed material (sulphur
godium chloride) between rigid plates in which the shock”
geperated by metal strikers accelerated by the explosion
b) by using the property of materials with anomalous

Bﬁr compla

Valiue of
Procesgsges

op in g
the 9

Sulphur, iodine /2-4/, The plots of specific repista
function of the compression pressure (Fig.l) show an init
"decrease in é? , which subgequently reaches & nearly ¢
vel of ~ T0"2-I0"> ohmecm. The change in the dependence
occure at aboub 17-1I8 GPa for sulphur and at about I5 G?
dine, It is supposed that sulphur and iodine reach the
state.

Biemuth. The test sample of about 50 pm thick was
ween the glass plates. At pressures up to IS GPa glai

produce shock waves owing to the anomalous shock compr ' 2 a:zeNacl'tYPG materialg th
below the elasticity 1imit and the kinetic behavior du ch d:::;IBHCed relaxationec:Zo:t of
tion into the plastic state. As a result, loading wi se at th:PB einly  with the 5 nent;
proceed along the jsentrope. This experimental set-u : i ure of dynblock boundaries,.Tﬁfpear“
asible to derive, pased on a single run, the depends insurpics amic SXperiments op le
tance R on pressure, by snalogy with qne—cycle pressu) , and thuent to produce a transe 1de
and release, achieyed.on static apparatus. The p dep ime, in metalas brecludes any static :rb
R/R0 under static qompression, shown in Fig.2,b, € ’ , unbalan and other Bubstanceg ¢ -
stinct phase trensitions. Comparing this rglationsh > 1y &ffectced Phenomena, typicay ran-
ta (Fig.2,8), one can also see the transitions, alt the nature and masnitu:f

€

distinctly expressed. This is probably due %o the k.
ur of the Bi phase transformations in dynamic expel
present experiments reversed transitions have also

170 17
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0r 1 ) + A7
. | v,
-2t —b" 3 +
"‘l . 3 T > T y oo ]
_ 0 w4 60 s 100 p,GPa 2
Fig.I. Dependence of sulphur and icdine specific resistance on
namic pressures : + —
0 - sulphur, single loading; ¢ - sulphur, multiple loadingj A 1 PN
iodine, multiple loading. . !
-0 10 20 0 4 p gy :
+3.Q ~ p dependence for fused rtz
a B - P > quartaz
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- initial resistance of the sample, & - isentropic compre : ’ ; P
afld release (authors' data); b - static experiment. S v &’
»
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. \ cifi ne) de
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eXplosion energy, namely welde
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lity and life, Here,

trial application
4 joints treatment in order to
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20n68 most sugceptible to fracture initiaticn, in ehich high
ile welding stresses are geperated and numerous small geomet-
stress raisers (underguts, craters, rolls, etc,) are found. By
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tal, the plastic deformation zone

an
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o lastic deformation. The lst-
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_in industry are given in /2,3,4/. In particular, explosion treat
. ment results in qualitative changes in the failure mode of wel
étructures which are in contact with corroding media. For inst

ce, after explosion treatment, the pipes carrying hydrogen sul

de containing gas, fail in pipe base metal at a distance from th

weld, this corresponds o nagnitude and distribution pecul:ly

ties of RS and electrochemical potential (Fig.I).

When the local explosion treatment is used to improve th

1ded joint fatigue strength a considerable positive affect is

Potushkov V.G

distributd on LR o08kov A.4., Kudinov ¥

ded joints gntgﬁg\iaghcghe thickness Xf"éi‘i;ﬁﬁi effect of RS .

svaka, "T360, 1'%, pifriys. " Toeietencs. Koomatichiotaye
. ) - aya

Kudinov V.M., Trufiakoev

ters of e 1 _V.I. Petu
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G., ot al
aya svarka, 1976, N T ’ al, Parame-
1

ieving in
P.46-t§9, sgelded Joints,

ieved by inducing the favoursble biaxial compressive BS in th 'fmy

gtress concentration z0nes, as well ae by lowering. the level

acting in the direction of the working loads. Here, the explg 500 4

treatment positive effect manifests itself not only at the fa ) 2

crack initistion stege, but at its propagation stage as well, 480

2 ghows the fatigue curves for alloyed steel welded jointss 3 J
The explosion welding positive effect on brittie fracture 480

gistance is accounted for by the follbwins factorss the magni

of tensile RS is drastically lowered, the plastic deformation 470

- growth near the stress raisers is slowed down under load, the
ress intensity factors are decreased, the brittle transitio
tical temperature i3 lowered. The local zones of compressiV
dual stresses can form, which become barriers in the brittle 4§
propagation path.

The expilosion treatment leads to changes in gbeel struc
especially in the near zone of explosion, where the press
exceed those of o — y~-transition in iren (¥ I3 GPa). The'l
bon steels are characterized by puch positive factors a8 &
hardening, improved hardness 'and wear resistance and by nega
factors, i.e. increase of the brittle transition temperatu
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PHE PECULIARITIES OF STRUCTURAL AND PHASE TRANSFORMATIO
IN CAST IRON UNDER SHOCK-WAVE LOADING
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PECULTARITIES OF FORMATION OF METALLIZING LAYERS BY
SHOCK-WAVE LOADING OF POWDER MATERIALS AND THEIR MIX-
TURES ONTO METALLIC SUBSTRATES
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ALTERNATING PRESSUKE-INDUCED PHASE TRANSFORMATION
IH HARDMETALS ‘

(/1)) Blo

E. M. Chistzakov s V.N. Vinnichenko , AV, Belostotakiy3
I.M.Mukha

1Inatitute for Superhard Materials, :
2ndvanced Training Institute, 3Kiev Polytechnic Institu
uS.P.Korolev Plant

(101) we

" The effect of ultrasonic vibrations on physico-mechanica G&%uﬂCb
properties of a varlety of pardmetals is investigated. A hard
B 'metal grade, an intensity of ultrasonic waves, as well as an
posure time are found to effect greatly on the phase compos
of hardmetals causing changes in their physico-mechanical pre

perties.

, Investigations were done with specimens of BK2, BK3, 69 66 63 &0 57 5
BK20 and BK50 hardmetals., Intensity of ultrasonic waves 1nt ’ L a

ced into the specimens ranged from 100-10% to 120.10% J/m,

(111) plo

The results were analyzed using a combination of vario

ting procedures including X-ray diffraction analysis, elect

microscopy, metallographic tests, dilatometric, thermomagné

(0w

sistometric and durometric test techniques as well as a h
rature X-ray analysis and 1mpaét and strength tests. Math

processing of the data obtained was done on model M6000 e
' (101)d Lo

computer,

(200) ,6 o

The analysis of diffraction patterns from BK20 hardm

-received shows that a hexagonal modification of Co is' no

at all or is present in quantities which can not be detec

diffractometer (Fig.1).

Ultrasornic treatment causes changes in the phase ¢

g

e diff racto
Sr ultrg

of hardmetals; diffraction patterns from hardmetals e 60 57 54
trasonic waves fur 120 s exhibit d-Co 1ines indicating
Tagment of th

ase in a hexagonal Co. content in  binder phases of hard and (b) afy

ram
: Sonfc tr::t §K20 hci!‘d]ﬂ;_,tﬂl
the intensity of Jb-Co lines being somewhat attenuated w rvment

tifies, in its turn, the decrease in cibic Co contents
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A high—cobdlt BK50 hardmstal was taken as an example to
' , 8Xpog

gure o« ~Co content in pinder phases in hardmetals as a functi in BK;ge time on the

] ' - hardmeta} Phase transformgt

of the exposure time. It is found from the dilatograms that - ion of

content in a binder phase in a nontreated hardmetal is about
#

to 18%.
Ultrasonic treatment causes increase in o -Co content whi 1
. : 20
is the function of the exposure time. Thus, 60 s exposure dou 200 I7-18
220 2830
a -Co content, after 300 s exposure it rises 2.5-fold and 340 3334
% - 40 b3y
7200 s it triples (see Table), the interval of the phase tri 460-5 240 4948
‘ 80 474
mation being increased by 100 °C, 120 °C and 130 °c, respec I20 +8
: al f orces, I7~18
The beginning ‘and the completion of the phase transformatio s which suffice for o

an exposure time approaches 7200 s shift to higher temperat

by 60 9C and 180 C, respectively (as compared with that fo

treated hardmetals).
Because of the phase transrormation in a binder phasi

ced by ultrasonic waves: a relief specific for martensite

mation appears in sites of the phase occurrence (Fig.2 ),

e resul
Thus, ultrasonic treatment causes the phaae transfor ts °btained were uaed i,
or the

ce
of hardmetal tools 1FPPOngent of

‘the wear

rdmetal, extends an interv
Thus,

of Co in a binder phase in a ha .
los

Or triples the Wear resi

es

101' ex&mpl,. ultlasonic tlﬁat“‘

st
ance of solid hardnotal
nted-circuit boarde

phase transformation shifting it to higher températures.

sed b4
1t is shown that the hexagonal modification of Co in Or drilling holes 1g o1
: : r

v

to a great extent the crack propagation in these material

subsequent static or dynamic loading. Thus, slip bands
grains resulted from ultrasonic treatment of the hardme

the propagation direction of cracks which cross these b

a binder phase of ultrasonically treated hardmetals the

. pagation is restrained with clusters of stacking faults
g. -Co crystals. Co-interlayers in ultrasonically trea’
tals may arrest the crack propagation at all due to the

B

_1__-—-—-’—-——"-’ )
This Figure is given at the end of the book.

