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ABSTJ1ACT 

Transition Pressur~s of Ei 3 - 5, Sn and Fc. ~r CO~TRE . 

I!aking use of "X type anvil", the chanGe in 

resist~nca of two reference netals in each run were si~rult a­

neously recorded in c r dor to corn~aro their transition ' pressures. 

A linear extrapolation throu ~h the well known points b8 1o~ 

60 l;:bar sho'."lCd inconsi:;tm~iS3 in the most com.;nonly u S2d hi~h 

pres sure s cales. The recording of the pistons displaccDGnts 

lc~d to an exp o nential extrapolation which gave tra~~ ition 

p r'c ::;sures of I'S + 2 }.b8.r for El. 3 - 5, of 102 + <1 l).ba:c for Sa 

and of 140 + 15 kbar for Fe. 
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I - !NTRODUCTION 

The e xact ra')ZtSul'cment, or even the Si111ple evn.h.ntion 

of the pressure which is built up inside a high pr essure sol i d 

medium apparatus, has from the beginning always been a problem. 

It was only in piston-cylinder apparatus that a direct 

l'ncasurement of the pr~ssure was possible. Thus i t bCC~F::O 

feas ible, 111~Jd ng use of the phase transitions of a nu .. bO T of 

metals, to evalua te the p:cessure which was built u.p in r ,l Ol"e 

intrj.catc apparatus like "belt" below 60 kbar. 

Above 60 kbar there is much confns ion taking into, 

account , the various datas that have been pub lishad to d n y 

(table 1). Lately, during the same year 1936, two teams, onc 

from U. S. A. Vlorldng which Professor HALL} (II) the othor 

from Soviet Union working with Professor VEEESCIIAGIN (13) 

,published in earnest that the high Bismuth transition cc cured 

at 76. 5 + 2 kbar for the first one, at 89. 3kbar + I % 
for the second one. 

The research workers in the high pressure field 

cannot remain unconcern9d by that state of the art, if they 

wish to make more precise measurements • 

. . . / ... 



I PRESSURE TRANSITION IN KILOBARS 
APPARATUS YEAR AUTHORS REF.!I-------~----:r-I----,-----~----'------~----~------.r----

Bi Bi Tl Ba Yb! 3i I Sn Fe 1 Ba 
I-II II-III II-III II-III I III-V ! I-IT o{-,c. 

~-P-i-s-t-on---C-Y-l-i-n-de-r--~-)'-9-4-1~B-R-I-D-G-MA-N-----------------r----~2-5----T,-----~-,2--/~I-5-8-,8--1' ·-----188,2 Il! 1----

t'942 -in volume change (vol) 140 GO 90 

Bridgman's anvil 1952 BRIDGMAN-by resistance (res) 2 25,65 127,08 45 , 78,4 58,8 f . O data below 

Shock 

Belt 

Shock 

Drickamer's anvil 

Piston-cylinder 

Drickamer's anvil 

; PiSton-cylinder 

Tetrahedral press 

Bridgman's anvil 
aridgman's anvil 
Piston-cylinder 

Tetrahedral press 

Cubic press 

Tetrahedral press 

Piston gauge 

Dead-\leight 
pi!:ton jauge 

Piston-cylinder 

(res) , ! 180 ' 100 kbar ' 

1956 BANCROFT &c al 

1958 BUl--.'DY 

1960 BOY ~ ENGLAND 

(res) 

(res) 

1961 BALCHAN & DRICtAMER (res) -

1962 

1962 

1963 

1963 

1964 
1964 
1965 

IENNEDY - LA MORI (vol) 

BALCHAN 8< DRICIAMER (res) 

ILEMENT-JAYARAMAN-IENNEDY 

HALL &c MERRILL (res) 

