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(Abstract)

The third regional meeting of International Association for the Advancement of High Pressure
Science and Technology was held in the Kyoto International Conference Hall. on October 26, 1972,
sponsored by the Physico-Chemical Society of Japan and supported by the 135th Committee (High

Pressure), Japan Society for the Promotion of Science.
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Chemical Effects and Production of High Pressures

The program was devoted to discussing the recent advancements of pressure effects on chemical
reactions including kinetics, solvent effects (solvation) and polyvmerization {Morning session), and of
the production of high pressures including multi-anvil, sliding anvil, optical devices and shock pressure

(Afternoon session).

Morning Pressure Eifects on Chemical Reactions
session Chairman : Prof. J. Osugi
Co-chairman : Prof. K. Suzuki
Invited paper: Dr, S, D. Hamann

Afternocn Production of High Pressures
$BS810N Chairman : Dr. K. Yasunami
Co-chairman : Prof. 5. Minomura
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Inviled paper: Prof. B. Vodar




The Review of Physical Chemistry of Japan Vol. 42 No. 2 (1972)

136 International Regional Meeting, AIRAPT

Pressure Effects on Chemical Reactions

Pressure Effecis on Reactions in Selution

S. D. Hamann

CSIRO

Division of Applied Chemistry
Melbourne/ Australia

There is a growing appreciation among che-
mists that high pressure techniques are not neces-
sarily difficult and expensive, and a large number
of laboratories lhroughout the world are now
using pressure as a variable in chemical reactions
in much the same way as temperature has been
used in the past. The speaker will review some
of this work and, in particular, discuss the molec-
ular basis of the effects of pressure on chemical
equilibria and reaction rates in solution, These
effects can be just as great and as varied as those
more commonly brought about by changes of tem-
perature or solvent. They will be illustrated by
the results of some recent measurements of the
ionization constants of substituted phenols and
anilines in water at high pressures, and of the
rates of seme sterically hindered reactions.

The Pressure Dependence of Activatien
Yolume

D. Gay*
Xavier College
Sydney, Nove Scotia/Canada

The analysis of the pressure dependence of
activation velume, (64V*/GP ), in terms of ion-
dielectric theory, has been performed. The values
obtained on these basis are in good agreement
with those found for the hydrolyses of organic
halides. These results further indicate that con-
tributions to (941'*/0P)r arising from compres-
sion of the molecule or ion are by far more im-
portant than those arising from electrostriction of
the dielectric medium. Also, the effects of quad-
rupole moments can be very important since the
contributions from this are as great as those from
dipole moments. Nevertheless it seems that ion-
dielectric theory gives only a partial answer to

the question of the nalure and origin of (34V*/
dP)r. Apparently, the contributions arising from
solvent structure, unaccounted for on this model,
cannot be ignored. (* not attended)

The Ionization Constants and Ionization
Yolumes of 2, 6-Dialkylpyridines

The Effect of Pressure on Sterically Hindered
Reactions

T. Asano and le Noble
Department of Chemistry
State University

New York/U. S. A

The partial molar volumes of 2, 6-dialkyl-
pyridines in acetone and methanol and those of
the hydrochlorides in methanol are reported with
pK, values in methanol. The increase in volume
in all systems are approximately 15~18m/ per
methyvlene group except one case. These obser-
vations suggest the necessity to reconsider Gonik-
berg’s theory of the efiect of pressure on sterical-
1y hindered reactions. The new interpretation
based on the Hammond postulate will be pro-
posed with some other possible factars,

In addition, the reason for the abnormally
large acidity of 2, 6-di-f-butylpyridine will be
discussed.

Pressure Dependence of Solvolyses
Neighboring Group Participation and Solvent
Participation Pathways

A. Sera and C. Yamagami
Depariment of Chemistry
Facully of Science

Kyoto Universily

Kyotof Japan

Hyvdrolysis of 2-aryl-2-propyl chlorides (9022
agueous acetone) and formolysis of 1-aryl-2-pro-
py] tosylates were investigated under pressure.
The ebserved J¥V* for the 2-aryl-2-propyl chlo-
rides showed a linear correlation with g*. This
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indicates an apparent dependence of electro-
striction volume on substituents. Formolysis of
1-aryl-2-propy! tosylates consists of a solvent
participated process and a neighboring group
participated process (solvent assisted, 4, and
anchimerically assisted, ks, respectively). From
the observed rate constant (&), k. and ks were
estimated using p* in the Hammett Taft corre-
lation under pressure. The values of A¥V* are
linearly correlated with g* However, depen-
dence of 4%, and 4V ¥4 upon the substituent
constants are not observed. The substituent effect
on JV* will be discussed.