192 e
193




SHOCK-WAVE LOADING INFLUENCE ON CRYSTALLIZATION OF METALLIC

GLASSES ire changes. To limit the deformation

itie e fil i
8 were filled with liquid. In this case shock-wave loadi
-~ oading

dtmed circ ; \

: ular structure op the surface of the sampl

observed for 7I KNSR alloy /5/. 7o sinltar o
_Characteristic DTA curve for in

Eroding relaxation maximum at

. . of the surface its irregu-
A.A.Bondarenko, L.V.Kashkina, V.I.Kirko, A,A.Kusovnikov
Institute of Physics of Siberian Branch of the USSR Academy
of Sciences, Krasnoyarsk, USSR :

. itial alloys is shown in Fig,

~ 200°C
8 at temperature between 460~900° e o T part®

C are obse i
o v rved. The fir
- ponds to temperature of crystallization th e
: ifferent stages of crystalliza ’ ee

.
tion The SamplGB were heabed

tru
;ture.of the precipitated phasas,
n & loy is given in Table. It was shows

that the samples ke

pt amorph -
to 50 GPa. ot o
up to ~ I0° for the

We discuss here the advantages of powder dynamic compacting

. approach for preparation massive cpmponents from metallic glas
In this context the studying the structural changes in mqtalli
glasses caused by shock-wave loading is .of particular interest
is established that such a treatment influences the structure of
the alloys and may menifest itself in crystallization processe
changes /I-3/. ' ' ’
The aim of our research was to study influence of shock-¥
loading on crystallization of Fe-B metallic glasses, to compa f ization T. rose
results with those, received in static pressure experiments /4
We investigated FeI_XBX—type metallic glasses (X = 16-2’
which have been produced in the shape of films 25-30 pum thic 
10~20 mm in width by quenching from melt. Diagram of shock-wal
loading experiments with pressure ~ 50 GPa and duration I jus
shown in Fig.I. The pressure was created with a metal strike

The temperature of CIryge-

alloys investigated. The

uent crystallization stages did not shifg

pg X-ray differential anal, dia

ysis, composition of the pheses did

e 1 lfing (for F583B17 alloy),

o ey e FeryB a ;:at;on heat defined from'area un--

%;y did not changg agﬁe£6;hocﬁéw§3; f:ggiig.cgﬁizszziogs e

lization heat increase by g f;otgj Jf

et oo DTA-cur:nder the II ang Il .peaks to ‘ares

it tbls vets o e is shown in Fig, 2b. 4 slight rg-

Laren 1o er shock-wave loading due to decrease of
observed, which ig essential for Fe_. B ;

) 75825 alloy,

was thrown by explosive matter against a pocket of plates Wi
'mples between them. Pressure and residual deformation had be
checked. : .

Film samples were.studied with X-ray analysis, (CuKy
diation) and differential analysis (isochronous heating, spéd
deg./min to 900°C). Changes in surface were studied with !
scanning electron microscope, The film samples were glued:
surface of X-ray cuvette, waveness of film surface was not

The film samples were reduced to small fragments
ntial thermal analysis. We investigated the influence
shape on DTA curve shape and found, that f£ilm samples
tolerated for these measurements due to visible shift o
ture peak and changes in DTA~curves. atic conditions changes were observed

on

o temperaturé of ¢ :
- rystallization of -
68 by I5 K/GPa with static pr Ty amorphous N

) : i
Shock-wave loading may be o ocd by wazpinn inoresse in

At the same time
in the structure of
»ffactiog and chan-
e B-phﬂzf ?nd tetragonal » -
that this o 3 : 1s denser than a-
bhenomena is influenced by shoci~

ay analysis becomes com
! plicated d ¢
EeBB and Zﬁ—FeBB lines, e s

- The . reduction of to :
i ! total area up.
Il peaks in Fige2a,b which corresponds to de-

It was' found, that surface of samples changed essen due to lowering of Fe

rrelation between ortnorhombic o-Fe
the 2’-FeBB. So far ag

€ suppose,

ter shock-wave loading. We may see some narrowing of .the
‘ray diffraction curve peak after the influence of press
wave loading does not change the shape of DTA-curve, but
nges in position of crystallization peak.are seen. ,
Surface phenomena due to flowing sample msbter-in o

of the surface preduce difficulties during the ana]ysisa
194 '

195




M&
.

21'3 Yerifiesg thanges ipn O—Fe-jB/

omposition of FesB into Fe ang Feo
-Fe}B ratio,

.

g ., M o
Point of Number Phasge Compogition
) of g .
. pPeak
- Plates

. i o ‘ T
' | hon 1 ' I Fe + o-Fe B + ZFe_n . eENW
with sampe” ’\1—11""'711111 / | , ) 3

, - ///
A | f shock-wa 1 ading for FGB T ’
Di Tam ‘ ‘ O
Fig.I. ag O oc ve O B ax Ou

dH
at

k-wave loading wder presaypg of 50 GPa. we
rystallization changeg affer tn

eating que
en o—Fe3B and -Z’~F93E, 7~Fe

513 being predo-

a

V.I.Kirko, A.A.Kusovzukov et a3,
n the structure and magneti. characteristic of
allgys. The 23 Symposium on amorphous

ty 1983, A :

?

megnetigsy
bstracts, P.4T, o€ !
Eni, He Shou—An, H.Iwosaki, Y.Syono, T.Goto,
of an

amorphous (g alloy undep high Pressureg
68, Mat,R 91.3205 R ) )

Shock-wave 1om
700

- 300 500 0

S tial

| frvaz for Feg,Br, allloy:ag—-—) in initi
e 2)8' snggegged with shgék-gave loading.

(~~—=) & t : |

. °
Si+Se , ; » EeY.Malinocns, Y.DMarkelov, Iniyence of
SI 5] ® ading on structure and properties of F°60519OB20

Isv. Acagq, Soc, USSR, Metals, I986, N 2y D.
® S.Endo, M.Kirita.ni, F.E.En;jita, A.Fukisava. Effect
10 1_ Sure on the cr:ystalliz‘ation of amorphoug Fg-p alloys,
J. Appl, Ph, Vo3| 23, N2, 1984, p.I427145.

S.Iskhakov, V.I.Kirko, A.A.Kuso\mikov et al. Invegty
changes in microstructure of am

ve loading. The IXth Int, Conr High Energy Effect Rgte [¢4]
tﬁrials, Novosibirs.k, 1986, P70-71,

' ' : l .0

. | I |
] | ‘ 7
|f6' T /8 20 22 4t
and i p
Relation between areas under Il a
‘Fig.2bs

i i ¢ 1 ] £ tic £ B 7
an area under Is pea ( ) as a ‘lulC ion o } conee!
initial .) and treated. (() allOVS.
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NUMERICAL MODELLING OF TWO-DIMENSIONAL ELASTIC/VISCO-PLASTT
DEFORMATION OF MATERTALS AJ DYNAMIC LOADS

Y, <K sign (6)[16] - 6

cI

Bedeil g . VC+VCI.] (Vc + Vco).
s.Kaliski Institute of Plasma Physics and Laser Microfusiou Vc =0 ' for ]5|<-5 vﬁI ’
P.0.Box 49, 00-908, Warsaw, Poland ) 0 S —
o | vo=-L _ I YetVer
T, Introduction L E

The paper presents exemplary results of numerical calculd
ons dealing with deformation and acceleration of metal layers by
the explosive material (phenomena of the so called classical
reverse cu.mmulation). Those results were achieved by means of
pumerical code which was besed on the 80 called "method of fre
particles” /1,27 This code enables to solve non-stationary, t
dimensional problems of explosive materials detonation, reacti
between detonation waves and solid bodies and deformation . &l
celeration of these bodies /334,5,6/4

V. is fh

c & specific

8 . > vol

©lid body phase, K, V ume of cracks,
cI? 0

Computer
experime
nts showed that the depend
ences of the
Vig~

9 a is_the de oy
o? Vco ~ constants, nsity of

very impo o o (R
portant for achieving

8 achiev
ed 8¢ far were the ones inand éxperiment, The beg

eT_ [Pﬂ * 8]

24 Mathematical-physical formulation of the problem : Ver, the limitation
: o

The detonating explosive material was described by clat

equations of gas dynamics and by semi-empirical equations @ Y- F; pE = ¥y 7 ,9/1
The body loaded by the pressure of detonation products ’z sNe By P =g (
the shown examples, & COpper cummulative liner with the obb *» T7$’ V)
gle of 150° (Fig. ¥ ~the go called reverse cummulation) and !
(Fig.2--classical cummulation). ¢ presented mode] and .
Previous experiences /1,2/ indicated that, i : B?lutions of cmnmulatr,lumen"al code emable to
vo'... qualitative and quantitative compatibility between the big deformations and ;On theory problems (incla:;hieve “r-
and experiment, the description should include as follows? 9 dependences: 9 = (Tragmentations). uding phases
- general equations of the theory of elastic/visco=p ce for achieving qullant? and Y, m, N =f(V)n
- phenomenological model of cracks forming in solid ahd experimental result;slt;:vz compatibiligy o;v:h: i;;eat
° e eora

nvestigated,

Constitutive relations are as followst They should be tPendenCes mentioned ghove

ossi
sible solutions of the PrObll‘eated, at presge
em, ‘

<

5.4 at, as one

R I ” ) .
2p (Egem 3 €11 0nd " o P In the )
e conditions of co.

