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A method for thermally shocking a'metalvundérvpréasurg ;s
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region of.indifference.l'uHe chdse as the.trensitiOn pressure avpointf

- 'thereby obtains thermodynamic values ofiﬁhe'transition_pressure-?'mhef

‘the transformation occurred on compression and decompression as, the‘

midway betweenVthe,compreSSion3end decompression values;',Mbre»recentiy;

Kennedy and coworkers have obtained thermodynamic pressures by shearing

the sample, ‘a technique which decreases the difference between the two

experimental transition pressures to'a negligibly Small,quantity'and,p
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effect. A sample can be cOmpressed to a pressure greater than the known
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the transforma.tion between the phases. 2 The method that we suggest isA ‘

A phase traneformation ma.y be slow and overdrivenvto a greater ‘or

1esser extent -for several reasons. : First, the process ma.y ha,ve a high

.a.ctivation energy; Af so, en: eleva.ted temperature will facilitate the

tra.,n_sforma.tion.,"' Second, the free energy difference between the two
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’ thompression, an unreliable procedure at best.~ Alternatively, a method

..(»’_’.
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In a metal, it 1s easy to heat the saxmle in a short period of

: time by sending through a high amperage pulse., The samples used ar
of the order of lO A moles, consequently a high current pulse is suffi-
tf;cient to raise the temperature of the sample as much as 1500 C. Thi

. temperature may‘be fixed by the fact that it is possible to melt iron'
(actually the entire sample is not melted, but breakage occurs at the
tt’thinnest spot of the wire) : Even though the heat leak from the sample
is great if the duration of the pulse is suffic1ently short,rthe sur~
rounding silver chloride is not appreciably heated, and the sample re=
a;{turns to. the ambient temperature in’ about ten milliseconds after the

cessation of electrical heatingf; If the silver chloride is heated

then a time as long as a minute 1s required for the return to room

, Q..
Ce

'{temperature.} Either of the above times is short compared to the dura-

“tion of the study of the effect of the energy pulse.: The above can be

vis far from the transition pressure.» If a,silver wire O 003 inches in

ey,
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”diameter and about one inch long: is pulsed with 6 volts for about ten :

¥

'milliseconds, the resistance returns to its initial value in less than

5f0 1 minute. The recorder is of no value in showing the change of re-

'sistance with time and it is necessary to use an oscilloscope to follow

'

. the resistance of the sample. _;» =.]; 3 .:,:‘: - . ;ﬂ iQI;V

The geometry of the system is too complex to compute the sample

,; temperature behavior as the energy is electrically generated in the wire.
‘iv An analysis of & simple and idealized system indicates that the heat |
.';»1eakage from the sample becomes appreciable in a microsecond. »That'
‘frfthis is so can be shown by the fact that a O. 010 second, 1 volt pulse
v}; through a sllver sample should melt the'entire sample if there were no.
j'heat leak. Exper imentally it is found that a pulse of about 10 volts')
| 'iis necessary +n melt a part of the sample. What ‘has been repeatedly
‘observed is that for a pulse of duration up to 0.060 second, the temp
erature of the system, ‘as” determined by the resistance of the sample,v‘
‘-returns to the ambient temperature in less then 1 ‘minute, provided the'
,t pressure 1s far from a transition pressure. - The total heat generated is
-«'small compared to the heat capacityaof the surroundings.and the‘heat :
| leak is large, consequently the short pulse of energy used in these
;experiments does not appear to have 8 long-term effect on the tempera-=
" fure of the system. f - '._‘Ei, o }ﬁ;Q'EJ* | v

‘The experimental procedurefisfasﬂf6110ws:ff0.003'inch diameter.wires

'are bent into circular arcs: and mounted in Bridgman anvils. The_methodf




‘J'Volt auto storage batteries, connected in parallel, are so arranged
-71lﬂthat bv setting a selector switch current may be drawn fromﬁone to si
'cells, the available voltage varies from 2 to 12 volts in 2 volt incre¢
"mentsc‘ The leads from the battery and from the constant current supplyi

go throuvhva.switching and gating unit, Pressing a’ switch in the gate‘

box shunts current from the constant current supply through a dummy

"through the sample. The length of time which the battery heats the
sample is continuously variable from about 3 to 60 millisecondse

‘the presetitime of the power pulse, the switching is reversed, the=
battery power 1s turned off, and the constant current is again sent
through the sample. Several'preliminary experiments are needed to 7
determine the optimum COnditions'to be used. 'Obviously,'the'voltagenf
.end duration of the heating pulse must have values ‘such that the sample
is heated to a sufficiently high temperature, but not so0 high as to
‘melt the sample. A sufficiently high temperature is one in which the

two phases coexist.i In determining the transition pressure, the re-'#

sistance-pressure relation is found in’ the usual fashion. For example
'if bismnth is the metal under consideration, an isotherm is made to
' about 60 kbarse <At thisvpressure-a 2 voltvpulse of:8 millisecond dura-
'tion’is used. The resistancevof the'sanple;may be ’decreased between'thei

~ extrapolated value of the neXt phase and the value'of‘the'present phase;

The resistance is- followed on the recorder as e function of time. If &

'the resistance should return to its initial value, as it would in bismuth,

the pressure is increased by 5 kbars, the resistance noted, and the samplei

is pulsed .again. If the resistance returns to its initial value a -further

DI .




pressure increment isﬂmade.s ihis procedure 1s- repeated until the re—;
”77} sistance decreases to its value in the high pressure phase. In the . )
i?case of bismuth, the resistance-pressure relation is followed during
>7decompression, if the transition pressure is the same on compression

and decompression, the run.is discarded as this would indicate that“'k

"'sibly into the high pressure phase. In general,.if the pulSe_strength'

if’is such that the entire sample is not transformed to the high pressure
fbrm, this difficulty is not encountered.