STARI & JURA 
STROMBERG ~ al 
ROUX 

1965 JEFFERY (vol) 
(res) 

5 

17 25,65 27,08 45 

14 25,2 I 37,1 

4 

3 

9 

10 

18 

6 
24 
21 

8 

25,38 
::to, 02 

26,96 36,7 
::to, 18 .::. 0, 1 

78,4 58,8 
180 

159 :!: 

59,6 
± 1 

122,5 

90 + 2 

"'78 

81 + 4 

t 76, 5 
+2 

1965 GIARDINI lx SAMARA (ind.vol) 19 81-82 

1966 
{

JEFFERY 

BARNETT 
VAN FLEET 

HALL 

(res) 

[
- s~eet 

- \llre 
1 1 

t 26,2 i 29,1 
:!:0,8 ::to, 8 

i 26,5 29,7 35,4 j54,6 t38,21".75,7 

1966 VERESHCm.GIN, ZUBOVA & al 13 

::t 1 ,3 .::. 1 ,4 ±2, 1 ::to, 9 .::. 1 ,5 1 !::t 1 ,3 

1 1 11. 11. 1/. I');:' 

114 

113 I 
115 

131 

133 
:!: 1 ,57. 

99 + 4 118 +6 10r 

t 92 -
.::.3,5 

(vol) 

25,-1 26,9

1 

36,9 53,5 I 89,3 

{
25'iI ' 

I 
_+0,06 accordin!J~gritin size Cl.!'l d purity 25,50 

20 1967 HEYDEMAID'r 

1967 IIENNEDY ~ al 

------------~.-.'---- .-. '. __ ._1 __ ---~_U~~ J __ L_ J ____ .. _ .. ..,. 
N~r'f' r'." .r '~,~ 'r .. ~ 

144 



'tenC1es OI 'tne mal.n pre~~urt: ::SC<:I..J.t::l:J .&.11 ,,"ue !-'a. ... '-.................. ..... ................. - --­

apparatus called "X type anvil", and to suggest possible values 

for the transition pressures of Bismuth 3 - 5, of Tin an Iron. 

The four most widely used pressure scales, called A, B, C, D, 

(table 2) have been chosen so as to be compared. Making the 

asumption that the transition pressures below 60 kbar are 

accurate, a linear. extrapolation reveals a few inconsistencies 

From the piston displacement recording, an analytical expres­

sion of the calibration curve is then derived. It is thus 

possible to evaluate the higher transition pressures. 

o 

o o 



TABLE 2. -

- prillSSU~B SCALES -

PIlE S SUl:.E TnA1~SI'l'ION IN I(II..I01~1\ r:S 

REF YEAR AUTHORS Bi Di I T1 I r'l llI_~~II 8n Fe 
1-11 11-111 II-II1 II~III 1-2 

- - - ----- - ... -------
I3RIDGMAN 25,4 26,8 36,7 53,5 89 113/ 133 

A 1962 ImNNEDY -LA-MORI 115 

DALCHAN-DRICKAMER + 0,1 + 0,1 + 0,1 + 0,6 + 1 - - -

& 
I 

f965 STARK 25,4 26,8 36,7 59 81 107 133 

B JURA - STnmlIDERG 
1966 + 0,1 ..:t 0,1 ..:t 0,1 + 1 + 4 + 4 - - -

JEFFERY 25,0 35,6 54,5 75,5 92 

C 19G5 BAHNETT 
BALL 

D 1967 VEnESIICHAGIN & a1 25,4 36,9 58,5 89,3 

+ 1 Of + 1 Of + 1 % + 1 et /0 ,0 10 - - - -



been des c r jbod (31) (32) (35) ard first present od at the 

Group (1 05 G). It conn~~ of a die and of pistons uith a 8~ eci~1 

::Jln.PO as ::-; 11 0 \'/ ,1 on f :i. ~~u ro 1. It a llows to build , insid~ ['.. volH 21.f) 