} 1y between .
, ; the the author th

\[—%Y q*) ; heory ang expe i ‘ (;y shIowed 800d ¢ om-
[“.“‘"“‘“ i 7 : © Va8 Ip ~ theor;

; V8iBix 7,
The dependence of Y and p on plastic deformation, pressf,
wperature was adopted according to the Steinberg model,
of torming and growth of cracks was adopted 1ike in /7

¢=1-

lach, E.Wlo

ach, Pi) darczyk, J.Techn,Pph

echy, PMIF, 1987, o Ny S., 1986, 27 .o
. » ~C
50}131‘."’.‘3" el al,, Strue
f Lect s, 1_98/4” '[:ru(,t;u
erj"‘ipv.‘?l-’,y' ot » @

JU———
. ral Iwpact ,
¥ qpe Figure is given ab the end of the book J - and Crashworbhine o
- al, ) .
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PHASE TRANSITIONS AND CRITICAL PHENTMENA N
LIGLED CRYSTALS AT HIGH PRESSURE

R. SHASHIDHAR
Raman Research Institute
., Bangaiore 560080, India

ct.. - Liquid crystals are amangst thg mast interesting condensed states aof
r-Some important advances in high pressure research on phase transitions
itical phenomena in liquid crystéls are reviewed. Anologies with similar pheno-
observed in other areas of condensed matter physics like magnetic systems
psrconductors are discussed.

Liguid crystals belong to a state of matter which is intermediate between
ully -ordered crystalline solid and completely disordered isotropic liquid {1}
crystals are amongst the most. interesti@ condensed states .of matter. It
realised that insights gained into their properties can help us to understand
condensed phases that exist in nature. In all condensed phases there are ther-
xcited fluctuations, Depending on the spatial dimensions, symmetry and
XISy srims '"'""""t

of iinter particle interactions, these fluctuations play a major role in deter-
HR T - : :

the . propecties of condensed matter. In some materials, the fluctuations

~pay ‘an important role and the properties can be understood by means of
n'field theory. In some other materials the fluctuations alter the properties '
bundly in the vicinity of phase transitions. This is the class of phase changes

are known as critical phenomena. Thanks to the recent outstanding theoretical

Camir i s mrigeee et pments ‘due to Kadanoff, Fisher and Wilson, there has been a considerable

1 R"“—;:;:k worNTUBLI N IRRUIE
3 - itvement in the understanding of the phase transitions and critical phenaroena.
or this reason that an understanding of the phase transitions in liquid crystals

sidered an important advancement in condensed matter physics. The purpose

 article is to give an overview of the important discoveries and developrricnts
ave been achleved in phase transitions in tliquid crystals usmg high pressure
obe.

1 symmetr,
lation —<o = 60Y, cylindrica
1;381;21 %%als)ilgai. iﬁ:;ac) t = 20 pey d) & = 33 usy e) t

We shail be concerned here only with the three simplest fypes of liguid cry-
2., the nematic, smectic A and smectic C liquid crystals. The molecular
in_‘these phases is schematically represented in Fig. 1. The nematic tiquid
(Fig.1a) has long range orientationat order, but no long range position::
The smectic A and C liquid crystals are layered in one-dimension, i.e., the
200 201




have nematic order condined wi a one-~gimensiona ns e aiong e l‘/ v g e transitior goes tao zero at T
) ti » . . 1 1 e volume chan
v 5] H ¥ th d density wav the di e at th r t

chis in good agreement with theory.
fa tricritical point for the

AN/TNI::,J,B9 (Fig.3)
There have also been Féports on the observa-

smectic A-nematic transition t11,12].

or. The -mnolecules are orthogonal in the case of the former and tilted in the¢
g

if the latter (Figs. 1b & c),

e -8 C T 1 er y w T rder while
The neratic-isotropic transitic is gene all eakly first orde e’
smectic A -nematic (A‘N) transition can be either irst order or second U[dE’
fhe smectic A-smectic ( transition whic Is Y er 1S Suppos!

e sIme 3 hich always second ord uppo

i iti in Heliu
belong to the same universality class- as the superfluid transition in
3 5

range of the nematic phase decreases (i
ecreasing TAN/rNI) this coupling gets weaker and the A-N transition becor
order. Experiments to determine the ex

N
neés
ponents associated with the A-N
. . i i first order transitio 1 o . :

The nematic-smectic C transition is a fluctuation driven 1on . near the tricritical point are underwa

on'the expected helium-like crit

crossover. Indeed such a Cross-
observed
as been seen

/Very recently in binary liquid crystal mixtures at atmospheric
re [13]. '

| na’ in. y. These data should throw mare
Lo s o ‘
It is therefore clear that the potentialities for multicritical phenom

° o i ~tricritical
crystals is very ric The field is Ielatlvely ew and it is EXBC“)’ ere that cal-t

P e ery u . nury r of imporia 18 ries nave been:
Tes5ul cames In v seful. A be m t discove ave beer ‘
b)’ S[Udyl' 1] lquld cr VSta“l e transitions at hig pressure [5]- I shall e U’/
ere o })’ three o these, viz., the smectic A-nematic tricr itical behavid R
' ’ i he Reent
reeniral nemat henomenon and tt nematic-smectic A-smectic C multic -
t t iC P e a t

pressure-temperature (P-T)
paint.

ram - for 1&-n-octyloxy-ls'-cyanobiphenyl, a material with a strongly polar cyano

oup.” This diagram which is reproduced in Fig.4 showed that the A-N phase
ary curled back tbwards the temperature axis.
e in the pressure range of 1.6-1.8 kbar,

be nematic - smectic A

A. The Smectic A-Nematic Tricritical Point

» she observed
: a consequence hi

f Y £30d quence 0 tlansiu:ons on CGD“Hg
nted t by de Gennes. The vector potential of the superﬂuxd corr : l the se l ‘
irst pOi ted ou . 5 . - e f
to t d t n molecular direction) of the smectic A while the supe CO: 8 second or lower tern;:s t
o e director (mea 1 1 H 2 1 h T - nematic..Th
hi 1 ( lecus

has: been dgsignated 8s the "Reentrant Nematic Phase".

i meter -of ‘
ing order parameter corresponds to the translational order para  ——

i setr
A. The tricritical point is defined as that at which the order aof a pha

The appearance of
less ‘ordered nematic phase at a lower temperature®

raises
asic questions for the understanding of liquid crystals,

. . ich isno
chqn‘ges. from first to second order under the influence of a field Whlch‘ !s/’:w
tly coupled to the order [6]. The possibility of observing the smectic A=
A ' i i 7 ho
{A-N) tricritical point was pointed out theoretically by McMillan [7] wi

It is interesting that -
rphenomenon has been predicted theoretically [15] and

found experimentally
superconductors,

tio -of  H i is i i )
that the A-N transition should become second order when the rati ince this important discovery of Cladis,

Ethesized ‘which exhibit the reentrant nem
Exhaustive pressure studies [17,18] have
se have led to two

T - - S gl erials have
and ematic sotropic I) transitio temperatures ‘is less than 0.88 ge number of nat

pheric p: ure
Y Tess!
observation of a tricritica!l p()!(t in a ll(]Uld crystal usi i l(_]' pressure t phase at atmospt ¥

been conducted on such materials
important observations. (i) The A

fly shaped. (A typical P-T diagram is shown in Fig.5)

i the basis of their medsu
was by Keyes, Weston and Daniels [8] who on f

e ensi T el ritica i ary is
intensity of trans itted ight identi d a tricritical point for tt N phase bound

and (i) the maximum
- > cholesteric: P} upt ich ic i i i
A -cholesteric transition in cholesteryl oleyl carbonate. (The chole 'm) P to which the smectic A exists at high pressure is related o the

on. szpoexp(_-mR),
and m are empirical constants which depend an the ‘mol

‘ ( ) essure by the expressi
th a >lical e sup

fon.) This result was confirmed by DTA studies of Shashidhar and Chan
tion. 1 as

ecular structure
[97 and by the volumetric, studies of Shichijyo, Okamoto and Takemura

substances. This
5 a coupling between smectic andg

validity of this relation ‘has been confirmed for over 30

i i ition dim Universal-like relation which indicate
former studies showed that the heat associated with the transiti ‘ )

feriti A i ile esults of Shichijyo et oiders is not explained by any of the existing thecries so far.
approaching the tricritical point (Fig. 2) while the re ’

2073
202




. matic ystem a hlgh pressure ("h(’l .
€] t
Anoiher drarnatic man festation of the cot Hr between the n ti onent” s
et 1 P 1l

and to
. the ‘concept of universality ne

‘ V’UC a point. his was in fact acl ieved
C I l'inA e ant ematic sys S 18 S g '
E