Activation Yolume in Mixed Solvents

T. Moriyoshi

Department of Chemical Engineering
Foculty of Engineering

Tokushima University

Tokushima [Japan

In general, the activation volume for chemi-
cal reaction may be regarded as the sum of two
terms, 7.e., the structural term and the solvation
one. The sclvent effect on the activation velumes
measured in various solvents of single compo-
nent, has been almost solely explained in terms
of the contribution of solvation, according to a
simple form of the electrostriction theory. How-
ever, in mixed solvents including water, it is
complicate and mysterious from the viewpoints
of solute-solvent interaction and solvent struc-
ture. It is suggested that in such structured sol-
vent as highly aqueous alcohol mixtures, the for-
mation of transition state in certain reactions
should require the reorientation of solvent molec-
ules which will result in the local change of
solvent environment and probably causes the de-
crease in volume. Therefore, it may be reason-
able to take into account an additional term based
on the contribution to solvent structure in under-
standing the activation volume measured in such
a solvent. This is also supported from the con-
sideration for the constitutive meaning in the
partial molal volume of ionic substance in the
same solvent system.

Solvent Effects under High Pressures

Y. Kondo, M. Ohnishi and N. Tokura
Department of Applicd Chemistry
Faculty of Engineering

Osakg University

Osaka[Japan

Rate constants and activation volumes were
measured for the reactions of pyridine with ben-
zyl bromide, and of triethylamine with ethyl
iodide in various solvents. The linear free energy
relationships were observed in the plots of logk
values of some Menschutkin reactions vs. logk
values of the former reaction in various solvents,
The activation volumes were linearly correlated
to the product of the compressibility and the
molar volume of the solvent. According to our
proposal, the slope of the plot gives the value of
(24P), in which 2z, 4P stand for the solvation
number of the activated complex, and the aver-
age pressure within the co-sphere of the activated
complex. Both slopes, expected to provide a
measure of the sensilivity of the reacting system
to the solvent variations. are fairly well corre-
lated to each other. The equation which predicts
the linear relation between the activation volumes
and its pressure derivatives was derived. Based
on the equation, the solvation number in the
activated complex and the average pressure with-
in its co-sphere have been estimated to be ca. 4
and 910kg-cm™? for the reaction of pyridine
with benzyl bromide.

Pressure Effect on the Rate of m-Xylene Iso-
merization over Silica-Alumina Catalyst

N. Todo, H. Takaya, T, Hosoya and T. Minegishi
Nutional Chemical Laboratory for Industry
Tokyo[ Japan

The isomerization of m-xylene over a silica-
alumina catalyst was kinetically studied at the
pressure fram 300 to 6,000kg/cm?® and in the
temperature range of 260~380°C, using the con-
tinuous flow-type high pressure equipment. Since
the activation energies in the temperature range
of 270~300°C for the reaction Lo 0- and p-xylene
were in good agreement with those obtained in



The Review of Physical Chemistry of Japan Vol. 42 No. 2 (1972)

138 International Regional Meeting, AIRAPT

the range of 330~380°C, the surface coverage of
silica alumina by xylenes can be considered to be
nearly 1. The activation volume obtained from
the pressure dependency of the reaction rates was
about —20m!//mol, its pressure dependency
being rather small. From this value, together
with the activation entropy of —9.4 e. u., the ob-
served activation volume would be attributed to
a shortening of the adsorption bond length,
through the transfer of a proton from the position
between xylene molecule and a surface oxygen
ion (adsorbed state) to benzene ring of xylene
adsorbed directly on a surface site (Lransition
state).

An additional study which confirms the pro-
posed configuration of xylene adsorbed on the
surface site was also carried out and reported.

Some Considerations on Aromatic Reactions
under Pressure

J. Osugi, I. Onishi, T. Fujii and F. Tanaka
Department of Chemistry

Faculty of Science

Kyoto University

Kyoto/ Japan

Benzidine Rearrangement: The effect of pres-
sure on the kinetics of the acid catalysed benzidine
rearrangement was examined. The reaction order
with H* was Ist order and/or 2nd order depending
on the substituents. The rate constants and acti-
vation parameters were determined at elevated
pressures. The volumes of activation of variously
substituted hydrazobenzene are considered in
terms of the electro-donating and -attracting
characters of the substituents.