wllich i ~i i(: '~!ltic::', l t o th~t of a "be lt", htgbol' pr ~~ :JstJ~:' Q 3 

~ i thout d~~~~2 . The call body is made of pyrophyllito Hnd the 

g~::.!:ets arc) of a Idx€!d tYPD , th':'l.t is to say t hey consi .-;t 01 a 

'0 "" '~h 11i'·r., " {'.r '=1 "11 f t · flr. ', 'rr (f'rt .,...., 1) 
A ,1 J . 0." y. _. __ I,;~. l1.nl.>. c:d .. C 0 a c . '-'. r~n .:> .. 1....>u ~. ~ • 

at 1'00:'1 tCI'" f):: 1'2.turo. This pl'occd !re eliminat!:'~~ '~!!e J. ac~: of 

rcprodu(;t ibili ty of the calibr2. t ion CUI've. 'i'h r..) speCii,;l) ::- S lor:a t ('_~ 

stdc by side, at 1 Dl;;l fro~l each other, inside a toil:);,l cyJ.j,n~! .: ' l·' 

(~ =" 4 m;n h =3 '·.::-:1) ,·,.!1ich was in the canter of th() cell. (:(j Q;1.'. 2··C' 2) , 

The metal samples W8ro 0,5 mm in diamTcer and 4 r;:m long \ '! iI':?':':. 

The electric~l connGctions were established botwcGn th2 pi ston~ 

and the chr\.J!:\bcr. The chemical analysis of thG samples j.s given 

in table 3. 

At the same time that the resistance changes were 

recorded, the displacements of the pistons towards each other 

were measured, making use of 4 dial gages located at 90° angle 

around the high pressure appl?ratus (figure 3). All tlw I?18asu­

rements have been carried out during the first increase in 

pressure run and the loads have been measured with strain gage 

dynamometer. 

o 
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- TABLE 3 -

- Cn~:lICAL ANM.JYSIS OF THE S:~;lPLES -
-=-=-=_:::::"-==-

~-

0 .:',: :1)1-,"S S Di Tl Ba Sn Fe 

r ... \JT,~If 
96,5 /. 9 ~y" 9, ~l-> 90,2% 99,9 % 99,8 01 

/0 

l)U =~I'l'Y 
. - --

Impl!l'::'t ies 

Li <'10 

Na 100 < 10 <: ~5 

rl r ~; 10 a. 50 < 10 400 25 < 50 

Al < 50 < 10 300 < 50 < 2'· ,) 

Si Tl' a(~CS < 50 80 200 ~O 

I~ < 10 < 10 <- 10 

Ca .{ 100 0, If. < 50 < SO 

Ti < 100 <100 

Cr « 50 < 50 

l'tln < 25 250 230 

Fe <- 50 <: 10 < 50 < 50 ---
Co < 10 

Ni <. 100 < 100 350 

Cu < 10 < 50 < 50 

Zn < 200 < 100 

As Traces 

Sr 0,5% 

Zr Tr2..cos 

Mo < 250 ( 250 800 

Aa' < 10 < 10 
D 

Cd ( 10 

Sn lOOOa 200:- < 50 --- < 50 

Pb 1 a 5' 1, ,. < 10 <- 50 < 50 



Fifty r una have boen carried out under those cond i­

tions , a~on~ v hi ch t h8 Fe tra ns ition wa s ob ta i nod 3 ti~~~ , t he 

Sn tr~ ns i tion 10 time s rind the Ei 3 - 5 tr~.ns i t ion 20 t i E;c~~ . 

A ty~ical resist ance r e cording i s s hown on f i gur2 4. The di~­

pl:c0~ont o f th6 p istons , a s rnG~Gured ~urinJ c~c h r Uil , ~ n s 

the s hape uh i c h i s s hOYin on fi gure 5. The lc-:lC!r ~8. l' t cO:':';: '2spondG 

to t h e extrus ion of the g.l.s !.;:ot s wit hou t much :i.IlCl'O n S C in t he 

pressure, where a s the upper part cor r esponds to t he real 

cO:;lpl'cssion o f the c olI. Cn-libration c·l.lrves , bas(~d on t he 

B ~ca le ( t ~~1 3 i ), a r e shown on f ifu~C 6 f or t~o dif fcr ~n t 

die dia"1ot c:-.· ~. I t is to be l:otccl t ha t the l O',V'0r p J.:L't 1::.: :~ :;~:-; J.' o-

ximnte1y n straight line which goes t hrou~h t he ori gin of 

coordinates. 