800N,
the major axis the ellipt S yed A~ hase bounda s paralilel to e n
8 Is para to tt Elly
lp ic ha; [ N P! y
8)

Fig:7 -shows the' complete P-T diagram of a single component liguid erye

re initially strai

isotropic (N-I hase M. n rent sysiem d 1a il of
diffe YySt s showed t t the tilt
opic ( ) pha line. Studies o
§ 1 a exactly the same as a { i - e a oug e §
major axis s in ct exactl thatjthe N-I 1 Ithi b thi ys'
\s Wi dely Tom systemn o system. [ . his is perhaps e mao striking
ary 1 f t t |9l t th 5t trik

f the existence of a ron 1! ng between smectic and nemati orderin
of t e t st g CO Jpll g t c

tal.
B NA and AC phase boundaries a ght, but they curl up dramatic

Join-at the NAC point. Fig.8 shows -the high resolution dats c

diate vicinity of the NAC point [24). The strikin
is evident.

ally
ollectert in the
g sﬁnilazrity between Figs.6
Quantitative similarity between the two phase diagrems was exami-
y fitting the P-T data for ‘the NA, NC and AC ph
e following expressions (which are

effect of such a (‘()U')‘Hl([ on the phase (haqram as not been pledlClEd theore

’ 1se bou daries llldl\/!("Ui“y
218l ade to accou
er 1r lglC ] approache ar g

similar to those - used by Johnsor's group
. i al observations.
experimental obsel

6t that X is replaced by P):

Recently doubly reentrar nd even triply -reentr t polyr orpnt 3!
y ub Y ant a ply a Y! vism 1
\ P

o b eg » NA NA( NAC PNA) N B< NAC ~ F' ) ) . ( ri)
0 is T ETE. ere have been t C :

2 However, w hall not discuss the h TH h thi '
repor ted [ At OWEVET, e S ‘ i

el ts to Xpléin he or Igl v of the reentrant ne vatic behavior at -a l»O A

attempts > t

nNC
- = 7e)

Ne T Pnac) ¢ (1b)
itati d a complete qu _ |
ty qualitatively an v e |
have been successful on ' ] : _ - | ‘
level.. However these ha h rious aspects of the reentrant nematic phen TAC TNAC VAAC(pNAC pAC) . B(pNAC PAC) . .
tive understanding of the va » :
still eludes us.

\ .
omputations carried out in this manner gave exponents

and YhC:T.SZ}zU.DZ. These are, within t}
ose evaluated by Johng

| TNA T Mopg=0-575 »
C. The Nematic-Smectic A-Smectic C Multieritical Point

he statistical uncertainties, the same
A:nCN:O.SUzD.ﬂZ, T]Ac:l.SZt(}.DZ).,

alues obtained from™ the P-T diagram of a
ponent  system agree so closely with ti

R . NAC
tic-smectic ‘A-smectic C multicritical point or the ’
The nematic- > T
f hort, is by definition a point in temmperature concentratio ;
or short, )

single
e AN, NC and AC phase boundaries ' ' wse. evaluated frmm' the T-X dj
ternperature (P-T) plane at which r_binary mixtures shows that the NAC point exhibits universal behavior. A
b orthy feature about the universality behaviar

re the same ag

agrarns
iti i int. three " p
h h being second order transitions at this point. The

all the three

) i . is its simplicity - sealing
. L t the NAC multicritical point. (In contrast:at § i3 simplicity - the scaling
therefore indistinguishable a : ental axes (P and T or X and T)
Recently it has
or holds even when the sequence
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IV = PRESSURE - TEMPERATURE-PHASE DTAGRAMS

The possibility of induc¢ing a mesophase for a discotic mesogen which
is nonmesomorphic under atmospheric pressure, by increasing pressure was
bointed out by Chandrasekhar et al. on a benzene derivative (I,[C1]). A
virtual transition is then induced under atmospheric pressure, the tempera=
ture of which is in agreement’ with miscibility diagram studies [207] .

8ounded columnar mesophases was found'for a benzene derivative (II e
and for truxene derivatives (III : 9-4:] , v [4] , VII : E3]). Ra
et al. [47] nave pointed out on compounds II1 and IV the interesting resul
that first the character of the transition changes from enantiotropic .to mo
trop1& by increasing pressure and second %F data for the mesophase = isol
1iquid transitions are nearly equal to zero over the entire range of pressy
investigated. However, Gasparoux at al. have not observed, on compound 11

phase behaviours [37] .

By studying the influence of pressure on the stabjlity of the diffe
mesophases compared with the effect of increasing chain length on t(uxé e
tives (VIII to XII), it was shown [B, 2[] that the nature of the transit!
-change from monotropic to enantiotropic. For the lower studied term in tﬁ
(VII1) the ND-Drd transition is monotropic over the entire range of ‘pre
tigated. For higher terms (IX to XII) the Ny-B 4 transition becomes ena
over the entire range of pressure investigated. More, for a given compo
nature of the transition can also by change by pressure from monotrop:
tropic (as for rod-like molecules 7, 17]). This is the case for the D
sition of the compounds IX to XII thereby giving rise to a solid-nem
columnar triple point. More ‘the P-T phase diaérams let predict other
and perhaps maximums for the equilibrium cufves between Dh and ND'or
been already seen for calamitic mesogens [2Z] .

y - THERMODYNAMIC DATA

The study of the P-T diagrams of the truxene homoliogous series
that the 35 data for the K - Dy, 0y - Ny and Ny - Dpq transt
alternate with the number of carbon atoms in the alkyl end chain {
similar to the well known "sdd-even" effect for the temperatures t
[ﬁ] . These results are compare to those obtained by Feyz and KUss
for the clearing transitions of some rod-1ike molecules.

From the slopes of the P-T diagrams, the molar volumes ;han

atmospheric pressure can be calculated on using the Clausius

relation %; = %% T247 . Meglecting the cases whare the ex
216
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spinodal and at critical point correspondingly. The last tern
(1) describes interaction of the order parameter S with thé 
ternal field h, In general h w (P - P*) ~b(T - T*) N where?i
is pressure at the spinodal, i.e, P’ and T* are assosiated wi
some point at the spinodal 1ine and b =dP/>T - is an’ individu
for every substance (1liquid crystal) constant,
In the mean-field theory one has the following represent
‘tions for the various physical quantities of the metastable 1
id crystal: ,
a) heat capacity at constant field Chﬂ'(P - P*)'“}
b) order parameter at the line of constant field in the
. tastable region S~ (P - P*)p A )
¢) susceptibility at constant field X h (P - P*)_K’{
d) correlation‘length at the line of constant field

W
e - P
e) order parameter at fixed temperature (T = T*)
S~ (P~

where & = p = x = 1/2, Vu 1/4, §= 2 - are pseudocritical ex|
nents. For metastable fluids these exponents were calculated:
' By means of & = 6 - d expansion method one can show /4/
at first order in & o=y s (1 +&/8)/2, pP= (1 -&/8)/2, Vv
(1 +&/8)/b, 6= 2(1 +£/8), or if dwé g3 2= = 11/16,
p = 5/18, § w1176, V= 11732, _ , .‘ »
Basing on the analysis of the Ginzburg criterion one can

show that mean-field tpeétment of the metastable liquid crysta

is correct if

*
_,_i/}_._z. ca P-p)
b -b |- D P
In every case one .needs an experimental verification of this las
inequality when uses Landau- de Gennes - type theory for the d
cription of the N - I phase transition. :

Fractal clusters in metastable liquid crystals, The struc
re of clusters of the new phase occuring in the metastable lidu
crystal state is characterised by the fractal dimension D. Bec
use of well-known result that D = d —J3/U one has that in meta
stable liquid crystals Dx 2,09, Such a small value of D in thi
case means that clusters of the new phase are very ramified ob

Jects,




EFFECT CF PRESSURE ON. LIGUID CRYSTALS OF AQUEOUS UNSATURAT
- PHOSPHOLIPIDS

’

rk and type IIa d
iamond for infrared’
I : work . .
the samples were measured at 28 °¢ on a Bﬁi:m ;Zi:ir;ZBSPGCtra
02 Fue

ler transform
; spectrophotometer and
Ra
Zh a8 Coherent Radiation CRL- eser smevariny oxited
4.5 nm,

P.T.T. Wong

pivision of Chemistry, Nationaé Research Council of Canada
ott Ontario, Canada KIA OR
Buas DtETER 12 Ar* ion laser operating at

The d
€ detection aystem included a Spex Model 1877 TRIP

EMATE monochr
omator, a Tracor
channel detector, Northern TN-6122 intensified mul~

! and a Tracor

# * Northern TN-

Bczz:r. Details of the high pressure infrar171o 2 R el

stoplc measurements have been given previ
ou

Infrared and Raman-spectré of aqueous bilayer dispersions
1.2-dioleoyl—gg-glycero—3-phosphocholine (DOPC) have been measu

as a function of pressure. A transformation from a highly diss¢ : .
ed and Raman spect.-

red liquid crystalline phase to & highly ordered gel phase is i
q y sly /1,2/.

duced by exterhal pressure, which 1is the result of pressure-i'

'  Results and DIBCussién
ced intrachain conformational and ;nterchain reorientational or

:iozhzﬁgressure profiles of Raman Spec
g disper:re infrared apectra in the C
ons of : :

e o bzgicia:e shown in Figs, 1 and 2, respectivel
e ety n nirared and Raman spéctra at 5 kbaf 1e "
s o2 Dore. ira::i:ranaition in the liquid crystallinen‘

? Ntmalisiion ion is also evident from the ‘disconti
e o instanc: ::ure dependences of al] the spectral i
g (Fig.3)‘ N e frequency shift of the infrared

: ed ben-

dering processes. The changes in the configuration of the unsgl tra in the CH stretching

rated hydrocarbon chains and the interchain packing at the ¢ H2 bending region of a
2 \qu-

cal pressure are discussed on the basis of the present spectr
pic results.

