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APPARATUS FOH" 1: I " ,'l:S:,:'l,R£ RESE.l\.RCII 

PreSSLln:: is one of tile 1111.> :-;1 , " : ,"ctIVC 11l(,<.lns of alteri.ng the 

propc:rtics of a substance. Wilh i t III , : ":d ll 01,", !lot 01lly on the atoH1S 

cOlllprising Ltll~ substance but on tiw ciI .; tclll(,,' bc'Lwl't;1l tilL! atoms . While 

great, but <-l.Ltdinable , prcssun's ,In: ", qllin:u tll alLer the electron 

shell of the i.l.torns , the di.sl<.lnc.e bL!l w. I' ll llh: ,llU lllS Cdll i.l.lwdYs be 

c.hangc:d by varying the pressure.; . YI"UI:1" Lilt' kinetic point of vic;w, a 

cOll1uination of pr(,SSLlre and lC:1l11H"1''''llrc' i.s Lite Illos1 effective 1l1eal1S 

of allaining structural changl' s. 

Recently, pressures up III i(ll " (JOU (lL,n (100, OUO kg/cm
2

) have 

been employed not only in seiencI I ,ll L' I"dto r 1 C!:J , Lut i n sorne advanced 

branches of industry. However, 1" 1"1 In labor.ltory practice pressure 

is "not drawn on as willingly dS is Lt ' llipl'J"aLllrc, because of the com 

plexit y of the con. pre s s ion appari.l.tlls rC'<jui. red and because of the lack 

of industriallTIodels. The purpo se uf Lht; prc~sent article is to acquaint 

the reader with the methods of dl'vl "[,'ping high-pressure apparatus . 

llydt'osL;lLi, pn;sslIn: IS c'llljlluYl'd ill JIlvcsLig<ltions of COI11-

pressed sllbSlances to exclude Illll'(III,tl prcsslll'C' cUccts . Up Lo pres

sures of 15, 000 La 20, 000 at 111 , Jtydri..l.Ltlic or gas pressure gene r ators 

and reactors , in which a subsl<.lnc(~ is to be stlldied or transformed , 

are used. i\ppropri<.lte generators, electric leads, seals , and power 

lines already exist for this pre::;sure ri.l.nge. 

Hydrauli c pressures up to 1000 atm can be obtained with the 

NZhR pump, developed and produced by the Special Designs Offic e of 

the Institute of Petrochemical Synthesis of the Soviet Acade~y of Sci

ences . Standard equipment is not available for pressures greater 

than 1000 a,tm . Manual piston pumps may be employed to create hy 

draulic pressures up to 2000 atm in small chambers. H ydro static 
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pressures grl'uter th'lll 2.000 ,ltlll ill large cltu.IllLwrs Cull be pn><.Iuced 

ollly with machines having d spl'ciaL system of se<.lls . Ilydruulic com

pressors, continuous piston- lY1Jl~ devices with the piston rod st)alcd 

with a flexible n1eLal slecve, an~ llsed to create pressures up to 12 , 000 

to 15 , 000 atm in liquid and 5000 <.llm in gas . A great variety of such 

compressors is available, <.lnd they all work steadily and reliably . L . 

F . Vcrcshchagin , Corresponding Member of the Soviet Academy of 

Sciences, was aWardL!d the Stale Prize of the USSR for devcloping thc 

theory and design of hydraulic con1pressors , origin<.ll Soviet pressurc 

generators . 

Hydrost<.ltic prcssures <lbove 15,000 aLJll cannot be produccd 

with pressure gencr<.lLors in chd.lllbet"s of drbitr<.lry si~c; single-pass 

boostcrs are used for this PUl"POSC . 

The fan10us Americ.ull SCil!lltist, P . W . Bridgman , who devcl

oped thc so-called incompressible sC<.ll, has experi.mcnted with hydro

static prcssurcs up to 50 , 000 to 70,000 aLln. Attempts to increase the 

pressurc above that point with sin1ple boosters were unsuccessful, be

cause the piston brokc. This raised a fundamcnta l problem: can the 

pressure be raised numcrically hig her than the strength of the container 

rnaterial? In the case of thc boosLer, the problem amounted to the fol

lowing : to cre<.lte a pressure of 80 ,000 atm under the piston of the 

booster (fig. la) , the piston would have to withstand a compressive force 

of the same magnitude , which cannot be accomplished with present ma 

terials . The best steels have a cornpressive strength of only 25,000 

atm , the strongest hard alloys (e . g . ,tungsten carbide with 6% cobalt) 

hav e compressiv~ strengths of 50 ,000 to 70,000 atm . 

This difficulty, which arose in developing high-pressure appa 

ratus, was overcome because the strength of the material increases 

with increasing pressure. Employing this principle, Bridgman attained 

a pressure of 100, 000 atm usi.n g a device comprised of a booster within 

a booster, i. e ., a booster wi th ~L hydrostatic support . 
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Fig. 1. Vario lls types of high-pressure chambers 



-4-

Th<.: principll: of suppurting the mo~t highly stressed parts of 

the <lpparaiu5, given a record pr<':;;"lln; of 100,000 <ltm, wcJ..s also employed 

by lhe Soviet physici"ls In . N. Ri<.lbi Ilill , L. F . Vere~hchagin, <lnd L. D . 

