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Transition Pressures of Bi 3 - 5, Sn and Fe. Mr COJNTEL,

faking use of "X type anvil", the change in
lresistanca of two reifcrence netals in each run were sinulta-
’ neously recorded in crdor to compare their transition pressures,
A linear extrapolation tbrouch the well known points below

lead to an cxporential extrapolation which gave trarsition
presgures of 78 + 2 kbarifor Bi 3 - 5, of 102 + 4 kbar for &n

and of 140 + 15 kbar for Fe.
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I - INTRODUCTION

The exact measuremznt, or even the simple evaluation
of the pressure which is built up irnside a high pressure solid
rnedium apparatus, has from the beginning always been a problen,
" It was only in piston-cylinder apparatus that a direct
measurement of the pressure was possible, Thus it became
feasible, moking use of the phase trancsitions of a number of
metals, to evaluate the pressure which was built up in nore
intricate apparatus like '"belt" below 60 kbar,

Above GO kbar there is much confusion taking into
account the various datas that have been published to day
(table 1), Lately, during the same year 1536, two teams, one
from U, S, A, working which Professor HANL, (II) the other
from Soviet Union working with Professor VERESCHAGIN (13)

published in earnest that the high Bismuth transition cccured
at 76, 5 + 2 kbar for the first one, at 89, 3kbar + 1 %
for the second one,

-

The research workers in the high pressure field
cannot remain unconcernced by that state of the art, if they
wish to make more precise measurements,

..C/.QQ




| PRESSURE TRANSITION IN XILOBARS
APPARATUS YEAR AUTHORS REF. 51 B L B Vb e o e B
I-IT |II-ITI|II-III|II-III I1I-V ! I-IT *-E
i Piston-cylinder 1941 | BRIDGMAN 1| 25 39,2 /|58,8 / - |88,2 /| = = &
{1942 -in volume change (vol) 40 60 90
 Bridgman's anvil 1952 | BRIDGMAN-by resistance (res) 2 | 25,65 [27,08 |45 78,4 |58,8 ho data below
(res) /80 100 kbar
Shock 1956 | BANCROFT & a1 5 131
Belt 1958 | BUNDY (res) 17 | 25,65 [27,08 |45 78,4 58,8 [122,5 | 114 - =
/80
Shock 1960 | BOY ¥ ENGLAND (res) 14 | 25,2 37,1
Drickamer's anvil | 1961 | BALCHAN & DRICKAMER (res)- 4 - - - 59 + 1| - 90 +2| - 133 144
1‘-52
Piston-cylinder 1962 | XENNEDY - LA MORI (vol) 3 |25,38 |26,96 |36,7 |59,6 = - - - =
+0,02 |+0,18 1+ 0,1 | + 1
Drickamer's anvil | 1962 | BALCHAN & DRICKAMER (res) 9 118 /
épiston-cyunder 1963 | KLEMENT-JAYARAMAN-XENNEDY 10 ~78 133
Tetrahedral press | 1963 | HALL % MERRILL (res) 18 39,5
Bridgman's anvil 1964 | STARK & JURA 6 81 + 4 /99 + 4{118 46
Bridgman's anvil 1964 | STROMBERG % al 24 107
Piston-cylinder 1965 | ROUX 2Y | 25;5 |27,6 |36;8
) +0,15 [+0,15 +0,6
Tetrahedral press | 1965 | JEFFERY (vol) 8 25,0 ?28,0 T 35,6 T54,5 38,1 T76,5 T92 - =
(res) 0,5y 40,6 || +1,3 | [ +1,5 T:. +2 13,5
Cubic press 1965 | GIARDINI & SAMARA (ind.vol) 19 81-82
JEFFERY (res) T 26,2 T 29,1
- sheet +0,8 || +0,8
Tetrahedral press | 1966 sﬁgnggm "
- wire 26,5| 29,7 | 35,4 |454,6 T38'2 ?,75.7 T 92
HALL +1,3 +1,4 2‘_2'1 +0,9 [ [ +1,5 1+1,3 +3
_ | 2] g
Piston gauge 1966 | VERESHCHAGIN, ZUBOVA {«x al 13 215'7', f'; 3?'; 5?’;i 8?';
. 25,48 ; ) RS . Hallt®
Al et 1967 | HEYDEMANN (vo1) | 20 {né'? 0,06  accordinghgrain size and purity
piston jauge 25,50 | =
Piston-cylinder 1967 |KENNEDY ¥ al 29 55,0
: _ 0,5
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appaﬁzfus called "X type anvil", and to suggest possible values
ror the transition pressures of Bismuth 3 - 5, of Tin an Iron.u
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, a2 linear. extrapolation reveals a few tnconsistencies
fFrom 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,




