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THE PSEUDOBINARY HgTe-CdTe PHASE DIAGRAM*
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The complete pseudobinary HgTe-CdTe constitutional phase diagram was
determined by precision differential-thermal-analysis measurements and used
to calculate the segregation coefficient of Cd as a function of Cd concentra-
tion and interface temperature. A thorough error analysis was made, and the
results are compared with published data. Empirical, analytical-expressions
were developed for the liquidus and solidus compositions as functions of
temperature to facilitate calculations of phase equilibrium parameters.

Key words: mercury cadmium telluride, phase diagram, compound semicon-
ductor, differential thermal analysis, segregation or distribution coefficient

Introduction

In order to grow high-quality Hgl_xCdxTe crystals by unidirectional solidi-
fication techniques, the pseudobinary HgTe-CdTe constitutional phase dia-
gram must be accurately known. Previously published results(1-5) either do not
cover the entire composition range or are not accurate enough for modeling
the growth process. In this study the complete pseudobinary phase diagram
was accurately determined by making differential thermal analysis (DTA) mea-
surements. The Cd segregation coefficient calculated from this phase diagram
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McDonnell Douglas Corporation Independent Research and Development
program.
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was then used successfully to model(6) the axial compositional variations in
alloys grown by the Bridgman-Stockbarger method.(7)

A l l o y Preparat ion

For the phase diagram measurements, the HgTe-CdTe alloys were
prepared by reacting the constituent elements in sealed, fused-silica, 5-mm i.d.
x 10-mm o.d. ampules. The ampules were cleaned and etched in aqueous HF
and annealed at 1150°C in vacuum to remove residual contaminants. Square
cross-section bars of 99.9999% pure Cd and Te were cut from large ingots.
The Cd bars were etched in concentrated HNO3 and repeatedly rinsed in
methanol. Similarly, the Te bars were etched in Br2 and also rinsed repeatedly
in methanol.

The ampules were then loaded in a vertical position with 99.99999070 pure
Hg first, then Te, and finally Cd. This procedure prevented contact between
Hg and Cd in the presence of air. The ampules were evacuated and backfilled
with He several times before final evacuation and sealing.

Using the above procedure, little or no wetting occurred between the
ampule and the alloy during reaction of the elements. In many cases, the
reacted alloy would slide inside the ampule. The alloy constituents are listed in
Table I for the samples for which data are reported.

Experimental M e t h o d for Dif ferent ia l Thermal Analyses

DTA measurements were used for determining the phase equilibrium
temperatures. The experimental arrangement of the ampules in the DTA fur-
nace is shown in Fig. I.

An ampule containing the alloy sample was mounted coaxially with a
second ampule inside the 460-mm long isothermal furnace liner (Na heat-pipe)

T a b l e I . Elemental constituents of alloys used for the p h a s e diagram determination.
Massmeasurement accuracy is + 0.6 rag.

Stoichiometric Excess
Composition Hg Cd Te Hg Hg

(x) (g) (g) (g) (g) (mg)

0.1 10.8349 0.6732 7.6555 10.8345 0.4
0.2 9.6299 1.3501 7.6570 9.6289 1.0
0.3 9.5487 2.2950 8.6748 9.5428 5.9
0.4 7.2201 2.6992 7.6555 7.2190 1.1

0.6 4.5719 3.8343 7.2582 4.5687 3.2
0.7 3.6452 4.7582 7.7183 3.6433 1.9
0.8 4.7977 10.7427 15.2430 4.7939 3.8
0.9 2.4093 12.1474 15.3200 2.4083 1.0
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Fig. 1 Experimental arrangement for differential-thermal-analysis measurements.

and the 610-ram long tube f u r n a c e . The s e c o n d a m p u l e contained ant imony,
which served as the reference heat capacity and provided a thermocouple
calibrat ion poin t for each experimental run. The ampules were held on axis by
a q u a r t z centering fixture (not s h o w n in the figure). The a n n u l a r vo lume
between the ampules and a 25omm o.d. q u a r t z tube was fi l led wi th powdered
diatomaceous e a r t h . The 2 5 - m m tube was inside an Inconel tube to prevent
d a m a g e to the heat pipe and f u r n a c e in case of a m p u l e failure.

