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,\ methOtI of phasl' change detection in sol id~ invol\'in~ dilTcrcnlial Ihermalcondul'livilY analysis i~ described , 
This method is applied tn lht' <t'Y transformation of iron at various pr~surl's up to 100 (XXllltm , This transformation 
temperature wa~ f()und to drop continuously wilh increasing pressure down 10 (JOS O(' al 1()() t)()() atm . 

A DIFFERE~TlAL method of detecting phase 
changes in solids, jnvolvin~ measuremenl of I hI.' 

thermal conductivity changes accompanying the lrans­
formation , has been .worked oul recently, The method is 
l'n tit lcd differential thermal conductivity analysis 
(DTCA), in contrast to difTerential Ihermal analysis 
(DTA), whirh involves changes in latent heat durin~ a 
transformalion.' This DTCA method has been used unc\t-r 
super-pressure conditions, up to 100000 atm, to determine 
thc effect of pressure on the templ.'rature at which the Q-,), 

transformation~.in_iron occurs. The method was planned 
especially for those systems where electrical conductivity 
measurements could not be used for dell'ction, a~ in 
ceramic material~; this a~pcct is now being pursued wit h 
initial success with silica, boron oxide, and ~e l enium; a 

report will be fort hcoming in the fut urI.'. 
The DTCA method as first employed con~isted in pla('­

in~ a temperature gradient across two parallel pieccs of 
material: iron, whose transformation was to bl.' investi­
~ated, and nickel, used as a reference material. The appa­
ratus is illustrated schematically in Fig, 1. The tempera­
tun' gradient in each of the picces of metal would bc linear 
and identical provided that each pieCl.' was homogeneous 
in itself, as ~hown in CUTW 1. If the iron tran~formed partly 
to a second phase of a different thermal (,onductivity than 
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the initial phasc , the temperature gradient through the 
iron would become nonlinear, as in curves 2 or 3, This de­
parture from linearity was found to bc easily detccta ble 
by placing two thermo('ouples,'onc at the mid-point of each 
pierI.' of metal, bucking one thermo('ouple againsl the 
ot her, and thus measuring t hl' difTerl.'nce in tcmpera t ure 
.:IT. The sign of the .:l7' ..... ould he positive or negative de­
pending upon whet her t he new phase forming had a higher 
or a lower thermal conducti"ity, respectively, than the 
tirst phase, 

The complete ('ell design, ~hown in Fig, 2, indude~ lhe 
following: insulat ing alumina disks above and below till' 
iron and nirkel st rips ; next, metal (nickel) disks abow and 
below, to equalize the end temperatures of the metal ~t rips; 
a lava insulator betwcl.'l1 the two l11l'tal strips; sta(,ks of 

alumina pills at the rool end and lava pills at the hot end, 
these causing the temperature ~radient in the mctal ~trip~ 
by virtue of thtir (lava and alumina) difTerences in thl'rm,tl 
condu(,tivities; an alumina bushing surrounding till' ju,..t­
described center core; a second alumina bushing surround­
ing the first , btl ween which was inserted four niehl ~l rip 
heaters; an outer lava bu~hin~ enclosing th<: wholl.'. This 
rell was placed in a supl'r-pressure bell apparatus ,don~ 
with suitable gaskcling material, described clsc\\'ht'rL',~ 

The::"7' "ignal was obtailll'd arro,;s IwO platinulll \\'in· .... 
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Fu:. 1. Core dcsignui IrI'C\ cd\. Thcrmucnupll''' : 
I' =plalinum, PR =platinulll - !O' " rhudium, ':;T , 
Read frolll the two l' Icads, with the two PR lead" 
tied IOl(cllll~r, T, Read fmlll "Fe" pair uf I' PR 
Il'ad" , :\1 = l\klal pill~ for temperalure rqua li7.alion. 

TEMPERATURE 

100 mils 
DIAM. 

TI >T2 

1)). Reilly and W. :'\ . Rae. l'hysiCtl-Chrlllical Jfe/hods (D. "an :\'ostrand Company, lil t".. "rinedon, :'\CI\" Jerser, I!lS3 ), p, 221. 
' _H , Tracy !lall, Rev. Sci. lnstr , 31. 125 ( t!l60), 
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ORE, 100 mils DlAM 

PACKING Of CORE 
HEATER, 
3mil NICKEL, L A A A A A L A 100 mils 
4 STRIPS, 90 mils -L-U--t-1- -

FIG. 2. Complete DTCA 
cell design. 

WIDE EACH. 