- TABLE 2 =-

PRESSUTE TRANSITION IN KILOLARS
Bi Bi Y Ba Bi Sn Fe
REF | YEAR AUTHORS I-II |II-III |IZI~XIX |II-IIX YI-VIII| 1-2
BRIDGMAN 25,4 26,8 36,7 58,5 89 113/ 133
A | 1962 LENNEDY-LA-MORI 115
BALCHAN-DRICKAMER +0,1 |+0,1| +0,1| +0,6]| +1
1965 STARK 25,4 26,8 36,7 59 81 107 133
% B JURA - STROMBERG
1966 +0,1 |+0,1| +0,1| +1 + 4 1
JEFFERY 25,0 35,6 54,5 75,5 92
c | 1965 BARNETT
HALL
D | 1967 VERESHCHAGIN & al 25,4 36,9 58,5 89,3
' +1% +1%| #1%| 1%




The apparvatus called "X type-anvilY has already.
been described (31) (32) (33) and first presenicd at the
Eindhoven wcuting of the Furopenn Hish Pressure Resoarch
Group (1965), It consists of a die and of:pistons with 2 srecial
shape as shown on fizere 1, It alleows to builq,-inéide a volun=
which is identical to that of a "belt", higher pressures
without damage, The c2l1l body is made of pyrophyllite and the
gackets are of a nixed type, that is to say they consist of a
py;rorhyllite r»ing and of a teflen ring (figure 1),

The experi=cnts have bzen carried out by racording
simulianeovzly the resistanee of two referanze nstal samdies
at roonm termnorature, This procedure eliminatnS'the lack of
reproductibility of the calibration curve, Tho speciuness locatcd
side by side, at 1 ma from each other, inside a teflon eylinder
(F = 4 ma h=3:m) which was in the center of the cell, (fizuze 2),
The metal sampies were 0,5 mm in diameter and 4 mm long vires,
The electrical conncctions were_established betvcen tha;piétonﬁ_
and the chamber, The chemical analysis of the samples is given
in table 3. ' ’

At the same time that the resistance changes were
recorded, the displaccments of the pistons towards each other
were measured, making use of 4 dial gages located at 90° angle
around the high pressure apparatus (figure 3). All the measu-
rements have been carried out during the first increases in
pressure run and the loads have been measﬁred with strain gage
dynamonmeter, ' ’
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- TABLE 3 -

- CHIENMICAL ANALYSIS OF THD

- T " e

SANPLES -

2AUDPLES Bi T1 Ba Sn Fe
0%k 96,5 4| 99,097 99,2% 99,9 % 99,8 %
PURITY

Inpurities
Li <10
Na 1C0 < 10 £ 25
Mo 10 4 50 | ¢ 10 400 25 < 50
Al < 50 < 10 300 < 50 £ 25
Si Traces { 50 80 200 €0
K < 10 < 10 < 10
Ca <100 0,1% £ 50 < 80
Ti < 100 £ 100
Cr £ 50 < 30
Mn { 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 Traces
Yo {250 £ 250 8C0
Ag ¢ 10 < 10
cd { 10
Sn 10004 2003 < 30 - < 50
Pb 14a1,52| <10 < 50 < 50




ITI - EXPERININTAL RESULTS,

Fifty runs have been carried out under those condi-
tions, amonz which the Fe transition was obtainod 3 tines, the
Sn transiticn 10 times and the Bi 3 -~ 5 transition 20 times,

A typical resistance recording is shown on figure 4, The dis-
placcuent of the pistons, as measured during esch run, hag
the shape wvhich is shown on figure 5. The lower wart corresponds
to the extrusion of the gaskets without much inercease in the
prcssure, wvhere as the upper part corresponds to the real
coupression of the cell, Calibration curves, basaed on the
are shown cn figure 6 for tvo differont

-

B scale ( tabie &)

