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ADSTP-ACT 

Transi tion Pr(:~ssur<?3 of Bi 3 - 5, Sn and Fe. r,lr CO:~TFm . 

:,!aking use of "X tYPe anvil" J the change in 

resist~nca of two rei0rence netals in each run were siyrulta-

neously recorded in c r dor to corn,aro their trans1t1on ' pressurcs. 

A line ar extrapolation throuGh the well known points bclo~ 

GO l~b2.r sho'.'lCd inconsi3tcr.ci'S3 in the most com:nonly uS8d hi:;h 

pres sure scales. The recording of the pistons displuccf Gnts 

loud to an exponential extrapolation which gave tra~~ ition 

prc ::;~,ures of 78 + 2 J~b8.r for El 3 - 5, of 102 + 4 kbar for Sa 

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

The exact r.lvar.ml'ement, or even the si!11ple cv~lu3.tioll 

of the pressure which is built up inside a high pr essu:;" e solid 

reedium apparatus, has from the beciinning alw<J.ys b:;cn R pr0blcTJl. 

It was only in pi [; t 0 u- C y 1 i nch: r appar9.tus that a direct 

measurement of the pr~5suro was possible. Thus it bccn~G 

feasible, l1':DJdng use of the phase transitions of a numlx :r of 

metals, to evalua te the pressure which was built up in ~ora 

intrtcate appara.tus like "belt" below 60 kbar. 

Above GO l~bar there is much confusion taking into, 

account the various datas that have been publish3d to d a y 

(table 1). Lately, during the same year 1936, two teans, onG 

from U. S. A. working which Professor HALL, (II) the oth0r 

from Soviet Union working with Professor VE EESCnAGIN (13) 
published in earnest that the high Bismuth trar.sition cccurcd 

at 76. 5 + 2 kbar for the first one, at 89. 31~bar + I % 

for the second one. 

The research workers in the high pressure field 

cannot rem~in unconcern~d by that state of the art, if they 

wish to make more 'precise measurements • 
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i PRESSU~E TRANSITION IN KILO!3ARS 
: APPARA""'S YEAR AUTHORS REF. I-------r----:-r-,---r-------, I I .v Bi Bi Tl ~a Yb ! 3i Sn 
I I-Il II-Ill II-III II-III I III-V 1 I-I! 
~--------------~----4-----------------------+---~------r-----~---~---4____1----~----

Fe I' Ba 
~ - (:, 

~ Piston-cylinder ['94' BRIDGHAN 1 25 139 ,2 ;158,8 1 _ 88 ,2 /1 -
--'1---

I 1942 -in volume change (vol) 4060 90 l 
Bridgman's anvil 1952 BRIDGMAN-by resistance (res) 2 25,65 127,08 145 . 78,4 58,8 f --O da ta below 

Shock 

Belt 

Shock 

Driclcamer's anvil 

Piston-cylinder 

Driclcamer's anvil 

11 P1Ston-cylinder 

~Tetrahedral press 

Bridgman's anvil 
Pridgman's anvil 
Piston-cylinder 

Tetrahedral press 

Cubic press 

Tetrahedral press 

Piston gauge 

Dead-weight 
pi!:ton jauge 

I Piston-cylinder . 
. ~ 

(res) /80 100 k bar -

1956 BANCROFT Bc al 

1958 BUNDY 

1960 BOY ~ ENGLAND 

(res) 

(res) 

1961 BALCHAN & DRICIAMER (res) -

1962 IENNEDY - LA MORI (vol) 

1962 BALCHAN 8< DRICIAMER (res) 

1963 ILEMENT-JAYARAMAN-IENNEDY 

1963 HALL ~ MERRILL (res) 

1964 STARt & JURA 
1964 . STROMBERG &t al 
1965 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 
::.0,02 

26,96 
::.0,18 

36,7 
::. 0,1 

25,5 27,6 36,8 
::.0 , 15 ::.0, 15 ::.0,6 

t 25,0 , 28,0 t 35,6 
.} ::.0,5 If::'O, 6 ::.1 ,3 

1965 GIARDINI lx SAHARA (ind.vol) 19 

1966 
{

JEFFERY 

BARNETT 
VAN FLEET 

HALL 

(res) 