Both the al loy and Sb-reference ampules were f i t ted wi th a 5-mm wide P t -
foil band posi t ioned axial ly near the midd le of the a m p u l e . The two junct ions
o f a type-K differential thermocouple were affixed to the b a n d s . A separate
t y p e - K thermocouple was fastened to the P t band on the Sb-reference ampule.
Each thermocouple lead extended to a c o p p e r junct ion maintained in a tr iple-
point-of-water cel l .

A b l o c k diagram of the f u r n a c e control and data acquis i t ion instrumenta-
t ion is s h o w n in F i g . 2 . Using an x-y r e c o r d e r , the temperature o f the Sb-
reference sample was monitored on the x-axis , and the differential thermo-
c o u p l eo u t p u t was measured on the y-axis .

For da ta recording, al l g r a p h p a p e r was calibrated by drawing vertical
lines at 1-mV intervals us ing a potent iometer (Leeds and N o r t h r o p m o d e l
8691). This potent iometer was periodical ly checked against a n o t h e r poten t i -
o m e t e r (Leeds and N o r t h r o p K-4) and verified to be a c c u r a t e wi th in
+ 2 0 / x V . The o u t p u t of a type-K thermocouple is approximately 40 p V / * C .

A temperature p r o g r a m m e r was used to c h a n g e the f u r n a c e temperature
at a u n i f o r m rate and turn the x-y r e c o r d e r servo and pen-lift on and off. The
f u r n a c e protect ion circui t , a m e t e r r e l a y that drives a p o w e r relay, provided an
additional m a r g i n of safety against excessive f u r n a c e temperatures.
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Fig. 2 Electronic instrumentation for differential thermal analysis.

A thermocouple calibrat ion faci l i ty was constructed similar to that
described in Ref. 8 and used graphi te crucibles and NBS reference materials.(8)
The melting-temperature reference materials were Zn , AI, and C u . The mel t ing
temperature of the Sb-reference sample served as an internal calibrat ion tem-
perature, and the Sb mel t ing poin t was c h e c k e d at least once b e f o r e each run.

Dif ferent ia l -Thermal -Analys i s Resu l t s

For D T A measurements, higher rates of heating or cool ing yield a larger
signal and thus a better s ignal4o-noise ra t io . Measurements made at excessive
heating or cool ing rates, however, may not reflect true equi l ibr ium values . To
e n s u r e that the heating and cool ing rate used in th i s s tudy was wi th in the
al lowable r a n g e , tes t runs were made with a HgTe calibrat ion s a m p l e at a
series of heating r a t e s (0.5, 1, 2 , 3 , 4 , and 5°C/min) . The DTA curves for
HgTe are s h o w n in F i g . 3 . The mel t ing temperatures are wi th in + 1.7°C of
669.5°C for all heating r a t e s , and t h e r e is no evidence for sys temat ic variat ion
o f the onset of thermal-arrest wi th heating r a t e . Because the m a x i m u m cool ing
rate o f the f u r n a c e b e l o w 6 7 0 ° C was a b o u t 3°C/ra in , a l l a l loy heating and
cool ing curves were recorded at a rate of 2 ° C / m i n to e n h a n c e the differential
thermocouple outputs whi le al lowing identical heating and cooling r a t e s for all
specimens. In F i g . 3 , the seeming inconsis tency a m o n g the cool ing curves and
in the 3°C/rain heating c u r v e is at t r ibuted to the horizontal a t t i tude of the fur-
nace during the HgTe measurements. The total mass of HgTe with in the
Pt- fo i l b a n d s c o u l d c h a n g e during the hot part of each cycle due to b u b b l e
mot ion . This p h e n o m e n o n w o u l d a f f e c t only the magnitude o f the signal and
was el iminated subsequent ly by s l igh t ly t i l t ing the f u r n a c e .
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Fig. 3 Rate dependence of thermal arrest for HgTe.