1. Introduction

Liquid crystals of aqueous unsaturated phospholipids are
major component of biomembranes in most bacterial and mammé
cells. In the present paper, we present the results of an:i
and Raman spectroscopic study of pressgure effects on the s
ral and dynamic properties of a modellbiomembrane. the liqu
stalline phase of aqueous bilayer dispersions of DOPC in'w ’
cis double bond is in the middle of both hydrocarbon chéip q crystalline phase is als The disqrdered struéture in the
se results may help to elucidate the. molecular mechanism un ; o e :
ing biomembrane adaption to the stress of pressure in deep-

rine organisms. is

the liquid crystalline phase

C stretchin
» 1094 and 1063 cm~1 g band of the all trans

he intensities are extremely weak. Ab
ng whereas t;: of the trans c-c stretching bands bzzz ;
ﬂ 1t the Ra Eagche c-C stretching band can be h me ve-
man spectra, Therefore, above 5 Kbar thardly re-
) e con-

2., Experimental ’ he intensities of the c-
High purity DOPC was obtained from Avanti Polar Lipids
mingham, AL). Fully hydrated lipid dispersions in D,0 (Me
& Dohme,-Montreal, Canada) were prepared by- vortexing 1ip
mixtures in a closed vial at room temperature. After imme
ezing of the sample in dry ice, the vortex/freeze cycle w . _
repeated twice, Homogeneous dispersions were then placed 8% Qered phase of the biomembrane 1 DOPC become highly ordered,

”temperature together with powdered internal pressure-call dkto as the gel phase. ) ¢ liquid crystal is generally
a 0.37 mm diameter hole on a 0.23 mm, thick stainless ste
ket mounted on a diamond anvil cell as described previg
The internal pressure calibrants are ruby powder and ol =f 28g methylene chain segments on both'éi: he gel
es of the

a bent struc-
guration of the hydrocarban

der for Raman and infrared spectroscopy /2/' respeCtivel : b°ﬁd o ceen 2 erocarbon ey boec
| resence of this bent confi o
224 e
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ig. 2. Stacked contour plots of infrared spectra of aqueous
OPC in the CH, bending region,

Fig. 1. Stacked contour plots of Raman %pectra of aqueous
DOPC in the CH stretching region.
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Fig. 3. Pressure dependence of the frequency of the CH2 ben-~ e
ding mode.
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chains above 5 kbar 1s ‘also consistent with tne dramatic decrea.
in the frequency of the C=C stretching mode (Fig.5). This dec-
ase in the C=C stretching frequency at 5 kbar is the result of

eemen 4o 23 Kbor N

4. 66 Kbar // s e elongation of the C=C double pond arising from the strong re-
*__.-—-5 04 Kbar I \\ lsion force between the hydrogen-atoms of the adjacent CH2 gro-
""" - / \} $.on both sides of the double bond in the bent configuration,

1 Reorientational fluctuations of the hydrocarbon chains and

e lipid molecules in the g21 phase are completely damped at
kbar, since reorientation fluctuations of a bent chain would
Cupy more space than a straight chain, Thus; reorientationsi
Uctuations are forbidden when the disordered straight chains of
PC in the liquid crystallinF phase transform into the ordered
chainsg in the gel phase a%t 5 kbar, ) .
There is no correlation field splitting of the CH2 bending
in the highly ordered gel phase (Fig.2). Therefore, in this
nase the orientation of the zig-zag planes of the methylene chain
Kgments, batween the neighboring bent hydrocarbon chains must b=
rallel to ‘each other in the tilayer lattice.

It is clear from the present study that the affect of pressu-
‘on“the liquid crysfal of the unsaturatgd DOPC is to induce in-
chain conformational and interchain reorientaiional ordering
CeBses which trigger a structural phase transition from the
Cturally ang dynamically disordered liquid crystalliine phasgs
the highly ordered gel phase in which the reorientational fluc-
itions are completely damped and the hydrocarbon chains are ful
extended with a bent configuration at the £is double bond, The
ing of all the hydrocarbon chains in the gel phese is paralile?

Same” 1 1 i

- ' ‘ 5763514
16751665 1655 164
1685 FREQUENCY, CM™ -

; ing
tHe Cs=C stretch
ace Eozg tge critical pressure

f aq each in the bilayer lattice, These pressure effects on the structu-
o
Raman spectra and dynamic properties of the liquid crystal of DOPC are expected

Fle. o« t three pressures adjacen

- a .
_region :ethesameforotherdimonounsaturatedbiomembraneliquidcrystatﬁ
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PHASE BEHAVIOUR UNDER P‘RESSURE OF PYRAMIDIC LIQUID CRYSTALS
STUDIED WITH A SCANNING NUMERICAL METABOLEMETER

J.M. BUISINE

Equipe de Dynamique des Cristaux Moléculaires, UA CNRS n°® 801
Université des Scierces et Techniques de Lille Flandres-Artois
59655 Villeneuve d'Ascq Cedex - FRANCE ‘

H. ZIMMERMANN

Max-Planck-Institut fiir medizinische Forschung
Abteilung fiir Molekulare Physick
D-6900 Heidelberg - FRG

tllel“O"baF'O"Et' 1C experiments [ 4-7 ]. we ,lave veiuvestigated four member‘s of
py’ amidic ‘bow"‘l ikei [ 8' hexaalky loxytl Ibe"ZOC clom)nene fami Iy, i.e with
Y

_R. POUPKO, Z. LUZ

The Weizmann Institute of Science
Rehovot 76100 - ISRAEL

and 9 to 11 under various pressures.

SCANNING NUMERICAL METABOLEMETER

J. BILLARD “The the i
rmo-barometric meas
Laboratoire de Physique de Ta Matidre Condensée, UA CNRS n® 542 rical metabolenston. 11 urements have been performed with a scanning
. Collége de France r. 'he pressure-temperature cell [9] {s shg Fig
75231 Paris Cedex 05 - FRANCE ssure transducer (1) (HEM 375-20000- v Figure 1

and is used as bottom of the
he cell is closed with a tittle

Abstract in which the sample is introduced. T

“cov ‘ ;

:s :r @ and sealed hermetically with a set screw @ The tightness
Sured by a p]an annular joint (tin or zinc) @ . This arrangement ¢ X
ressure transducer destroying risks during th . e

e.closing of the cell
mocoax) are coiled around the crucible A fan (8 o o

ng experiments. The pressure tr
ansducer is
. rom 2ot oy Compensated for conti

The pressure-temperature phase diagrams of four members (n = 7,9,10 an
11} of the hexaalkyloxytribenzocyclononene homalogous series have been detem
on using a scanning numerical metabolemeter. For n = 7,9 and 10 a new stable
phase is detected between a crystalline phase and a pyramidic PA mesophase
it seens it is a pyramidic Py mesophase. Details relating to a new pressure-.
temperature cell ensuring accurate measurements and routine experiments are
reported.

allows the

o - nuous

T i the temperature is measured with a platinium
probe. The cell is placed on a steel stand @ and inmsulated f

de with a glass housing @ . -

Ihe P.T. cell is connected through interfac
iration 4, S.M.T.) associated to a

"t} and a printer (RX 80, Epson).
3 and the cooling of the cell,

for pressure-temperature
acquisi
s and for the delete treatment of the data files isttons

es to a computer (Goupil 3,
graphic plotter (DMp 40, Houston
The computer is used to control the

1 - INTRODUCTION

For pyramidic mesogens [1-3], although some X-ray and optical micros
observations on such pyramidic fiquid crystals were published, no experime
results relating to the pressure-temperature dependence of the phase ‘tran
were reported so far. Previous optical microscepy and calorimetric measure
on members of the hexaalkyloxytribenzocyclononene series indicated [1] tha
the C6 to C12 members exhibit a PA mesophase, while one member, C”, als
an enantiotropic PB phase below PA'