From thos e e xperimental res ult s , t ·.'lO tYP'2S of 

extrapolations ha ve been made tu get the tra nsition.pressnr es 

of Bi 3 - 5, Sn and Fe. 

The first one is a simple linear extrapolation. The 

second one makes use of an analytical functio n . T h e piston 

displacement recordings give a clue as to the kind of function 

which is to be chosen. When plotted on a scmi10garithmic scal9 

those recordings are quite linear in their upper portion. (Fig. 7) 

With a slope thus th~ piston dis placencnt E c~n be ezpressed as 
-f/K 

e 

Where Co is · a constant 

F is the load. 

-8-

· .. / ... 



Wh8n this exponcp..tial st<!. G'e is reached, the cxtrnsion 

is consid81'cd as achieved and the asum!Jtion is J'1ade that th:} 

chang~ in volu~c of the call is proportional to the piston 

displacement. On the other hand, the pressures which nre ~ene­

rated inside the cell are related the overall compressibility 

of its components throu:;h a law, which can be shown cm?i!.·icaly 

to ba close to an exponential with a good approxination 

within the range of e~:perJ.mcntation. (28). Fror;} th~S9 consi­

derations an expression of the calibration curve follo~ : 

P - A log (B + exp - File) 

A, Band C are constants which can be evaluated 

knowing accurately at least three expel·L.~ontal v~.lues. They 

will be chosen among the best known transition points 

(Bi 1 - 2, TI, Ba). It is obvious that when the load F is 

increased indefinitely the pressure P must go to a liLlitin~ 

value, which is the case with the above expression provided 

that B is positive. It also gives curves whose concavity is 

towards increasing load as expected. 

o 

o o 



Bi 

IV- DI SCUSSION. 

1 0 ~ LIH;~AR EXTRAPOLATION. 

As the true calibration curve must go to an aSY1·\})t otic 
value when F goes to infinity, the linear extrn~Qlation 

gives excess pressures. Tha lowest among thos8 are gath~red 

in table 4 together with the corresponding values of the 

four chose n scales A, D, C and D. 

- TABLE 4 -

- LI1'I~AR EXTRAPOLA'l' ION -

Pr'~ ssu:ces in kbnr. 

SCALES A B c D 
Al:~1~d----1 
Valt:c:'"] 

---------.---1 

I 
~;OrliIlal 

3+5 Values 89 81 76,5 89,3 

.,;; 78 + 2 I Extrupo-
latcd 77,7 77,7 75,3 78 
Values 

-----1-=-____ ===1 ====== ======-- =====--== ====== ===-===-=::c::.I 
Nor.linal 

Sn Values 
-1-> 2. 

115 107 92 (115) 

Extrapo- ~lO'.l + 5 

lated 118 108 118 118 
values 

Xonina1 
Fe 

c(-~€ 
V.:'..1 1~e s 

133 133 118 - (133) 

r::~tr apo- ~l'i-O + 17 
Intcd 182 170 144 182 
V'J.lucs 



The following remarks can be made : 

extrapolated 
a) ... For the Bi 3 - 5 transition all these e.eess 

values are below the corresponding values of the scales. It is a 

striking case d incors:Jstency, at least for the scales A, 'B and D • 

. This results from the fact that the calibration curve of the 

present apparatus is nearly linear up to about 100 kbar. 