Rearrangement of N-Chloroacetamide: The
rate constant kp, extrapolated to zero ionic
strength, is a function of the dielectric constant
D of medium. The plot of Inkg vs. 1/D should
be linear with a slope of —E2Z,Zy/kTr, where
r is the distance between two ions. Rate measure-
ment under pressure in various media will show
the pressure effect on r. In the case of Orton
rearranggment, apparent values of r showed no
change with pressure up to 2,000atm,

Photodimerizations of Anthracene and Its

Derivatives: They were studied in solution under
pressure up to 3,000kg/cm?. Changes of quantum
yields with pressure were obtained. This reaction
is considered as diffusion controlled.

Taking account of the pressure dependence of
the life time of the lowest excited singlet state
obtained from the measurement of fluorescence
intensity, change of reaction rates with pressure
corresponds quantitatively to the change of reci-
procal of solvent viscosities with pressure,

The Penultimate Effect on Copolymerlzation
under High Pressure

Y. Ogo

Facully of Engineering
Osaka City University
Osakaf Japan

Several copolymerization systems must have
been considered that the reactivity of a growing
chain in copolymerization might be influenced by
the nature of the remote monomer units, which
has been proposed as the penultimate efiect on
copolymerization, Accordingly, unusual pressure
effect have been expected on these copolymeri-
zation systems because the volume of transition
state would be abnormally large in order to inter-
act between remote unit of polymer radical and
MONoOmer.

On these copolymerization systems, the co-
polymer compaositions calculated from the penul-
timate or pen-penuitimate model equation satis-
factorily represent the experimental results and
the copolymer compositions are affected by pres-
sure. High pressure is presumed generally to be
effective for the eliminaling the penultimate
effect on these copolymerization.

The Properties of Polymer Solutions under
Pressure

S. Claesson

Uppsala University

Institute of Physical Chemistry
Uppsala { Sweden

Most of the work described in this lecture has
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been done at Uppsala during the last ten years.

First our experimental technique will be dis-
cussed. Portable cells with windows for obser-
vation up to 8,000atm have been designed.

For solutions of polystyrene may be mention-
ed: the change in virial coefficient wilh pressure
{04./0P), which theoretically depends on 4V,
can be related to the heat of mixing of the poly-
mer for simple systems. Solutions with exother-
mic heats of mixing give a positive increase in
the virial coefficient which levels off at high pres-
sure. Endothermic solutions give a decrease
leading eventually to precipitation,

+ The pressure dependence of the virial coeffici-
ent varies strongly with the composition in
solvent mixtures.

+ The molecular weight dependence of (94./
dP)7 in both exothermic and endothermic sys-
tems is substantial.

« Measurements of the Rayleigh ratio as a
function of pressure are also reported.

Quasi-elastic light scattering measurements
give the pressure dependence for the diffusion
coefficient and accordingly the frictional factor,
Both polymers and proteins have been studied.

Effect of Pressure on Hydrolysis of Esters by
Polymer Sulfonic Acids

K. Suzuki, Y. Taniguchi and N. Sugivama
Depariment of Chemistry

Faculty of Science and Engineering
Ritsumeikan University

Kyoto/ Japan

The hydrolysis rates of aliphatic esters (me-
thyl-, ethyl-, s-butylacetate) by polystyrene sul-
fonic acids were found to be decreased by pres-
sure. The volume change of activation (4V*)
accompanying the hydrolysis showed ta be posi-
tive and the values increased with both increase
of hydrocarbon parts of esters and the decrease of
the sulfonation degree as catalysts. These results
seem to correspond to the strength of the hydro-
phobic interactions between esters and polymer
catalysts,

While, the hydrolysis rates of esters by ortio-
benzal sulfonated polyvinyl alcohols were ac-

-celerated by pressure. The absolute values of
AV*, which was the negative sign, decreased
with increasing both hydrocarbon parts of esters
and the degree of the sulfonation.

These differences of hydrolysis of esters under
pressure will be explained by the volume changes
accompanying the intermolecular interactions
between substrates and catalysts.

Pressure Effects on Hydrated Ions

J. Osugi, M. Nakahara, E. Hirayama,
Y. Matsubara and M. Ueno
Depariment of Chemistry

Facully of Science

Kyoto University

Kyolo/ Japan

The conductivity of electrolytes in aqueous
solution has been measured under high pressure.
The results of the following subjects will be dis-
cussed.