The temperature range is + 25°C to + 235°C

: ) ; the pressure r
92r. The maximal volume of the sample is 2 e e e

: cubic millimete .
- ‘ rs. The accu-
nt: ?amgle temperature is 0.5°C. The sensitivity for the pressure
is 0. .
> tr:n .i'bar. The lower pressure increment that can be detected at
] si ion is Aabout 5 bar ; that corrésponds to a transformation
233
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10T - PRESSURE-TEMPERATURE PHASE DfAGRAMS
C“ HTBCN The Pressure-temperatyre phase diagrams for the studied compounds are
plotted in Figures 2 a to 4. For n=7, 9 ang 10, a phase stable at Jower tempe -

rature than PA is observed i comparisons with the P-T phase diagram obtaineq

»*or n=11 (Figure 2d) shows it is probably a PB mesophase. The PB phase was pot

‘tbserved in the homologues C7 , C9 and ClO in the previous work [11. It

s possible that their presence in the Present case 1s. due tp t
 Synthesized, purer compound. This e confirmed by the higher melting temperatire-
thtafned in the present work for n=9 and 10 usin§ thermo-barometric method
Lh@spective]y 21 to 28°C) a; compared to the 1nit1al.m1croscopi
;htspectively 18.6 and 25.5°C). The range of thermal stability
for the PB phase 1ncrea§es for the n=7 and 9 homologues and dec
nd 11. For n=7, the P-T phase diagram (Figure 2a) exhibits a ¢
i(jPA-PB at 36.5°C at 300 bar. Two virtual transitions K-PB and PB-PA can be
feduced by extrapolation to atmospheric pressure. For this homologue the p. .

he use of newly

cal results [}
Versus pressure
reases for p=10
riple point

and routine experiments, therm:
1=7,9,10 and 11)
. The pressure-temperature phase

B » @ phase stable at lower'tempe'
A 1s observed, which is most Probably identical to the phase p_.
Rvious]y identified in n=11. For n=7, the Pg phase is monotropic and only

virtual transition between the crystalline and this phase i detected at
mspheric pressure.
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THERMAL CONDUCTIVITY OF POLYMERS UNDER E} 3VATED PRESSURES
V.P.Privalko, N.%.Rekhteta '

Institute of

Macromolecular
of the Ukrai

Chemistry,
nian SSR, Kiev,

Acedeny of Sciences
USSR

Polyﬁeric thermoinsulators in practical applicatisns are oif -
n subjected to elevated pressures which tend to change ihe!
ermophysjcal properties, A feeling of a probable ‘change in PO
mer thermal conductivity 1 » with pressure P, may be obtained
the framework of Debye equation for solid dielectrics,
A=Cvou 1/3, (m
ere C, 18 the isochoric specific heat, f is density, @ is the
an-velocity of phonon propagation, and 1 is the corresponding
an.free path. It can be assumed that in absence of structural
igh (at least, with respect
ibrations) temperatures the
fected by pressure, so that

pansformations and at sufficiehfly h
Debye temperature for interchain v
lues of cv and 1 will be little af

to the rise of thermal con-

These simple qualitative arguments are consistent witn the
ults of model analysis of thermal transport in both liquids
| and polymers /2/,

according to which the pressure coeffici-

f thermal conductivity is controlled By_coefficient of igo-
mal compression Pop as -

(3102 /3P)y = Cppo, (2)

8 of pp from independent measurements,

provided that CT pa=
er has unique, "universal® value.

crystal, two-phase equilibrium temperature T « Given such
ral heterogeneity, pressure application to a crystallizable

8hould have densified, first of all, more compressible,

8 regions, Generally speaking, in that case CT parameter
247




Tabl o
€, our sugges tio" that qdm})les of FCIFE

Crys z
ystallinity, end PE differing in

on the fraction of
th different micros-

from equation {2) may be expected to depend
(i.e., degree of crys-

polymer transformed into crystalline phase
pattern of thermel conductivity chan-

tallinity X). Moreover, the
ive additional information about

ge with pressure is likely to gl
the structure of amorphous phase in a semi-crystalline polymer. = Bde than tp
! e )
As a typical example, we present in Fig.1 the temperature de- 1 rmodynamic

cendences of isobaric thermal conductivity of the samples of polyf ynamic Grineigsen

chlorotrifluoroethylene prepared by crystallization from the melt 11 kindg of therm::rameter X

at pressures of 10 and 100 Mpa, respectively (PCTFE-10 snd PCTFE vibrations

100). One observes on each isobar the characteristic break at th? ineisen parémet

glass transition temperature of amorphous phase T and e drastic it °I'XL accounts
: g ity which is brought about by

drop of thermai conductivity on approach to the temperature inter-
val of crystal melting Tm.-Lower thermal conductivity of PCTFE—10:
FE-100 might be regarded as a natural conseque operties of semi-c :

density ¢ and velocity of : rystalline polymers at Pa0

whereas quasi}
attice
only that contribution to anharmo

weak in ter chain in ter ac tions /5 ‘0/
»¥fe

as compared to PCT
ce of lower crystallinity X {in fact,

und ‘G ).
As can be seen fro

les 1ncreaseé with pressure.

m Fig.1, thermal conductivity of both sam

In the framework of a concept of st i
) low density .
0.400 0,134 ‘
. 2.75 2.5 )
4.0

- e¢tural heterogeneity of crystallizable polymers it was natural t
expect that the rate of thermal conductivity rise with pressure ,ish density 0,650 0,175 . 4.0
uld correlate with the fraction of.more compressible (amorphou ,; trahigh mol.weight 0.400 00192 5'72 - 5.0 12,0 2.4
. 1.4 /Propyle ' ’ ) .7 )
2) ¢ b Pylene 0.240 0,159 13'8 8.0 4,0
] . ° 22.5 12.1

phase. However, in ‘experiments the reverse was found (Fig.

- the initial'slope of the curve, thermal conductivity‘increment
e maximum value of this increment
the region of ievellingfoff, were higher'for more crystalline
ple PCTFE-100. Similar data were 8lso obtained for three polye
lenes with different érystal}initles X. Evidently, characterié
patternbf;lvs.APdépendence is cdntrolled not only by relati?e
8

tent of more c0mpreésib1e phase, but by its microstructure, n
mers /3/, increase in ! nylidene fluoride 0,208 0.125 5,5

9.4
.".'. 0.380 0.1 4
Lj-4-methylpentene-1 0.160 o 136 :.7 0.0 30.0 "13.5
. 1 . .

AX /X p V8. pressure, and th

.

g
i‘ﬂyl fluol ide 00238 0- '51‘ . ;-2 ; 05 l‘ouo 29.0

] 5.0 50.0 52,0

_ -As érédicigd by cell model of poly : Strafing
mal conductivity with pressure is 8 result of decrease in fr roethylene 0.260 0.130 4.8 '
ilume fraction in the amorphous ppaseflthaf ig , mensionss ) Iy S 5 7.0 80,0 47.0
AX/Ap =y BT 1 - exp(-PV_/k*T)] | - i Vo inmm’/mol; 1, 1, 1. in rm,
.where V~is theiqudailattiée Griilneisen parameter, £(0,T)=exp in mind, one may write
v - raction at normal pressure; ¥ /fr = CV/C',
(4)

C . 1s the contrib ' )
, ution of inte )
horic specific heat. ”Cﬁain vibrations into the tq.

results of th
eoretical analysis of thermal conducti
ctivity

@mel CI'yStBlB / 81, est that exper mentgl values of ther-
’ i *
UCtiVity of semi-cr ystalline polymels are about 10 times

- 243,

exp(—EO/kﬂTf is the free. volume f
is the volume of m single cell, and Ej

Treatment of a large body of experiments on t
thermal conductivity of many cryst
o equation {3) has shown that Vg,
ter ¥ (. ON tbe“
ata collected

"is the hole energy
emperat

‘pressure dependences of
* le polymers according t

increases with temperature, while parame
As can be seen from our d

tends to decrease,
242
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lower than thermal conductiyity of a crystal in th: ::xzi:izz :z
‘ hains, while it has roughly the same order o g de ae
o, '; ctiﬁity in the transverse direction (i.e., nom
thermalicin :his means that thermal gonductivity of sgmi-crystai
i Chalzm;rs is dominated by mechanism of interchain heat tran
line po

» .
d by C from
1)} should be replace
fer. Therefore, C, in equation ( )-

equation (4).

' by equatio
values of the mean phonon free path 1 calculated by eq :

* . uming
C from (4) and ass
mental data on A, ¢ , E
(1) with :7§eri in the Table with dimensions of crys-
SV 1@7 , are compared in . icroscopic data, and
m electron m :
talline entities 1, deduced fro rs, 1 =1 _(1-X)/X.
- 'with linear dimensions cf amorphous layers, l,=l.