The scale C is the more coherent. 

b) - For the Sn transition the linear extrapolation 

does not reveal anymconsatency even if this extrapolation uses 

the scale value of the pressure transition of Bi 3 - 5. 

c) - For the Fe transition the linear extrapolation 

gives a result which is very far off, even if the scale value 

of the pressure transition of Sn is used. 

If a linear extrapolation is made through all the range 

the pressure transitions are found to be 78 + 2 kbar for 

Bi 3 - 5, 104 + 5 kbar for Sn, and 170 + 17 kbar for Fe which is 

certainly very far for the true value. 

2 0 
- EXPONENTIAL EXTRAPOLATION. 

The exponential extrapolation hopefully should give 
a better estimate of the transition pressures. Table 5 gives 

the calculated values. 

· .. / ... 

·-11-



Sn 

1 ~2 

Fe 
~ ... E 

- TABtE 5 -

- F.XPONE~ITIAL EXTRAPOLATIO~. -

Pressures in khar. 

SCALES A - D B C 

--

1:omina1 115 107 !)2 
Ya1ues 

Extrapolated 
110 101,8 97,7 'la lues 

~;omina1 
133 133 118 Values 

Extrapolated 
150 106 

"a1ues 

The accuracy given next to each value takes into 

a~count the uncertainty of the pressure tr3nsition of Bi 1 -2 

(25. 4 +01 kuar) of T1 2 - 3 (36. 7 + O. 1 kbar) and of Ea - . -
using the latest value given by Kennedy (29) (55 + O. 5 kbar) 

which fits better than o~hers. 

For the present apparatus it turns out that by using 

the following transition pressures the calibration curve is 

nearly linear. 

. ... / ... 

-12-
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i B 

1 -

,.. 2;) 

+ 0 

2 

---
£1 . '" 

,1 

--. 

Tl 

-------
36. '7 • 

+ 0,1 -

Bi 
Ba 

3 5 Sn -

55 78 102 

+ 0,5 +2 + 4 - - -
-

The cas e of Fe is a little different because the 

nucleation of the transition seems to depend greatly upon 

the pressure gradients inside the cell, as shown by several 

people (2G) the present apparatus gives stresses which are 

of n loss uniaxial character as a Drickamer ora Bridgman 

G'.nvil, ythich night c~~plain the high value found : 1<10 + 15 !:b8.l' . 

It thus appears that Fe does not constitute a good rcferenc0 

metal and th~t Ba should be more desirable, although its 

transition pressure is higher still (144 kbar). 

In order to fill up the gap in the high pressure 

scale , it would be desirable to find another reference 

element such as Germanium (30) (34). 

o 

o o 
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v - CONCLUSIONS 

With a "X type .anvil" ,incor.3istmcies in the high 

pressure scnles which are currently used have been revealed. 

A new pressure ' scale which fits better this apparatus has been 

established, which would locate the transition pressu~es of 

Bi 3 - 5 at 73 + 2 kbar and of Sn at 102 + 4 kbar, and of Fe 

at 140 + 15 kbar. However many authors have discussed the in­

fluence of the apparatus shape, of sample shape, . (',;'ire c.r ribbon) 

of the press ure transmiting medium, of the pressure ~ra~ients on 

the nucleation of the allotropic transfornations u~jor high pres ­

sure. Thus the abov~ conclus ions may be valid only for the appa­

ratus which was used. Rather than calibrating it would be better 

to evaluate the pressure at all time by the continuous ch~~ge in 

the property of a material such as the lattice parameter with 

X - ray diffract.ion. Provided the equation of state of the TJate­

rial is theoretically known, an apparatus such as a hexahedral 

press built in our laboratory (31) should bring in the future 

interesting results. 

-0-0-0-0-0-0-0-0-0-
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Figure 2 • Samples assembling. schematic 



Figure 3 • Photograph of the "X type anvil" showing the four dial gages used to record the 
piston displacements 
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Figure 4 • Typical behavior of the resistance of the metals used to calibrate 

the pressure generated inside the cell 
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Figure 7 • Piston displacement curve 
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