5' - s~ect 
l- Wlre 

1966 " VERESHCm.GlN, ZUBOVA Lt al 

1967 HEYDEMANN (vol) 

1967 IIENNEDY ~ al 

- --- - --_ ._------

11 

13 

20 

t 26, 2 t 29,1 
::.0,8 ::.0,8 

78,4 
/ 80 

159 ::. 1 

59,6 
::. 1 

58,8 

i 54,5 i 38,1 
::. 1,5 ::.' ,3 

122,5 

90 ::. 2 

""78 

81 + 4 

t 76, 5 
+2 

81-82 

114 

113 / 
115 

133 
:!.1 , 5.7. 

99 + 4 118 +6 
107-

i 92 -
::.3,5 

144 



tenc:1es or tne ma1n pressure scaJ.e~ ~11 1.1l~ ,Pi1 ... · " .... \JU ........................... "'. ---

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 
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TABLE 2. -

- ~rrESSURTI SCALES -

P~ESSU::E TnA~~SI1'ION IN I(1:LQ1~ ~\ i:S 

YEAR AUTHORS Bi TIi I T' 1 Ba 1 Di fin Fe 
REF 1-11 11-111 II-iII 1-2 II-Ill !I-VIII 

= - -=======-==-==- ----

BRIDm.tAN 25,4 26,8 36,7 58,5 89 113/ 133 

A 1962 KENNEDY-LA-MORI 115 

DALCJIAN-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 - STROMBERG 
1966 + 0,1 .:t. 0,1 + 0,1 + 1 + 4 + 4 - - - -

JEFFERY 25,0 35,6 54,5 , 76,5 92 

C 1965 BARNETT 
HALL 

D 1967 VEnESIICHAGIN & a1 25,4 36,9 5S,5 89,3 I I 
+ 1 Of + 1 Of + 1 % + 1 rt 

I 
,0 iO 10 - - - -



Tr.o ::lp:o .: .. :r~~ tus c a lled "X typ~ · aIlvil" h:1.8 r..lr ;} ,'1 cly 

been de2c~jbDd (31) (3 ~ ) (35) and first prescn~od at t h0 

Group (I D~G ). It con~~ts o f a d ie and of pistons uith a s~oc iQl 

~ t ~l]out d~~~~~ . Tho cal l body i s made of pyr0~hyllit o und the 

ga~~Gts ar0 of a ~ixod typ~ , that is to say t hey cons i~ t o r a 

pyro,hyll ite ring anrl of a toflo~ rin~ (fi ~\~~0 1). 

at 1'00'·'\ tcJ'.;-; :1'2.turc . This procedure climina t!) (~ 't!1e J. [u:~: of 

rcproduct ibi li ty of the calibr~ t ion curve. T hr,; speci i ,I) ,~ 'J 1 oca te: :: 

side by side, at 1 ml'!l fro'~l each o ther , ins tc10 a. tcfl:)!l c y Jin :l ':'L" 

(0' = 4 JY!i'J h=3::·:.7:1 ) \";11ich was in the canter of the cell. (:(,j· s ·"L'. :!.""(' 2) " 

The met~~l sa r:!plcs W8re 0,5 IllDl in diam-:; t er aDd 4. T:4l1 long Yll!'SS . 

The electric~l connGctions were established bot~cGn tt3 pi3t ons 

and the chamber. The chemical analysis of t11'3 samples l.S given 

in table 3. 