Ion-Pair 2 Free lon Equiribrium: We can
get the dissociation constants of various kinds of
ion-pairs under high pressure, by which the molar
volume change in the dissociation process, 417,
and the colsest approach distance of ion-pairs, 4,
according to the Fuoss theoretical equation. are
calculated. 4V and & oifer informations about
the solvation (hydration) of ion-pairs, Such ion-
pairs as [Co{NH;)g}** - 804", Mg**-50,*, Ca®*.
80,8, [Co(NH;)sNO:J+-50,% and Ni*+.S0,2
have been studied.

Ion-Water Interaction: The conductivity
measurement is one of the most effective methods
to study the ion-solvent interaction, since the
limiting equivalent conductance, A°, can be di-
vided into the individual limiting ionic conduct-
ance, 4,°, with the aid of the transference number,
{;°. We have determined i* (K*) in KCl by the
moving boundary method up to 1,500kg/cm?,
Also, the limiling equivalent conductances under
high pressure, A°(? have been measured on
[Co(NH3)]:(504)s, MgS0,, CaSO,, [Co(NH;);
NO,JS0,, NiSO,. KCl and R,NCl in water.

We can estimate the ion-solvent interactions
of each ion through their hydration numbers or
the Walden products,
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Pressure Effect on The H.-O, Flame

I. Sorgato

Instituto di Impianti Chimici
University of Padova

Padova/ Iialy

In order to investigate the structure of the
flame under pressure the usual technique for
studving the flames was combined with the
technique of the propellant motors {where the
combustion chamber pressure is about 23 atm).

The flow reactor is & quartz tube, 1. D. 2cm,
concentric with a second quartz tube for water
cooling. The quartz allows optical measurements;
we have measured the temperature through the
reversed-line method and the OH radical con-
centration spectroscopically ; but at the same time
pressure is limited; we have attained 12atm at
3300°K,

Furthermore other quantities are measured:
flow velocity, gas enthalpy and non-radical
species composition, utilizing the same probe,
which is water cooled and designed with a nozzle
for expanding the sampled gas and freezing the
composition.

The compositional, flowdynamic, enthalpic
and thermal profiles are obtained: at the same
time one may observe as far as the pressure is
increased that the flame front thickness is decreas-
ed, while the radiant energy js increased, The
thermal profile shows twa maximums related to
the reaction stages.

The radical chain reaction kinetics, as adopted
for close vessel or flow reactor at low pressure,
cannot be fully applied. The mechanism is
changed; even this elementary reaction, H;40,,
is remarkably influenced by the pressure,

On the Pressure-Induced Organic Reactions

J. Osugi, K. Hara, M. Okameto and T. Takahashi
Department of Chemisiry

Facully of Science

Kyoto University

Kyoto| Japan

Reactivity of nitriles, ketones and aldehydes
under high pressure has been investigated. The

aspects considered are i) the influence of the
characteristic properties of fumctional groups:
cyano- and carbonyl-groups, ii) the influence of
molecular species in the reactants and iii) the
effects of pressure on the critical reaction con-
ditions such as ceiling temperature or floor tem-
perature.

Polymerization of Nitriles: Linear polymers
with carbon-nitrogen conjugated chain:

~-C=N-)

have been obtained under high pressure above
ca. 20kb from the polymerization of cyano-groups
in dinitriles such as malono-, succino-, glutaro-
and adiponitrile. The products are thermally
stable and insoluble. While dimethylmalono-
nitrile, which has no e-hydrogen, is hardly to
polymerize. This shows that the existence of
a-hydrogen plays an important part in these
reactions.

Condensation of Ketones: Several ketones
undergo condensations at pressures above 20kb
and temperatures above ca. 160°C without cata-
lvst. In a condensation of cyclohexanone, four
products confirmed are:

ooaoﬁo%ogn

) (m) (V)

The structure of products seems to suggest the
existence of a keto-enal type equilibrium and the
increase in the enol form at high pressures. The
yield of (IV) increases as the pressure and the
temperature are raised.