FOUR THERMOCOUPLE WIRES 
IN AI203 INSULATORS, 
RADIALLY AT 90° 
SEPARATION. 

t 
METAL STRIPS: 
STUDIED PIECE. Fe 
REFERENCE PIECE, Hi 

L= LAVA SEPARATOR, 
40 mi Is TH ICK 

A: ALUMINA, SOFT FIRED 

one from each uf the thermucouple:>, while the two com­
panion P t- lO% Rh wi res from the thermocouples were tied 
toge ther outside the cel l. T he t1T signal was amplified by 
a Beckman modd 1-1, dc amplifier, and recorded on an 
L&:X pecdomax recorder. Types of traces of the tlT with 
time arc given in Fig. ,1. The ideal t race (rurve 1) would 
he a st might vertica l line when no transformation is taking 
place, with a deflec tion to one side, out and back, during 
a transformation. In practically al\ the ca. es, this ideal 
nlrve was only approached but never fully attained, the 
actual curves resembling 2, 3, or -1- . 1n these actual rases, 
u spurious temperat ure gradient existed bet wt:en the two 
metal strips, which gra rl ient increased with the absolute 
Icmp<:raturc, giving the curve a slope to one side. upe r­
imposed upon this slow change of j.T with temperature 
was still another type of behavior, arising bec:lu.'e (If the 
transformat ion, which gavt: to the curve a decided shift 
instead of roming to a maximum and ret urning to the hase 
line (curve .J.). The cause of thi" behavior is prohably IL' ­

lated to the lack of ideality in the heat flow pattern around 
the'metal samplts. An explanation may utilize the follow­
ing reasoning: The t hl'rmocoupl(" junclion for eal h nll"t al 
"trip was actually at till" outer ell).'l· of ("ad, "trip, at till" 
hounclary hetween thl: alumina bushin~ and Ihe Illl"lai. 
jf a large heat flux existed aero:.:. thi~ boundary from the 
heater to the metal st rip, a change in the thermal conduc­
tivity accompanying a pha~l: change would rau:-e a <il-ci<kd 
change in the temperature at this point j this folio\\':- from 
rt·asoning 'imilar to that u,;ed in the hasic principle of the 
DT CA rell. The decided change in temperature would he 
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NI' 50 mils Ni L-U--+-J~ 
t=:::=J.--#---1I--t--:- A 20 mil s 

} 100 mils 

"tZ;~Hf--~l-"'::" A 20 mils 

350mils DIAM 'I 
-I 

250 mils OIAM 

I-- 200 mils
l 

Ni 50 mils 

L 100 mils 

.450" 

rdltcted di renly in a shift of the n:corded ~ T. :\ perrel lIy 
insu lated set of metal st rips would not sulTt'r from thi ... 
fault, but of course this is imp0'isible when pre"sure tran'i­
mission require~ int imately packed solid" around the 
... ample. lIowl:vl:r, the condition of Zl:ro heat flux ran bl' 
approached by varying the amount of heat heing produlerl 
at diff eren t poin t,; along t he heat er. Thi'i is a fa I iona I iza t ion 
of the fart that more perfect maxima ~ T curn''; were 011-

tained with cells containing nickel heater" Ihan with 
\""ichrome heaters. Xickel would t end to prod un' a hot 
"pot, \"" irhrome would produce more even heat. \\'hat i ... 
apparently required is a hot SpIll at the h()lte~l part of the 
lell, which would he at the metal di:.k on the hot "ide, 
along with a temperature gradient of equal l11a~nitude in 
till' core and the alumina lru..;hing. At point., near the hot 
"pot the hl'at gellerat':d mu"t he "uilit' ienl only to to m­
jlell'-ate for the heat flow .al()l1~ tht: lil"hin~. \ [or,· hl .. '1 
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I,,; . .I T~ pica I ::.r ,,,rH', Oil rl"lorokr ,hart,. ' = ~Iarl oi Iran, · 
formal jun . ,. = "IHI 01 tran,jl)rl11atjun . ,= I ra ll '/orrnatjnn J. hali 
1',"llp,,"ll·'1. 
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RUN NO 
Q7Y Y-Q 

u 419 I? 
~ 483 t 

- a - Y TRANSFORMATION 
- - - Y -Q TRANSFORMATION 

TIME FOR TRANSFORMATION TO OCCUR 
\- 2 MINUTES FOR RUNS AT LOWER PRESSURE 
3-4 MINUTES FOR RUNS AT.HIGHEST PRESSURES 

STRONG's ~-------CURVE 700 

FLO. 4. EfTect of pressure 
on a1' transformation in 
iron. Pressure calihration is 
based on the transitions for 
Bi and Ba, which were as­
sumed to occur at 24800 
and 77 400 atm, respec­
tively. See footnote refer­
ence 2. 

Q 

600 

PRESSURE, KILOATMOSPHERES 

production would tend to flow into the core, producing this 
undesirable. heat flux. The even heat produced by the 
Nichrome heater would eem to produce too much heat at 
cooler portions of the cell and thus would cause the un­
desirable shift of flT at the lran formation. 