At the same time that the resistance changes were 

recorded, the displacements of the pis tons towards eac h othe r 

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

around the high pressure appr.ratus (fi~ure 3). All t;lG measu­

rements have been carried out during the first increase in 

pressure run and the loads have been measured with strs.in gage 

dynamometer. 

o 
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- TABLE 3 -

- CI~ln ICAL ANALYSIS OF THE S;\ ; !PLES -
-=::- =-=-=-- :::": -

--
G _:~: :l)L"SS Di Tl Ba Sn Fe 

' ... 'OT ,':.1. 96,5 I. 99, 9 ~·!.~ 99,2% 99,9 % 89,8 °1 
/0 

PU ::tI 'i'Y 

- -- -

Impl~;c::'ti (: s 

Li <10 

Na 100 < 10 < ~5 

~! . Y 10 it 50 < 10 400 25 < 50 
Jl.,:..> 

Al < 50 < 10 300 < 50 < 2 " ,) 

Si Tra(~G s < 50 80 200 ~O 

le < la < 10 < 10 

Ca .( 100 0, If. < 50 < 58 

Ti < 100 < 100 

Cl" .( 50 < SO 

r,ln < 25 250 230 

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

Ni <- lOO < 100 350 

Cu < 10 < 50 < 50 

Zn < 200 < 100 

As Traces 

Sr 0,5% 

Zr Tr2..C0 .s 

Mo < 250 <- 250 SOO 

A(7 < 10 < 10 
I;> 

Cd < 10 

Sn 1000t!. 200. < 50 --- < 50 

Pb 1 a , 
1,5,. .( 10 < 50 < 50 

t 



Fifty runs have been carried out under those condi-

tion ;;~, ar:~on :; Y/11ic11 th8 Fe tran::;ltion was ob tainod 3 t lJ;::::::i, the 

Bn trans ition 10 times rind the 8i 3 - 5 tr~n~ i t ion 20 tir~n . 

A ty~ical rosi~t ancc r e cording i s shown on f J.Gur~ 4. The di~­

plac~Eont of th6 pi~tons, as rnG~Gurod ~urinJ cnch run, t~s 

tbe sh~.pe rrh i ch i s BhoYin oa fi gure 5. ThG 1 0 ',''; or 9~ rt co~.':: >:::~:;pond~ 

to thG extrus ion 01 the g.1.s !~8tS without much :i.ncl'ca se j,n :;110 

pressure, where as the uppsr part corresponds to tbe real 

co~prcssion of the c olI. Culibrat i on curves , b R80d 01 t he 

B <"C ;) le ( t" ",·, ,,, C: ) n r'r-> ~' ·L'.o-.~,'n r ,n .. ~ (,.~_ ~\. ' .' .1.. - I. , , , .. _ -.. '-' for t~o diffcr ~n~ 

ximutely a straight line which ~oos throush t he origin of 

coordinates. 

From those e xperimental res ults, t wo typ~s of 

extrapolations have been made to get the trans i tion pres~~ures 

of Bi 3 - 5, Sn and Fe. 

The first one is a simple linear extrapolation. The 

second one makes use of an analytical function. The piston 

displacement recordings give a clue as to the kind of function 

which is to be chosen. When plotted on a scmilogarithmic sca19 

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

With a slopa thus th~ piston dis placecent ~ c a n be ezpressed as 
-fir.. 

e 

Where (,0 is ' a constant 

F is the load. 

-8-
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When this exponential staG"e is reached, the cxtrllsion 

is considered as achieved and the asum!)tion is }'lads that tll:) 

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

displacement. On the other hand, the pressures which Dre zene­

rated inside the cell are related the overall compressibility 

of its components through a law, which can be .shown cm~i!.·icaly 

to ba close to an exponential with a good approxiDation 

within the range of e;~perimontation. (23). Frora th8se consi­

derations an expression of the calibration curve follo~ : 

P - A log (B + exp - File) 

A, Band C are constants which can be ev~luated 

knowing accurately at lecwt three experL.)cntal v~lues. ThGY 

will be chosen among tbe best known transition points 

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

increased indefinitely the pressure P must go to a liDitin~ 

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 
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IV- DI :3CUSSION. 