In both of these reactions in nitriles and
ketones, the reactivity comes from a strong
polarization of functional groups; cyane- and
carbonyl-groups, so that the o position plays an
important contribution to the reactions. The rates
of bolh reactions are very fast and the rather
clear-cut conditions to cause the reactions like
“floor temperature” are observed at high pres-
sures,

Polymerization of Aldehydes: n-Butyr-, iso-
butyr- and propionaldehyde with catalyst DPPH
appear to undergo the somewhat different poly-
merization to give a polyacetal type polymer at



The Review of Physical Chemistry of Japan Vol. 42 No. 2 (1972)

International Regional Meeting, AIRAPT 141

5,000~8,000atm and 5~40°C. From the pres-
sure dependence oi the ceiling temperature, the
pressure dependences of the thermodynamic
parameters accompanying the polymerization are
derived,

Solid-State Reactions in Some Organic
Charge Transfer Complexes under Super
High Pressures

A. Onodera, T. Sakata, H. Tsubomura and
N. Kawai

Depariment of Material Physics and
Depariment of Chemastry

Faculty of Engineering Science

Osaka University

OsakafJapan

The electrical resistance of some organic
charge transfer complexes was measured up to
several hundred kilobars in a split sphere ap-
paratus. In the following complexes the irrever-
sible rise in resistance was observed; p-phenyl-
enediamine-chloranil (PD*-CA-), N.N-dime-
thyl-p-phenylenediamine-chloranil  (DMPD*-
CA™), N, N, N, N'-tetramethyl-p-phenylenedia-
mine-chloranil (TMPD*-CA~), dimethylaniline-
chloranil (DMA-CA), p-phenylenediamine-bro-
mide (PD*-Br~) and p-phenylenediamine per-
chlorate (PD*-Cl0y~). On the other hand the
resistance of potassium-chloranil (K*-CA-),
Woaurster's red perchlorate (WRP) and Wurster'’s

blue perchlorate (WBP) decreased monotonously.
The irreversible effect was attributed to the
chemical reaction occurring in the solid state
from the inspection of the UV, visible, and in-
frared absorption spectra, and also the ESR
spectra, of the recovered samples after compres-
sion. At extremely high pressures the possibility
of polymerization may be expected.

Electrochemical Reactions of Ferrocene
Derivatives at High Pressures

M. Sato

Laboratory of Analytical Chemistry
Facully of Textile Science

Kyoto Technical Usitversity

Kyotof Japan

The activation volume and the diffusion con-
stant of ferrocene derivatives for the electro-
chemical reaction were measured at high pres-
sures up to 1,000atm.

The cyclic current step (c. c. s.) method was
used for the measurement of the exchange current
density. The low-frequency rectangular current
was applied to the platinum micro-electrode
dipped in a methanol solution containing fer-
rocene-ferricinium couple.

Ferrocene has the apparent activation volume
of about —10c¢c/mole for the electrode reaction
and its diffusion constant augments with the in-
crease of pressure.

Production of High Pressures

Sliding Anvil and Low Temperature Optical
Device

B. Veodar

Lab. des Houles Pressions

Centre Nalional de la Recherche Scientifique
Bellevue/ France

These presentation describes briefly the
recent developments of two apparatus at the
CNRS laboratory at Bellevue,

A prototype of sliding anvils, developed by
R. Epain and Mme Loriers-Susse have been con-

structed in the type 1 design comprising 4 anvils
sliding in one plane and two stationary anvils,
the initial volume of the cell being 372mm?,
Teflon or mica foils were used for reducing friction
with tale or AgCl as pressure media. Calibrations
were successiully made from electrical conduction
measurements on Bi I-1I, Bi I1I-IV, Ba I-II and
the upper transition of Sn. It was demonstrated
that there was no appreciable extrusion and that
the displacement of an anvil permitted to deter-
mine volumetrically phase transitions, because of
an increase sensitivity due to a differential effect
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of the 2 sets of anvils (for example the 4V of Bi
I-1I was measurable with only about 4 mm® of Bi
in the cell).

In concluding the main advantages of this
type of apparatus are stressed: tightness against
loss of matter, sensitivity to volume changes, in
principle no limitation of the useful stroke and
therefore independance of the pressure reached
from the volume used, good lateral compression
permitting increase the elatstic behaviour of
materials to higher loads.

An optical cell for infrared studies up to 14
kb at 2°K was developed by Dr. Marteau and Dr,
Vu Hai: the pressure can be varied at low tem-
peraturcs as it is produced by a piston actuated
by a press kept at room temperature; the moving
seals, made of potassium metals, proved very
satisfactory; the cell made of copper beryllium
alloy is equiped with sapphire windows, Infrared
pressure induced spectra of Hy, and D, are re-
ported; a strong increase of their intensity was
noted when the density of solid H; is increased
two fold; shifts in the phonon bands are about
10 times larger than in those of quadrupole bands.
Such results provide interesting checks of theo-
retical calculation of the behavior of molecular
solid hydrogen in view of foreseeing the tran-
sition into metallic hydrogen.