From this one may draw a eneral conclusion that ther mal cone
ductivi ty of semi-cr ys8 talline polyme! s 18 contr olled by pho]lon 8C|
! b
o
tte illg n s uctu hi g i (1. .s P
r o) tr tural eterogenei ties e amorphous in ter 13?91

between crystalline entities).
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CRYSTALLIZAT

ION OF POLYMERS FROM THE MELT UNDERV E l
PRESSURES : ELEVATED

o .
= N.L.Rymarenko, V.P,Privalko

Institute of
of the Ukrain

Macromolecula

r Chemistry,
ian SSR, Kiev

Academy of Sciences
s USSR ’ :
Theoretical angd practical importance of studies of polymer
ics of crystallization stems from the fact that it provides
Information on mechanism of structure formation
phase transformation andg thus

@f transformation degree on po
ire usually treateq according

in the course of
makes one sble to estimate the effec!
lymer properties,
to cliassic
the applicability of which is,

to initial stage or transformation,
As became evident from anal

tental data, the crystallization
a8t two methanisms /2/,

Kinetic expériments
al Ko}mogorov-Avrami equsat..
however, limited at best

y8is of a large amount of experi-

of polymers is .controlled by at

each of which obeys Kolmogorov-Avrami
nt set of parameters, Within the frame-

overall degree of transformatinon o 13 ex

() =y (t) +aly(t),
here () = (1=e)[1 - exp f-x

! the first mechanism,

3 .
~eXp {—Kz(t+ At-T)™}] is the contribution of the
My K1 and K2 are kinetic constants, n,

dent on the shape of growing crystal

1(t +At)M] s the contribution

t+At 1
and a{z(t) = c S‘dtK1n1tn1_ exp{-K1tn1} -
Second mecha~
and N, are parameters de-
line entities, ¢ ig the frac
ond mechanism, t ig time,
oduced to account for errors
of transformation,

~chain polym
1 KZ' Mgy Ny, ¢, &and At,
experimental data were det
gression analysis /3/

which asgy
ermined by
.Reptesentative results
Lupolen and’
are cdllected in the Table

S.can be seeh from the Figure,
Ctrystall

‘ re the best appro.
ition of 0

standarg me thods

Sholex, and

the chosen model of isother-

ly,apprwximates the real Irocess

ization quite agdequate
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in the whole range of transformation degree, Literal &nalysis of
numerical data from the Table suggests that for 81l polymers the

i e : c;ﬁ’o first mechanism correspunds to growth of three—dimennion&l'crystal»
1*0 - ) i 00 line entities (most likely, spherulites aL1) on athermal nuclei
(n1 = 3); whereas one observes differences in the second mechanism .
(o) (p:esumably, crystallization of the melt in the interfibriliar spa-~ j
o ce within spherulites), viz,: n, = 2 for PEO corresponds to growth '§
‘ o of two-dimensional (disc-like) structures, while one-dimensional %
3 : . o » | § (needle-1ike) ‘growth was found for HDPE (n, = 1).
Kinetic parameters of polymer crystallization |
‘ | : P, MPa| T,K |K,.10%"> K,+107s™" ny | m, ¢
05+ ‘ ’ , IDPE Lupolen 80 415  ggs 2.57 3 1 0.s88 !
80 418 101 1.461 3. 1 0.960.
84 423.9 7,31 ° 3.23 -1 0.570 -
84 436,9 0,01 0.07 3.4 <10
340 469.1 2441 0.94 . 3 1. o0.200
340 470.4 18,52 1.504 3 1 0.450°
25.2 332.7. 1,0-105 2,22 3. 2 o.813
25.2 333.6 - 3.6.105 1,45 32 oy o
. 100,6 339.7 1:44105 . . 3.45 F 2. 0678 |
100.6 340.4  1,3.105  4,g7 37 2 'owm9s . - -
0 1100.6 340.9 8.2.10% 2,26 37 2 oshe
. -

- No change of crystallization pattern wéa‘observed for HDPE 1h'“
whole experimentally studied pressure. range (see Table), even

e the "critical® pressure where "chain-extension effect® and .
ended-chain growth" were postulated /4/. On the other hand, as
ows from the analysis of temperature depeﬁdence of growth rates,
'1ncreasing presguré nucleation barrier to crystallization be-

8 higher which may be attributed to increasing atructural mis-

h at the meltenucleus interface, )

60 MPa an
' len at P = o
i of HDPE Lupo L
Crystallization tﬁgggzzTcal (standaidoK:igﬁggisms)' o
Er 3122Kz tge;retical (Cbnéepg 2£e ?irst mechanisnm,
e 1 - contribution © o
v ert?i%ﬁi}&nuof the second mechanis
con
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underlich B, Macromolecular Physics. Vol,2, Crystal Nucleatj-
n;- Growth, Annealing, - New York, Academic Press, 1976, .
"lce F.P. A phenomenological theory of spherulitic crystalli-
tion: Primary and secondary crystallization grocesaes.v- J.
lym. Sci,, part A, 1965, v.3, N9, p.3079-308 .

litkin N.N. Numerical Methods,-Moscow, Nauka, 1973, 512 pP.
otani M., Kanetsuna H. Crystallization kinetics of polyethy-
ne under high pressures,- J.Polym,.Sci,: Polym.Phys.Ed., 197 ’
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PHYSICAL AND MECHANICAL PROPERTIES OF POLYMERIC AND
COMPGSTTE MATERIALS AT HIGH PRESSURE AND TEMPERATURE- ting ior the effect of pressure on creep deformation at shear)
was proposed. The equation was derived with the use of an analo
between the effect of pressure and tewperature, This model is ;ii
eed on the assumption that along with the temperature~time anals
gy (TTA) there exists a baro-time analogy (BTA) /3/. ExperimenL;;

jdata were given which supported the existence of BTA for some po-
lymeric materials, ’

4,Ya,Goldman
ONPO "Plastpolymer"®, Leningrad, USSR

Volume and acoustic studies were carried out for the follo-
wing polymeric materials: HDPE, LDPE, PTFE,'polybenzoxazole (PBO)
and composite materials - ABS-plastics im pressure range of 0,1~
~500 MPa at elevated temperature /1. Individual tests were do-
ne at temperature up to 500 K and pressure up to 800 MPa, Veloci-
ty of supersonic oscilations with frequencies 'of 600 kHz and 1.5
MHz was measured together with measurements of absorption; measu-

The general model was proposed and studied /4/. Prjncipal a8-
‘sumptions used for this model had been proved experimentally. Ana-
lysis of the creep curves of polymers obtained in conditiona‘of

simple shear -under atmospheric and hydrostatic pressure showed
that viscoelastic deformation could be represented as a sum of two
?erms.The first term accounts for deformation resistance for sim~
4ple shear and containg both elas%ic and viacoelastic components
Hydrostatic pressaure bas an influence on the elastic component ;n—
ly when shear stress, (512, 1s changed. The second term characte-
rizes the influence of average stress, The decrease of pressure
1nfluence with the increase in creep time was taken into account,
It was supposed that viscoelastic deformations are free from the
limitations of the principle of simple addition., On the basis'of
the above mentioned conditions the equation of creep at shear has
the following integral form: i

12'1‘(62 ) £, [G(6)] Gyp(t) + f ro(t-7) fZLG‘ (7)) 6 (T )

rements were also performed for pressure dependent volume changed
of the samples at various constant temperatures. The velocity of
. sound was measured with puls-phase method; volume changes were mo
nitored with supersonic dilatometer. Pressure dependent isometric
_modulus of uniform compression was calculated for all investiga-
ted materials. For PBO it was shown that within pressure range of
200-500 MPa Poisson's ratio is virtually a constant, Such kind of
‘tests were carried out for heat hardened and annealed PTFE samp
les having the following densitiess 2086, 2165 and 2129 kg/m .
DTA method was used for isobar based measuremens. As a result, th
phase dlagram of PTFE was created. Unlike other well known studi=
es, our study revealed a wide area of abnormal behaviour of the
locity of sound, 1.e. "{ts increase with temperature, moreover, 1
border-line of sub-area I' (having & shape of arc rather than:s
raight line) was determined. In /2/ the border-line of areas I-
under atmospheric pressure was not revealed either. In isobarsiX
and 480 MPa after II-I' transition, the velocitly of
ses abnormally with temperature. The coordinates of

ar o+ J ¥ (0P (e )5y G (TG, (T) Gty ez ()
nctions, included in (1), are:

[642(0)] = €446, G ()i £,[G ()] = 1 + C5Gp,(8);
int were shown to be independent of crystallinity.

The study of II-III phase transition for PTFE showed that
coordinates of the transition depend upon the way how it occu
(Fig.2). At constant temperatures there is 2 90 MPa (T=const=32
difference between pressures under which the transition occur

: [GZP (t).] = 1 + qup(t); \fju exp.(—dt); (2)
Gip ) = exe(C Gy c60)

Hysteresis is not high for straight and reverse [rocess, ere c1""06 - are unknown factors; Gz? = =pi P(t) ~ is & fun-
ion which accounts for the attenuation of the memory from (”
der the effect of hydrostatic pressure, Weak singular nuclei 1n
m of 1:3¢ (- P t) - Rabotnov's function and in form of the sum
e were derived. Nomlinear euation of vi cacoelnatinity (Ace xponential funciions are used as creep nuclei. The unknown pa-
meters of the equation (1) were obtained with a computer.
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The effect of pressure and temperature on creep and relaga
tion of polymeric and composite materials was studied, Mechanit

state equations with due account of the effect of hydrostatic

500
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The detailed experimental stud

Yy was carried out, the theor
ing compared with the experimenta

1 data,

The influence of loading history on the development of vie-
elastic deformations was studied under programmed. loading. The
thors compared the efficiency of the

Seven loading programmes with the u
ind exponential nuclei,

y
ase PTFE:

’ . sure-temperature phase diagra:afgg PIEE! e
Tie- 1.bg;§:r—line ‘of subarea I;vxﬁﬁlii::. 2f existens
of hexs thorhombic crys 3 = area of
% hexagonai a?%ugrof the velocity of som{:mgi hénand e
abnormallge1?¥ and ITI-II transitions (stralg ‘

ween II- L
gigcess on isotherm);

proposed models to descri-
relaxation transition in phase II;

se of various weak singular

uf.
' - ea based on data /
as - border-line of 1-1 area bas References
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PRESSURE EFFECT ON THE STRUCTURAL ORDER OF'LIQUID—CRYSTALLI—
"NE POLYMERS

. i
V.V.Shilov, O.A.Lokhonya, V.V.Tsukruk, K.D.Petrenko, V.P.Pri

valko
Institute of Macromilecular Chemistry, Academy of Sciences 0
the UkrSSR, Kiev, USSR

Liquid-crystalline polymeric materials are characterized by
'multiple forms of structural order which are subjected to various
changes under the action of different (i.e., electric, magnetic:
- and mechanic) external fields /1,2/. Up to present, action of ele
vated pressures on the structural state of liquid-crystalline (LC
polymeric systems, if fact, was not studied in any detail, There-
fore, it is the purpose of the present papef to monitor the pres-
sure effect on the changes of structural order in LC polymers:-of

-

8ld of X-

ray diffractomet
pectively meters, models DRON-

2.0 and DRAN-2,0, rog.