Inhomogeneties in the alloys can introduce significant uncertainties into
the phase equilibrium temperatures deduced from DTA. For this reason, the
samples were always quenched following casting and cooled uniformly after
each DTA run to reduce the possibility of preferential alloy segregation along
the ampule axis. To eliminate radial alloy inhomogeneities, the samples were
annealed at temperatures, TA, just below their solidus values. To ascertain the
minimum annealing times required, samples with mole fraction x = 0.1, 0.2,
0.8, and 0.9 were annealed for successively longer annealing times from 1 to
60 h, and a DTA run was made following each anneal. An increase in the
annealing time from 1 to 15 h always resulted in a significant sharpening of
the DTA curves in the vicinity of the apparent solidus temperatures, which in-
dicates that the annealing effected alloy homogenization. In agreement with
previous results,(9) the changes caused by increasing the annealing time beyond
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30 h were usual ly negligible. T h e s e effects are s h o w n for samples wi th x = 0.1
and 0.2 in F i g s . 4 and 5 , w h e r e T A and TL correspond to the annealing and
l iqu idus temperatures. The symbols l , 2 , 3 , and 4 designate the D T A curves
that were obtained fol lowing annealing times of l , 15 , 30 , and 60 h ,
respectively.

D T A curves are s h o w n in F i g . 6 for Hgl_xCdxTe samples a n n e a l e d _> 60 h
with x = 0.1, 0 .2 , 0 .3 , 0 .4 , 0 .6 , 0 .7 , 0 .8 , and 0.9, and the collect ion o f
mel t ing curves is s h o w n in F i g . 7 . The horizontal axis s h o w s the measured
temperature o f the Sb-reference a m p u l e , T, and the vert ical axis gives differen-
tial temperatures, S , for the al loy a m p u l e m e a s u r e d with respect to T.

Consider ing radiat ion heat transfer on ly , the heat b a l a n c e equation at the
o u t e r wall of the sample a m p u l e i s

r S
EFTF 4 -- epTl4 = ~q (COT14 - ~sTs4), (1)

w h e r e T F , TI, and Ts are the f u r n a c e , sample thermocouple, and sample tem-
peratures; eF , es, and ep are the furnace, sample, and fused-sil ica emiss iv i t ies ;
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Fig. 4 Differential-thermal-analysis data for Hg0.9Cd0.1Te. Curves 2, 3, and
4 correspond to annealing times of 15, 30, and 60 h, respectively.
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Fig. 5 Differential-thermal-analysis data for Hg0.8Cd0.2Te. Curves 1, 2, 3,
and 4 correspond to annealing times of 1, 15, 30, and 60 h, respectively.

and rs and rq are the i n n e r and o u t e r radii o f the ampules• The differential
thermocouple signal is given by S = T 1 - T.

For steady-state condi t ions w h e r e the f u r n a c e temperature increases at a
constant r a t e , T = T F + P ' , w h e r e P ' is a constant . Using the approxima-
t ions

and

T I 4 = (T + S ) 4 = T 4 + 4 S T3

TF4 = (T + p,)4 = T4 + 4 P , T 3,

Eq . (1) yie lds

T s 4 = T4 1 + rq ep rq
~S r s

_ 4 P ' T 3 rq eF
r s E s

( r ~ ) ~p
+ 4 S T3 l + - -

E s

(2)

(3)

(4)
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Fig. 6 DTA data for x -- 0 . 1 , 0 . 2 , 0 . 3 , 0 . 4 , 0 . 6 , 0 . 7 , 0.8 and 0.9 H g l . x C d d T e
alloys. R is the heating and cool ing rate.
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Fig. 7 Hgl .xCdxTe melt ing curves as observed.

A first-order expansion in S/T a n d P ' / T y i e l d s

T s = a 1T + a 2 S - a3 P ' , (5)

w h e r e a l , a2 , a n d a 3 a r e functions o f r q / r s, Ep/es, a n d eF/Es.

F o r HgTe the empirical correlation b e t w e e n T , S, a n d T s is g i v e n by

T s = T + 2 S - P . (6)

F o r C d T e a l s o , the v a l u e o f a2 was f o u n d to be 2 .

In the case o f a nonzero baseline, So, T s is g i v e n by

T s = T - S o + 2 S - P . (7)

P is primarily the temperature d r o p a c r o s s the a m p u l e w a l l , but this term also
i n c l u d e s thermocouple calibration corrections. In the a b s e n c e o f a p h a s e tran-
sition, Ts = T + SO - P , that is, the s a m p l e temperature i s e q u a l to the
reference thermocouple temperature plus the differential temperature m i n u s
the temperature d r o p a c r o s s the a m p u l e w a l l . F o r each sample, P was deter-
m i n e d by the difference b e t w e e n the o b s e r v e d a n d a c t u a l melting points o f the
Sb-reference. The v a l u e s m e a s u r e d for P w e r e 1 . 3 " C to 3 . 4 " C , w h i c h a g r e e
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reasonably well with those from finite-difference calculations that include both
radiation and conduction heat transfer.