Mechanisms and Mechanics of High-
Pressure-Generating System

M. Kumazawa

Department of Earth Sciences
Nagoya University

Nagoyaf Japan

A study of the high-pressure-generating sys-
tem is made and the discussions are presented as
to what is most appropriate for generating extre-
mely high static pressure. The essential points to
reach the higher pressures are (1) the suitable
combination of mechanism for supporting the
components such as anvils of the pressure-gene-
rating system, and the way of the pressure inten-
sification, (2) the mechanism having the un-
limited stroke of the components of the system to
compress the pressure medium and (3) the bigger

press to confine larger volume,

The optimum mode of the pressure intensifi-
cation and of the supporting the components of a
system is presented. A possibility is suggested for
generating the extremely high pressure in a very
large volume by using the finite strength of mate-
rial, provided that we have a very hig press with
very large allowance. As for the second point, the
most promising one is supposed to be the MASS
{Multiple-Anvil Sliding System) of three dimen-
sional geometry.

Several different types of MASS apparatus
under developement in Japan are presented to-
gether with the data of the test experiments up
to 200kb or more.

Kobe Steel Type Super-High Pressure
Apparatus and Its Modification

H. Hamada, N. Suzuki, T. Yamada S. Kuroiwa
and T. Kishimoto

Kobe Steel, Lid.

Kobe | Japan

A characteristic of Kobe Steel type super-
high pressure apparatus is that it can produce
pure hydrostatic pressure in the material by the
six anvils uniformly advanced by the surfaces
inclined at an angle of 45° to the vertical axis of
the apparatus. In order to spread a zone of uni-
form temperature in the sample material, we have
studied to modify the shape of sample chamber
from cube usually used to a quadrilateral prism.
In the modified configuration, we have made a
tentative calculation on the pressure and tem-
perature distribution in the sample material
under the super-high pressure conditions,

Cubic Anvil X-Ray Diffraction Press

K. Inoue and T, Asada

Asada Fundamental Research Laboratory
Kobe Steel Lid.

Kobe [ Japan

Cubic anvil X-ray diffraction press were de-
veloped, with which powder dilfraction patterns
of substances at pressure up to 100kb and tem-
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perature to 1,000°C can be obtained.

Debye-Scherrer powder diffraction geometry
were adopted in this apparatus. Mo K charac-
teristic X-rays are introduced through one of the
gaskets of cubic anvil apparatus and impinged
upon sample at the center of cubic pressure me-
dium made of amorphous boron filled plastics
composite material. Diffracted X-rays through
the opposite gasket are detected with Nal (T1)
scintillation counter. Diffraction patterns are re-
corded by fixed-time-counting method using step-
scanpable goniometer in order to obtain good
counting statistics. Consequently lattice parz-
meter can be determined within error of 0.124.
Compressibility measurements of some alkali
halides, oxides and intermetallic compounds are
reported as an example of use of this cubic anvil
X-ray diffraction press.

The Link-Type Cubic Anvil, High Pressure-
High Temperature Apparatus

M. Wakatsuki, K. Ichinose and T. Aoki
Toshiba Research and Developmen! Center
Tokyo Shibaura Electric Co., Ltd.
Kawasaki| Japan

In the link-type cubic anvil apparatus, which
was developed by Toshiba-Tungaloy Co., Ishi-
kawajima-Harima Heavy Industries Co. and
Tashiba R & D Center in cooperation, a uniaxial
force from a usual oil press is converted into tri-
axial forces by a frame structure consisting of
movable links, Geometry of the link mechanism
ensures synchronized and equal compression by
the vertical and the lateral anvils in a sufficient
accuracy. A very accurate alignment of anvils is
achieved and maintained throughout hundreds of
successive usages. Pressure is elevated reprodu-
cibly up to the Bi (3—5) and the Sn transition
pressures, with 10mm- and 6.4 mm-edged anvils,
respectively. Further, by correcting the effect of
elastic deformation in structural parts, anisotropy
is completely eliminated both in anvil move-
ments and in generated pressure. Temperatures
higher than 2,000°C are attained in a heating ele-
ment, 4mm in diameter and 8mm long, while
anvil-temperatures do not exceed 300°C., Per-

formance of the apparatus will be discussed in
details, together with some experiences of prac-
tical use in high pressure synthesis research.