Livshit:;. I1uwl,;vl,;r, their invvstig,ltiuns with sllch app,l1'atLls showed that 

i l w cJ.. s v <.; r y d i If i cull L 0 H ! d 1 i :t. e L his p l' inc I j) kin p r .L c Lie e • The m din d i If i -

c ultie::; aro::;e in dl,; ve loping 1 i Cjll i d Sl!<tl::; , in l rall Sl1l ilting informdlion about 

the investigat<.:d pl1l!llOml!l1d frtHll lile douule vessel, alld in creating ihermal 

in::;ulation when LIll! 5u.111ple W~l::; hl!<lled. New HlI..:<.ln::; had Lo be ::;oughL. 
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Fig. 2 . Press with six hydraulic cylinders 
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Substantial progress was attained by converting from hydrostatic 

pressure in gaseous or liquid media to quasi-hydrostatic pressure in a 

plastic solid. Plastic solids were used as the pressure-transmitting 

medium, for sealing, and for iher-m.al insulation of the working area in 

all the methods described below. 

Following Bridgman , one Inay attain very high pressures by com

pressing a substance between two hard pistons with flat ends (fig . lc). 

In this and the other systems shown in fig. 1, ihe pistons are indicated 

by the close-hatched .lines; as they approach each other, the space 
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containing the nledium (indicCLLcu by the dots) that translllits pressure 

to the investigated subsL<.Lnce (indl< <.Llcd by Lhe cross-hatching) decreases . 

The st<.Lt lunLiry p<Lrts dn' indicdkd by the wide hatching . The solid line 

indic<ltcs l!icct J'ic inslllLltion Lind the c1rn)\VS indic<1tc the direction of force . 

The main disLidvdntclgt~ o[ Lhis Lype of device is thaL only CL very 

smCLll volUIl1C! of tesl m<.LLcriLil C.<LJl bl : (!rnployed . T. IlCLll obviaLed lhis by 

using fOllr pistuns (instc·ad l)l' twu) d t. tl :tJ'(lhedr<.Ll angles . With Lhis ,lrr,lngc

mcnt, he WLiS able to incrvasc' lhl: dJ110liJlL of tesL substance consider<.Lbly . 

Figure' ld shl>WS Li thrvc-pisLon system t.hLit elucidates the Vohullctric 

four-piston design. 

The operc.ltion of II<.LU ' s four-cylinder press WLiS tested by L . F. 

Vcrcshchagin Lind his associaLes . Th( !y est<.Lblishcd that Lhe ch~lrnber 

design of this type of high-prcssul'l' Llpp,LI'.LLlIS WdS unsLiLis[Llctory Lilld 

thaL it was V\~L'y difficult Lu 1l)OV1' t.Jl(' ('lllJ' pistOllS ilHlcpcndcIILly toward 

the CCllll! r of the ll!trahcd 1'011. J\. s I igJ d de JhLrLll rc frorn the gI ven ge0l11etry 

leCLd lo destruction of one of the pisluns , <.Llld thus, to Lhe appearance of un

balanced n10n1cnts of force al1<1 111dlfllliCtioil of the whole apparatus . 

The piston!;; In Lhe Letrdhcd rat vari<.LnL of the high-pressure chanlber 

can be synchroni zed by guiding Lhre\! of them with a rigid h ' cl.me (fig. 1e) 

that moves along a corresponding rUllller (E . Lloyd et al., and, independently , 

V. P. Butuzov and colleague s). 

The cube and the cylinder are more suitable forms of working space . 

Figures 1£ and 19 show planar systems of cOlllpressing a plastic substance 

with a sample placed inside it, in a cubic chamber . A press with six 

hydraulic cylinders CLrranged in opposing pairs along three perpendicular 

axes (fig . 2) are used to compress the substance . 

In Vlew of the structural complexity of this typ~ of press , attempts 

were made to develop simpler high-pressure chambers with one-cylinder 

presses. 
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F. R . Boyd und 1. L . Engi(lnd, dnd llldcp~!ndl:nt of thern Iu . N . 

Riabinin und L . D . Livshits, impt"oveu thl! boost(!l"S with ...L cylindrical 

piston, supporting the stressed l! nd of the p i ston quasi-hydrostatically 

by means of a plastic gasket (fig . lb). 

In turn, L . F . Vercshchagin and colleagues strengthened the 

booster piston by using a tapered instead 01 a cyclindrical piston (fig. 1£). 

The piston lTIOVeS into the working s pace of the chamber as the plastic 

conical gasket leaks out . T . Hall lIsed a piston of cornplex shape with a 

multilayered gasket for this purpose . In lhc'se variants, a filJer of support

ing rings keeps the cyclindrical chamber from breaking . 

Returning to the possibilities of the high-pressure method, let us 

note that Vereshchagin was able to obtain a pressure of 170, 000 atm at a 

temperature of l500
0

C using the apparatus design principles examined 

above . A new, denser modification of Si0
2

, stipoverite (stishovite), was 

obtained using this apparatus. Stipoverite (stishovite) was named after 

the scientists who discovered and studied it, viz., S. M. Stishov, S. V. 

Popova, and L . F. Vereshcha:gin. 

New structural fonTIs oJ. S lb stances may be obtained at lower 

pressures as well. Recently V. V. Evdokimova discovered a new variant 

of NaCl at 18,000 atm, which, at .llm .ospheric pressure, is either meta

stable or transforms very slowly i n to 1)0 rmal structure. 

Rearrangement of the structure of substances under pressure is 

also very important for fields o lh'~r than investigation of the properties 

of substances in a condens ed stdt.e . Geophysical, geochemical, and 

metallurgical investigations a t h igh pressures and high temperatures 

are of both scientific and technological il1te rest. 
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