EXPERIMENTAL RESULTS-THE a-y 
TRANSFORMATION OF IRON 

The DTCA method wa nrst te ' ted on thL transforma­
tion, and the results are shown in Fig. 4. The a -+ 'Y trans­
formation was observed with rising temperature, while the 
'Y -+ a tran formation was observed at lower temperatures 
and with falling temperature. The temperatures for the 
forward and rever'e tran. formation differed by as much 
as 40°C, with a trend toward a minimum of 10-15°C at 
around 40000 atm. This subject wil1 be pursued further 
when better data arc available. It i. apparent that the 
DTCA method is applicable to studies of thi type, which 
involve thermodynamic equilibria as wel1 as kinetics of 
tran formation. 

The transformation temperature drops regularly with 
increasing pres ure in contra ·t to that reported earlier by 
Strong.3 While this latter work indicated a drop of the 
t ran formation temperature to about iOO°C at 90 000 atm, 
the present work indicate: that the temperaturl' is around 
59{)°C. The reason for this discrepancy may lie in the 
failure of Strong's method of detection of phase change, 

• H. ~r. Strong, J . Gcophys. Research 64,653 (1959). 

which was by electrical resistivity measurement, to give 
as sharp an indication of the pha 'e transilion a docs dif­
ferential thermal conductivity. Abo, Strong's interpreta­
tion of the break in the resistivity versu temperature 
curve as being the tart of the change might have caused 
an error, the break actually corresponding to the end of 
the transformation which was occurring at the cool ends 
of the cell. 

The transformation temperature i .. ubject to a correc­
tion because of temperature gradients which occur along 
the thermocouple wires while in the pressure field.' The 
platinum 10% rhodium-platinum thermocouple may read 
30° low at 6O()0 , and 100 000 atm. Since one might expect 
this correction to be linear with respect to both tempera­
ture and pressure, the entire curve of Fig. 4 would then be 
shifted upward slightly. At 100 000 atm, the <;orrerted 
transformation temperature would t hen be 605°('. 

This DTC'A method affords an int imate vicw of tempera­
ture gradients within the cell. A typical .11' curve, as in 
Fig. 3, would have reconkd, at \'arious point~ along it, the 
absolute temperature. These temperatures, obtained by 
means of a potentiometer u.ing one of the two thermo­
couples, are for the mid-point of one of the metal strip 
~a mples. The temperature al the maximum (or inflertion) 
corre 'ponds to the transformation temperature (sec arrow, 
Fig .. 1). The initial deflection from linearity s corresponds 

• F. p, Bundy, SaRa more lIigh Pressure Conference, I.ak e (;corge, 
:-lew York, June, 1960. 
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to the point when the transformation is ·tarting, at the 
hottest point when the temperature i' rising. The tempera­
ture at this hotte t point must be the transformation 
temperature, which is observed at the maximum a little 
later in the curve. The observed temperature at s from the 
centered thermocouple is lower than the transformation 
temperature and from these two values we know precisely 
the temperature gradient within the cell. Similar reasoning 
can be employed to determine the gradi nt to point e at 
the end of the transformation. 

The temperature gradient from s to c within the cells 
for the runs 419 and 483 were cal ulated to be in the range 
23-400

, and 37-700 e, respectively. The gradient varied 
irregularly with pressure, probably be ause of the changes 
in thermal conductivity of the various cell components and 
change in the heater chara ' teristi s with pressure. 

Data on the ab olute thermal conductivities of a and 'Y 
iron were lacking when this work wa ' done. However, such 
data are now about to be publL hed by Cody, Abeles, and 
Beers.s This work indicates a 7% decrease in the thermal 
conductivity from approximately 0.305 to 0.283 joules/ 
cmoe through the a -+ 'Y transformation. 

One may calculate from the DT A method the relative 
values of the thermal conductivities of a to 'Y iron at the 
tran formation temperature. When the peak 6T is reached 
on the Speed om ax curve, hali the length of the iron would 
be transformed. On assuming ideal heat flow, the quantity 

• G. C. ody, B. Abeles, and D. S. Beers, to be published in A.cta 
Met. (Received February 8, 19(0). 

K (= thermal condu tivity) multiplied by the temperature 
gradient for each iron half-segment would be equal to each 
other. 1£ T,r is the temperature gradient (s-e) across the 
entire iron sample, the gradient a 'ross each part, a and 'Y, 

be omes [(1'.,/2)-6TJ and [(1',,/ 2)+61'J, respectively. 
Hence, 

Then, 
Ka 46T 
- =1+- --. 
K., 1'&,-261' 

At 9000 atm, the ratio of the thermal conductivit ies were 
calculated to be 1.21, 1.10, and 1.13, which corresponds to 
about a 15% decrease for a -+ 'Y. This may indicate the 
crude nature of the cal ulation, which may be refined hy 
further work. 
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