On a Multi-Stage Split Sphere Apparatus for
High Pressure Production

N. Kawai

Department of Material Physics
Faculty of Engineering Science
Osaka Universily

Osaka/Japan

6-8 Double Stage Anvil Type High Pressure
Apparatus

M. Nishikawa, M. Yamada and N. Asami
Mitsubishi Alomic Power Industries
Jopan

The apparatus which can generate the pres-
sures more than 200kb has developed. This ap-
paratus consists of eight cubes which act as 2nd
stage anvil and six 1st stage anvils surrounding
the Znd ones. The znd stage anvils, the corners
of which are cut, form the octahedral pressure
space. Anvils are shielded within rubber shell
and drived simultaneously by oil pressures. In
the pressure space, pyrophyllite octahedron Is
inserted as a pressure media. According to the
scaling low examination, the obtainable pressure
and temperature depend on the volume of the
pressure space. When the octahedron of 8 mm in
edge length is used, the maximum pressure and
temperature will exceed 200kb and 3.000°C,
respectively. The generated pressures are cali-
brated against the oil pressures at both room
temperature and high temperatures. As the pres-
sure standard, electrical conductivity transitions
of Bi, Ba and Pb are used at room temperature
and the phase transitions of cobalt silicate and
silica are used for high temperatures. Pressures at
high temperatures are slightly higher than those
at room temperature for same oil pressure. Many
high pressure transformation experiments have
been made.
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Test of Large Bridgman-Type Anvil

B. Okal and J. Yoshimoto
National Institute for Researches in
Inorganic Materialsf Japen

The pressure distribution within a gasket
squeezed between Bridgman anvils is expected to
be the same if the ratio of diameter to thickness
remains constant, Previously relations connecting
the final thickness of pyrophyilite disc, the load
and the pressure were obtained for Bridgman
anvil of 26 mm diameter. From the apalysis it
was found that up to 80kb the shear stress, max-
mum shear strength of pyrophyllite, varies with
pressure linearly. Above 80kb the efficiency of
pressure generation diminishes with increase of
loads. Test were also done with Bridgman anvils
having center flat of 78 mm diameter, the central
part being 50mm diameter WC cylinder sur-
rounded with SKH steel ring. Up to 80kb the
relation between generated pressures and applied
loads is perfectly similar as in the case of 26mm
diameter anvils, Above 80kb the efficiency of
pressure generation diminishes as before and the
remnant thickness of gasket is nearly constant.
The Ba (2-3) transition was not observed under
the load of less.than 950 ons.t From these facts it
is considered that above 80kb pyrophyllite does
not flow plastically and the actual shear stress is
smaller than the maximum shear strength by far.

High Pressure Studies Using a Diamond
Anvil Device

M. J. Moore

General Eleciric Co.

Corporate Research and Development
Tokyo Office

The use of the small and compact diamond
anvil high pressure cell allows the scientist to
perform high pressure experiments with a rather
modest investment for equipment. The size of
the device permits optical, X-ray and spectrosco-
pic measurements to be made quite easily. By
applying gasketing techniques and utilizing a
fluid pressure transmitting medium, it is possible
to obtain nearly hydrostatic pressures. The de-

gree of hydrostaticity can be measured by ob-
serving X-ray line broadening. The use of gem
type diamonds produces a clear optical path
which allows optical abservation of high pressure
phase transitions as well as the measurement of
changes in the absorption properties.

X-ray optical and spectroscopic measure-
ments up te approximately 150kb have been
made using a diamond anvil device.

Effects of Shear on Growth of Coesite under
High Pressure

S. Naka, T. Kameyama, S. Ito and M. Inagaki
Faculty of Engineering

Nagoya University

Nagoya/ Japen

Crystal growth of coesite under high pressure
depends strongly on the starting material and
also on the experimental condition. The processes
of crystal growth of coesite from amorphous
silica, crystoballite and quartz were investigated.
A girdle-type high pressure apparatus was used.
The starting material of about 50mg, which was
added about 102 of distilled water or sedium
hydroxide solution, was heated at 910°C under
30kb for various times. The process of growth of
coesile was found to be determined from many
factors, relaxation of stress in the sample which
may be induced from external shear, solubility of
the sample into solute and stress gradient in the
pressure cell.