.

(o]

C. Heats of
able). Rather gipi.
Or pressurized sam-

the order of
8 . 7‘8 J 1
r pattern or transitions ig also /& (sce v

les (see Fig.1 ang Table) ebserved f

ctura 1 o der tem eraty €8s and } eats of t rans
s ’ P r
1 angi

various nature, and in low-molecular weight LC.
Following substances were chosen for the present study:

linear IC polymer,

~00-©00-OC00-@CO0HCH; (H;0l>

comb-1like p.olymer,;CHz_lC[CH3]~ v
| (00-[CH,ls0QOLN -

.and the low-molecular weight, cyano-biphenyl mesogen,

0-O-O=
(3 Hy 0-©-OC=N
Polymers were synthesized as outlined in /1,3/. Parameters of

as well as temperatures and heats of transition

ctural order,
listed in Table.

. Samples for the studies were prepared as follows. The

powder substance was placed into the pressure cell, heated t
150 °C (i.e., to isotropic melt state), isothermally stored
min., pressurized by 1 kbar for half an hour, and then:slos

led to room temperature under pressure.
Calorimetric studies were carried out with the aid of

differential scannihg microcalorimeter. X-ray photopattefn
obtained on the plane cassette in vacuo. Wide-angle (5=39
angle (0.5—50) X-ray diffraction patterns were recorded wi
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direction of piston, while moleculer chains are oriented normal. I(Z)

to that direction. ’ S 1) ( ,
—_ f. 11(2)
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HYDROSTATIC EXTRUAION OF POLYCAPROAMIDE, POLYTETRAFLUORO=
ETHYLFNE AND HIGH-FILLED POLYETHYLENE (TECHNOLOGY AND PRO-

now dke th
1 £ in b4 n

(%)

» Q-material constantas, we Bub-

suming that tt
dr e hydrodynam
rawing die equals to iiie extrus v ynamic

§.v.olaynov, V.M.Tinofeev, A.l.0ateain
Inatitute of Continua Mechanics, ural Scientific Centrs

of the USSR Academy of Sciences, Perm, USSR G
, o =Yield stiress, « v A

titute (3) and (2)
in
ressure over th (1) and, as

P;" aT + b

This work deals with the procesa of hydrostatic extrusion
ghly oriented thermoplastic products,
must be given to materials which
resont experimental hydrosx-

shich 18 used to produce hi ion pross
urs,

W~ conaider that the prefearence
are too hard to pachine, Further we p

trusion data, show densaity moulding dependence upon technological ;:_'I;‘; i
parametera, suggest state eguation and method for datermination2 P
of its constants, consider the effect of technology on aome e tes ‘
bl 2Lp + 1n K
rial properties. 00 s LA (1n K)9*%.
T-plnk " rv—d

(q+1)(1-pln X)
It 173 -
we hiave 8 set of experimentsl pointa

1 number of th

em N, then we ma v
nethod Yy find values a
iy of least squares. Phyaical constant 4nd P by the use
¢ ned under the minimum of quadrati values «v
on of the ratio ae f(1n K) and G- ic

ne condition for th
e ratio bnf(ln K
stints we can ). Comparing the val
1or 3-6=3 and t::tz that the highast tempersturo bolo;groz ”
of the most oweat one to ¢ -4,whereas the jatt > oo
One woul Srong pressure dependences or whovs
, would ti ’ * o
itatic preu;::f trﬂt the materiul obtained under the hi h
ity 48 high se thw th woll pronounced eérientotion had t ‘
had the ® original one, At the same tiue el) e
croas-section inte 50 &ll extru-
2,8) and ther gral density which waa 2-
- Th;:x:i:m;thotfilled polyethylene ratio p= ??ployor
J e attributed to t 3
naification 1 he fact that the mat
fios goea int:n:re course of derformation under low ex:j”ial
s due 1o ort vely than the proness of material d Lot
fience of low heztation and contraction which take plnc:nriﬂf
ydrostatic pressure, With the increased t" the
i g extrusi-
up a \ the developed pr
ubgorpreuring microvolds {ncrense as well T: onaufs whic@
ptlon dependenues whick have the cha;nct:r'x;qumentﬁj
of curves

reflection pef (
P confir
samples, / )y ) confirm the pressnce of microvoids

Hydroextrusion process was performed in order to obtain ¢l
reular samples in the dle with moulding part diamoter 6,2 mm,
20w 50°, The extrusion ratlo was set by the sample diame

The process prassure P, dependence on the extrusion ratio K an
the temperature T at prescribed extrusion rate was racorded_(1
mm/s). Relationships P, = £{in K,T) for different materials
shown in Fig.1. :
In the course of plastic flow calculations the state nqud
fon problem appeared, The polymer mechanical properties are st
"gly depended 4én temperaturs, hydroatatic pressure, plnstibvdei
mation level and_anisotropy that takes place in the process of
droextrusion, To'conatructvcertain equation we need in complax
periments, Ve aet to get these dependences directly from the |
. roextrunlon'proceadh Let us use now the low estimation method
. dévelopad in the proéesa of metallhydroextrusion; 1f the mater
) yléld stress in the procesd of hydroextrusion increases over
axis then, in fact, it does not changs in perpendicular di
/2/. We may consider that the yield stress at the entry and
_exit of the drewing die equals to the original matertial yial

stresa., Under the assumptlon of low friction ratio we nhtain
' . &y A1nK : :
B, w268, + }§1 g (£) at

ner P} and 10 with gens-

and 4 ere
srror for the deacrip-
o' A1Q are definsd under the

We may show that the yleld materisl stress within definite |

. of values depends linearly on T and P.
C (5 WOEY 4 P o= T
s S r _ ross~section density distribution of

whoin Fig.2,b, polycaproamide sample

We obsa; ve QB{"’lltiﬂl donﬂl tw“ ‘"homaganﬂi t
3 - s K ¢ wer ¢
10 radius and it rows the hiphﬂl and the lo Tl
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Fig.1. Extrusion pressure versus 1lnK for different T:
o'~ poly-E-camproamide; o — polytetrafluoroethylene; V
8-0 , I - componor 3-6-3, 1-1-7-50, 1-1-1-50; T {°K)«1,6,
10 ~ 2985 7,9,11 - 363; 2-383; 4-403; 3-433; 5-453,

Fig.2. Cross-section integral density versus moulding i
(a% and polycaproamide sample density distribution-:an

component distribution of deformation tensor of Green!
re over radius (b): '

a) o,n, I - Fig.?; T (XK)=1,4,6,9-208; 2-38%; 7,10-333
5,8,11=-363; 3-433; b) T(K)=0-298; & ~383; x-4%%; 1,3
2!“16']’(‘3; 5)7'}(:“; B-K=5. -
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MUSIYHAPQIHASA ACCOIMAIMA 10 PA

With incressing tempersture the homogensuos nucleus with density B ORIACTY RHCOKMX

which herdly depended on K sppesrs in the center of the sample,
We obsarve density maximum in all samples 0.8 4 0,92 R. Comparing
these dute with the cross-section deformation picture obtained on
cutting samples (Fig.2,b) we cun conclude that if the integral
density is caused by deformation elongation level, prassurse and
temperature then its cross~section inhomogensity is defined by th

deformation shear component and more over this limited shear gives
the increase of the material density.
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Fig. 3. The view of a diamond-graphite ag-
gregate: 1 — diamond; 9 — graphite.
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. Microstructures of the grey cas 0
filrgénls: a; initial;  b) to e) after the different

amplitude shock wave action.

Fig. 2. A relief of some portions of the binder phase of ultrasonically treated
BK20K hardmetal.




To the paper: Jach K. «Numerical modelling of two-dimensional elastic/visco —
plastic deformation of materials at dynamic loadss.

Fig. 1. Reverse cummulation — oe=150°, cylindrical symmetry: a) t=0; b) t=
=10 pus; ¢) t==16 ps; d) t=48 ps; e) t=70 us; f) shadow photograph.