Tin exhibited the sharpest transitions; iron is not as simple as

bismuth but there can be little doubt that a reasonably reproducible ;

\
s

-._Value is.obtained. The particular problems_encountered with each mate-
"rials will be discussed in the paragraph devoted to'that metal.

The precision of a transformation found in this manner is not as -

is being compressed, the compress1on can be immediately stopped and the

Ypressure'noted. In our technique all that is known 18 that at some

¢

pressure P the material is in one phase,§and that after .an increment of

pressure is added, the material is in another phase._ We have assumed
~that the transition pressure 1s given by the arithmetic mean between -
these two. pressures.“ The pressure scale we have used as a reference is

Zthat given in an earlier paper.

- Bismuth: The bismuth used in these experiments had a supposed purity of

"T South Plainfield, New Jersey. It was drawn to wire 0.003 inches in
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vddameter.i The samples were bent into circular arcs ofVO 2 inch diameter
;ﬂ;and had resistances of about 2 ohms. Three different geometries were“
fiused.v It was found that the transition pressure was 81 t h kbars.jf
u‘:This is to be compared to the 88 kbars obtained with experiments per-'
f‘t;formed in the usual fashion. Either of these values'cou;d,be.usedan-
-a calibration for pressure in this region. | | '

'fTinz The tin metal was obtained from A. D. MacKay, New York, New York

“

;and was 99 9% pure. The metal was extruded to ‘wire 0.003 inches in
';-rdiameter and the measurements were made as for bismuth.‘ The present

- value for the transition is 99 L kbars.ff_’_,“ :g7w‘;~fn'  ;;J:;f;g

"'Iron. Iron wire, -0.003 1nches in diameter and 99 9% pure was obtained

from Uhited Mineral and Chemlcal Company, New York, New York.-»The work

i'i"it  on iron is not as simple or as clearly cut as with the other metal dis-
cussed in this paper. This situation might be expected from the iso-

" .thermal work that has been done. Our personal experience with'ironjin'

the past has'been'that'the transition to the hexagonal phase.would ster

'ivpugjth;:{.ax any pressure above 160 kbars_end;thet‘it might take as much asv8Q:;

%o

A.kbars‘for thevtransition to runq'fThis extremejsluggishness,ceuld-be__
- “ceaused by a small difference In the free energy. of the two phases over
r,rgxf L " .a wide reglon of pressure. This;argument_is'supported by the fact that

. the energy difference between a-~iron and B-iron is small. One: would not

reasonable that the difference between a-iron and y-iron would be smallt

N

‘fﬁ; . Since our samples are under almost hydrostaticlconditions,~there,is
w0000 essentially no stress gradient in the sample to aid in the nucleation.:

';';‘"i.ff:‘-i Once a pressure of about 80 kbars was reeched, there apparently was.

LY . always a certalin amount of sample
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"‘”:' The criterion that ‘was used here was that if the resista.nce deca.yed with
‘time, then the pressure was below the true tra.nsi‘bion pressure. It .,ws.sb. s
not feasible to walt for the resis’ce.nce of the sample to- stabilize be-

vfore going to the ‘next pressure 1ncrement as the resistance would de-' 8
-crease for periods longer than one hour. The transition pressure wss
| taken to pe _tha.t_ at which no decay occurred in a period of minutes. - A
=_-.__vtote.l of 21 determinstions were made with the voltage of the'heating_-‘ ,
: pulse va.rying: from 6 to 12 volts. No dependence on the voltege of _the
» ""’pulse was found. . The resistance of the ssmples ira.s ebout 0.2 ohms.' The
"v-\:;-.velue found for the iron tra.nsition is 118 £ 6 kbars. This is lower -
.' than the 130 kbe.rs_reporteq by Dr:i.cka.mer7 and the 131 kbars derived .frpm
.‘ dynamic sh_ock experiments.e""-_w' » o l e

t_.. ’ -.‘: ‘-",:,,.v'v\

“':(7) H. G. Drickamer and A. S. Ba.lcha.n, in "Modern Very High Pressu.re
| Techniques™, p. 25, Butterworths, London, 1962._ o L
(8) -D. Ba.ncroﬁ:, E. L.-Peterson, end S. Minshall, J. Appl. Phys., 27,

- 291 (1956)

o CONCLUSION
In the three meta.ls studied,, there lgva.s no indica.tion the.t the high
"fiﬂ;pressure pha.se was quenched into the system a.t a. low pressure when tin
end bismuth were studied.' In the case of :Lron, a certain amount of the
V"higher pressure phase was present at a.ll pressures. 'We did not take the
: ;’cime to determine whether or not the sa.mple would decay completel;r back
g to the o pha.se. : The rate a.t which the 'r phase deca.yed wa.s 80 slow ths.t

‘ it was not practica.l to wa.it the estimated days ﬁ'om the initial rs.tes

' for the sample to return to the o form.. _i_‘Thfe: ‘_f_a.'ct_ that part of the sample
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