The solidus temperatures were determined by replotting the data of Fig. 6
as a function of Ts instead of T, using Eq. (7). The solidus temperatures for
0.1 _< x _ 0.7 were determined by extrapolating the initial, straight-line part
of the replotted melting curves to the extended baseline. For x = 0.8 and 0.9,
the initial departure from the baseline was used because the melting curves bad
no straight-line sections even when replotted as functions of Ts. The liquidus
points, in all cases, were considered to be the temperatures at which the
melting curves broke suddenly toward the baseline.

The observed phase equilibrium data are listed in Table II, which includes
the observed melting point of CdTe, 1082"C. This value is used for con-
sistency, although previously published values are about 10*C higher.(l°)

Each ampule contained a small free-volume. Because the partial vapor
pressure of Hg over the alloy melt is much larger than the partial pressures of
Cd and Te,(4,5) the preferential evaporation of mercury into the free volume of
the ampule alters both the Te/metal and Cd/Hg fractions. An increase in the
Te/metal fraction can significantly affect the liquidus temperature as suggested
by the decrease of the binary Hg-Te and Cd-Te liquidus temperatures with in-
creasing Te composition immediately above the 50 at.070 Te composition.O 1-14)
The Cd-Te liquidus temperature decreases at --- 10*C/at.°/0 Te,O2,J3)and the
Hg-Te iiquidus temperature decreases at 1.2" C/at.°70 Te. (11,14)

The following procedure was used to correct for the small Te-metal excess
in the melt resulting from preferential evaporation of Fig into the ampule free-
volume. Following alloy casting, the free volume was estimated by measuring
the length of the free space in the ampule. The amount of Hg in the gas phase

T a b l e II. Measured phase-equilibrium data for Hgl .xCdxTe.

Observed Observed
So So solidus liquidu$

Composition at solidus at liojuidus P temperature temperature
(x) (°C) (uC) (°C) (°C) (°C)

0 0 0 0.6 670 670
0.1 0,5 --1.5 2.9 690 733
0.2 0.4 -1,0 2,9 706 791
0.3 1.4 0.7 2.9 727 841
0.4 0.9 0.3 3.4 748 882

0.6 0.3 -0.3 1.3 810 952
0,7 0.7 -0.4 2.9 850 990
0.8 6.9 4,6 2.9 904 1022
0.9 3.4 -1.0 2.9 952 1051
1.0 -7.9 -7.9 3.7 1082 1082
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was determined by using Steininger 's(4) empirical relat ionship for the Hg par-
tial pressure, p , given by

P = Po exp(21.732 - T o / T ) , (8)

w h e r e Po = 1 P a and To = 7149 K. The n u m b e r o f m o l e s o f Hg, nHg, re-
maining in the mel t was obtained by subtract ing the a m o u n t of Hg in the
v a p o r from the a m o u n t l o a d e d in to the a m p u l e . The actual Te m o l e fraction
in the mel t at the observed l iqu idus temperature is then nTe/(nHg + ned +
riTe), w h e r e ned and riTe are the moles of Cd and Te in the mel t . The relat ively
smal l a m o u n t s of Cd and TeE in the v a p o r were neglected, and the values o f
ned and riTe were assumed to be the same as or iginal ly placed in the a m p u l e .
The observed l iqu idus temperatures were then corrected by an a m o u n t Tc
calculated from the expression

- 0.SJ (1.2 + 8.8x),
riTe ]

T c = nHg + nCd + riTe
(9)

w h i c h is b a s e d on a linear interpolat ion between H g - T e and C d - T e of the rate
o f c h a n g e o f the l iqu idus temperature wi th respect to the Te concentration for
Te m o l e fractions s l igh t ly a b o v e 0.5. The corrections are summarized in T a b l e
III.

T a b l e IV l i s t s the l iqu idus and sol idus temperatures determined in this in-
ves t iga t ion . T a b l e IV also gives the corrected x-values b a s e d on x = nCd/(nCd
+ nHg). The composi t ion dependences o f the l iqu idus and sol idus t e m p e r a -
tures are s h o w n in F i g . 8 . The supercooling temperatures in T a b l e IV give the
difference in temperature between the l iqu idus temperatures and the baseline
d e p a r t u r e of the cool ing curves (see F i g s . 4 and 5).