L
die ‘diameters, It i be noted that the lower port ic onoro-

s to
ximately a straight line which gces through the origin of

coordinates,

From those experimental results, two types of
extrapolations have been made to get the transition pressures
of Bi 3 - 5, Sn and Fe,

The first one is a simple linear extrapolation, The
second one makes use of an aralytical function., The piston
displacement recordings give a clue as to the kind of function
which is to be chosen, When plotted on a semilogaorithmic scale
those recordings are quite linear in their upper portion. (Fig,

With a slope thus the piston displacenent & can be expressed as
-F/K
&zéoe

Where E’o is a constant
F is the 1load.
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When this exponential stacze is reached, the extrusion
is considered as achieved and the asumpntion is made that the
change in volume of the cell is proportional to the piston
displacerment, OCn the cther hand, the pressures which are ge¢ne-
rated inside the cell are related the cverall conpressibility
of its componcnts through a law, which can be shown empiricaly
to be close to an exponential with a good approximation
within the range of experimentation, (23), From these consi-

derations an expression of the calibration curve fcllow :

P=—Alog (B + exp — F/k)

A, B and C are constants which can be evaluated
knowing accurately at least three experinental values, They
will be chosen among the best known transition points
(Bi 1 - 2, T1, Ba). It is obvious that when the load F is
increased indefinitely the pressure P must go to a liniting
value, which is the case with the above expression vrovided
that B is positive. It also gives curves whose concavity is

towards increasing load as expected,




IV- DISCUSSION.

1° - LINZAR EXTRAPOLATION.

As the true calibration curve must go to an asviwtotic

value when F goes to infinity, the linear extrapoclation
gives cxcess pressures, Tha lowest among those are gathered
in table 4 together with the corresponding values of the
four chosen scales A, B, C and D,

- TABLE 4 -

- LINEAR EXTRAPOLATION -
Pressures in kbar,

Alinnd
SCALES . c D Valuos

Nominal

=
Values 76’0

Extrapo-
lated
Yalues

Nominal
Values

Extrapo-
lated
values

Nominal
Values

Ixtrapo-
lated
YValues




The following remarks can be made :

extrapolated
a) + For the Bi 3 -5 transition all these -exeess

values are below the corresponding values of the scales, It is a
striking case o incorsistency, 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 any incosistency even if this extrapolation uses

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

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° - EXPONENTIAL EXTRAPOLATION.

The exponential extrapolation hopéfully should give
2 better estimate of the transition pressures. Table 5 gives
the calculated values,

.‘./...
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- IXPONENTIAL EXTRAPOLATION, -

Pressures in kbar,

SCALES B

Tominal
Values

Extrapolated
Yalues

Monminal
valucs

Fxtrapolated
Values

The accuracy given next to each value takes into

account the uncertainty cf the pressure transition of Bi 1 -2
(25, 4 +o1kbar) of T1 2-3 (36, 7 + 0. 1 kbar) and of Ba
using the latest value given by Kennedy (29) (55 + O. 5 kbar)
which fits better than o*thers,

For the present apparatus it turns out that by using
the following transition pressures the calibration curve is
nearly linear,




Bi
1 2 T1 Ba 3 _ 5 Sn
.4 35. 7 55 78 102
* 051 + 0,1 + 0,5 +2 + 4

The cazse 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

anvil, which night explain the high value found

a less unicxial character as a Drickamer or a Bridgman

140 + 15 kbar,

It thus appears that ¥e does not constitute a good recferencs
metal and that Ba should be more desirable, although its

transition pregssure is higher still.

scale

’

(144 kbar).

In order to fill up the gap in the high pressure

elernent such as CGermanium (30) (34).

it would be desirable to find another reference




V - CONCLUSIONS

With a "X type anvil"”,inconsstencies in the high

. pressure scales which are currently used have been revealed.

A new pressure scale which fits better this apparatus has been
established, which would locate the transition pressures of

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

.at 140 + 15 kbar, However many authors have discusced the in-
fluence of the apparatus shape, of sample shape, (wire or ribbon)
of the pressure transmiting medium, of the pressurc gzradients on
the nucleation of the allotropic transformations undzar 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 pressure at all time by the continuous change 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 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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¥igure 6. Pressure calibration curvesfor two different die diameters.
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