Oriented Growth of Graphite in Pressure
Sintered Carbons

M. Inagaki* and K. Kamiya**

*  Faculty of Engineering, Nagoya University/
Japan

** Faculty of Engineering, Mie University[Japan

Carbons, even non-graphitizing carbons, have
been found to be sintered and graphitized at
about 1,500°C under the pressure of 3kb. The
remarkable incresse in density and the neck for-
mation were shown by using small spherical
particles of carbon. The graphitization initiated
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at the contact points. in other words, stress con-
centrated parts, of the particles and to grow into
mitrix. The growth of graphite was found to be
oriented, being its basal plane parallel to the
stress gradient, from the observation by the
polarized light microscopy. By scanning electron
microscope, the same conclusion was obtained.

Shock Wave Techaiques

S. D. Hamann

CSIRO

Division of Applied Chemistry
Melbournef Australia

Shock waves from explosions are capable of
prducing pressures very much higher than any
that can be reached by static methods at the pre-
sent time. For instance, Trunin and his col-
leagues in the Soviet Union have recently suc-
ceeded in measuring the densities of some metals
at shack pressures as great as 50 Mbar (=5x 10"
Py).

Shock wave techniques have the added ad-
vantage (for some purposes) of combining high
pressures with very high temperatures, so that
some chemical reactions that are normally very
slosy occur in less than one microsecond in strong
shock waves. However, the techniques have the
disadvantages that the shock conditions are very
short-lived; that it is not easy to vary the tem-
peature independently of the pressure; and that
it is extremely difficult to recover a specimen
intact after it has been strongly shocked,

The speaker has used shock wave methods to
study: (a) the chemistry and physics of water
and aqueous solutions at pressures up to 300kb
and temperatures of several thousand degrees
Kelvin, (b} the chemistry of non-aqueous solu-
tions under similar conditions, (c) shock-induced
polymerizations of solids and (d) “metallic
transitions” of insulators. Some remarkable
changes have been found.

Isostatic Pressure Produetion by Using
Molten Glass or Salt as a Pressure
Transmitting Medium

A. Sawaoka and S. Saito

Research Laboratory of Engineering Malerials
Tokyo Institute of Tecknology

Tokyo/ Japan

Some techniques for hot isostatic pressure
production by using molten glass or salt as a
pressure transmitting medium were developed
for hot isostatic compaction of powder compacts.
Low viscous and poorly reactive materials at
desired high temperature were used for pressure
transmitting medium. Three methods fer this
purpose were tried as follows.

(1) Powder compacts were compressed in
graphite die with molten glass or salt. Maximum
temperature and pressure are 1,800°C and 0.3kb.

(2) Powder compacts were compressed in an
inner graphite heater in a piston cylinder type
high pressure device. Maximum temperature and
pressure are 1.600°C and 50kb.

{3) Powder compacts with molten pressure
medium were compressed dynamically for a very
short time. High dense semi-sintered compacts
can he ohtained by this methad. Very high dense
sintered bodies can be produced easily by heating
of the ahove compacts at atmospheric pressure.
Some properties of these media are discussed.

Production of High Liquid Pressure by Using
a High Speed Hammer and Its Application to
Industry

M, Takamatsu

Project Manager. Development Department
Tokyu Car Mfg., Co.. Lid.

Yokohamaf Japan

In 1966, a prototype machine was built by
Tokyu Car Manufacturing Co. to generate im-
pulsive hydraulic pressure of several thousand
atmospheres. Since then, extensive improve-
ments have been tried and completed on the
operational reliability and durability. A series
of versions have been turned out as models of
shockless design, of higher pressure, of longer
duration, and of larger energy output.

The machine functions in the following man-
ner. In a vertical cylinder, a hammer is accele-
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rated by compressed air. A plunger integral with
the hammer is plunged into liquid in a pressure
chamber. Kinetic energy contained in the high
speed hammer is imparted to the liquid to gene-
rate hydraulic pressure, which useally lasts seve-
ral milliseconds,

High pressure thus produced is applicable to
high-energy-rate forming, high speed powder
compaction, water jet working, elc. As an ex-
ample, forming machines consisting of this pres-

sure generator coupled with an automated for-
ming die set are now widely used for mass pro-
duction of machine parts, such as automobile
bearing spacers, V-belt pulleys, shock absorber
elements, push rod covers, and pipe fittings.

Capable of producing high pressure with safe
and easy operation, the pressure generator is ex-
pected to contribute to various feld of science as
well as industry.