1
0 

- L n~;:;AR EXTR A.POI.,ATI O:N . 

As the true c a lib.ra t ion curve must go to an aSY1'1.ptotic 

value ~hen F goe s to inf inity, the linea r extra~olation 

gives e xcess pressur es. Tha l owe s t among those arc ga t..12red 

in table 4 toge ther with the corresponding va l ues of t he 

four chosen s cales A, D, C and D. 

- TABLE 4 -

- LI NEAR EXTRAPOLAT ION -
Pl·OSSU:l.'CS in kbar. 

----.-- ----

SCALES A B C D 
Alin~d I Valt,O[j 

-.--I 
Bi 

Xominal 89 81 76,5 89,3 
3"""5 

Vah!es 

~78 + 2 Extra po- -
latod 77,7 77,7 75,3 78 
Values 

- ---- -
Nor:linal 115 107 92 (115) 

Sn Value s 
-1-> 2. 

~lO<l 5 + Extrapo- -
lated 118 108 118 118 
values 

-. 
XO!'1in a l 

133 133 118 (133) Fe 
c:(-~S 

Y::>.l ,:e s 

L:~t r apo - ~l'i'O + 17 -
l ntcd 182 170 144 182 
VJ.1ucs 



The following remarks can be made 

extrapolated 

a) .. For the Bi 3 - 5 transi tion all these eKease 

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

striking case cL incors:lsten=y, 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 lOO kbar. 

The scale C is the more coherent. 

b) - For the Sn transition the linear extrapolation 

does not reveal anymconsStency 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. 

· .. / ... 
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-

Sn 

I ~2 

Fe 
ta(~ C 

- TABtE 5 -

- F.XPOtffirITIAL EXTRAPOLATIO~. -

Pressures in kb D.r . 

----I 

SCALES A - D B C ! 
?:omi nn 1 115 107 D2 

'--1 
Yaluos I 

I --
Exb:'apola tcd 110 101,8 97,7 ' is lues 

-. - - ---
~;o;;tinal 133 133 118 Values -_. 
Extrapolated - 150 106 Yalues 

The accuracy given next to each value takes into 

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

(25. 4 +01 kiJar) of Tl 2 - 3 (36. 7 + o. 1 kbar) a:i1d 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 fo110'."dng transition pressures the calibration curve is 

nearly linear. 

. ... / ... 
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i B 

1 - 2 

---
5.4 2,­

+ 0 ,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 trans ition seems to depend greatly upon 

the pressure gradien~ inside the cell, as shown by several 

p e ople (2G) th8 present apparatus gives stresses which are 

of n less unia~ia l character as a Drickamer or a Bridgrnan 

anv il, ~hich eight e xplain the high value found: 140 + 15 ~bar . 

It thus appears that Fe does not constitute a good rcferenco 

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

tra n s ition 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 Ger8anium (30) (34). 

o 

o o 
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v - CONCLUS IONS 

With a "X type anvil" ,incor..3istencies 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 preSSll!'es of 

Bi 3 - 5 at 78 + 2 kbar and of Sn at 102 + 4 kbar, and of Fe 

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

fluence of the apparatus shape, of sample shape, . (~ire or ribbon) 

of the pressure transmiting medium, of the pressurG ~ra~ ients on 

the nucleation of the allotropic transfornations U!l:..or high pres­

sure. Thus the above conclusions may be valid only for the appa­

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

to evaluate the prcRsure at all time by the continuous c!w .. nge in 

the property of a material such as the lattice parameter with 

X - ray diffraction. Provided the equation of state of the mate­

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 1 • Cross section of the cell insid~ th~ X type anvil 
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Figure 2 • Samples a ssembling, schematic 
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Figure 3 • Photograph of the "X type anvil" sho~ing 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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fo'igur~ 6. Pr~ssure calibration curV~5 for t .... o diff~rent die diameters. 
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Figure 7 • Piston displacement curve 
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