T a b l e l l l . Free-volume correction parameters and corrected liquidus temperatures.

Capsule LJquidus Obse rved Corrected
free temperature liquidus liquidus

Cdcomposition volume Te fraction correction temperature temperature
(x) (cm3) (%) (°C) (°C) (°C)

0.1 0.19 50.02 0 733 733
0.2 0.26 50.04 0.1 791 792
0.3 0.69 50.11 0.4 841 84T
0.4 0.88 50.21 1.0 882 884

0.6 0.96 50.33 2.1 952 954
0.7 0.74 50.27 2.0 990 992
0.8 1.46 50.31 2.5 1022 1025
0.9 0.87 50.20 1.9 1051 1053
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Table IV. Liquidus and solidus temperatures for Hgl.xCdxTe.

Normal Actual composition Solidus A c t u a lcomposition Liquidus
Composition atsolidus temperature atl iquidus temperature Supercooling

(x) (x) (oc) (x) (°C) (°C)

0 0 670 0 670 9
0.1 0.100 690 0.100 733 14
0,2 0.200 706 0.200 792 11
0.3 0.301 727 0,302 841 10
0.4 0,402 748 0.404 884 11

0.6 0.604 810 0.607 954 14
0.7 0.704 850 0.707 992 24
0.8 0.806 904 0.810 1025 19
0.9 0.905 952 0.907 1053 30
1 1 1082 1 1082 7

1050

1000~- / /

  00r/ / -

0 0.2 0.4 0.6 0.8 1.0
CdTe fraction, x

Fig. 8 Hgl.xCdxTe phase diagram.

Error Analysis and Comparison with Previous Results

The major recognized sources of error in the phase diagram data are the
thermocouple calibrations, the subjectivity in selecting the proper phase-
transformation points from the DTA curves, and the uncertainties in the
ampule free-volume corrections.

Because the Sb melting point (630.7°C) was used to calibrate the thermo-
couples during each DTA run, the calibration should be quite accurate near
that temperature, although it may be less accurate with increasing temperature.
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A type-K thermocouple calibrated at 6 3 0 . 7 ° C s h o u l d be a c c u r a t e to w i t h i n
± 2 ° C up to 930°C.(8,15) In tests o f t h r e e different thermocouple combinations
u s e d d u r i n g this investigation, the m e a s u r e d melting temperature o f a A g s t a n -
d a r d s a m p l e d i f f e r e d from the IPTS-68 v a l u e o f 9 6 2 ° C by not more than
± 3 ° C . Therefore, the expression 3(T - 6310C)/(930 - 631) was u s e d a s the
calibration uncertainty at temperature T , w h i c h is equivalent to a n uncertainty
a t the A g melting p o i n t o f 3 . 3 " C a n d is considered a d e q u a t e to inc lude any
graph-paper calibration e r r o r s a s well a s thermocouple calibration errors. For
each s a m p l e , the calculated uncertainties a r i s i n g from the temperature
measurement uncertainties a r e l i s t e d in T a b l e V.

The s e c o n d potential s o u r c e o f e r r o r i s in determination o f the critical
points o f the D T A curves. F o r the so l i dus points, the extrapolation o f the S vs
T s c u r v e to the b a s e l i n e for alloys with 0.1 < x _< 0.7 a n d the choice o f the
o n s e t o f deviation from the b a s e l i n e for alloys with x = 0.8 or 0.9 are s o m e -
what subjective. Similarly, t h e r e were uncertainties in identifying the l iqu idus
points. The latter uncertainties were a b o u t I*C except for the x = 0.1 s a m p l e ,
w h e r e the l iqu idus onset o c c u r r e d in a r e g i o n o f steep slope, a n d for the
x = 0.8 a n d 0.9 samples, for w h i c h the l iqu idus o n s e t was s o m e w h a t r o u n d e d ,
a s s h o w n in Fig. 6 . Estimates o f subjectivity in r e a d i n g the D T A c u r v e s a r e
g i v e n in T a b l e V u n d e r the c o l u m n s h e a d e d " R e a d i n g D T A C u r v e . " The
uncertainties listed f o r the free-volume corrections a r e 25°70 o f the t o t a l free-
v o l u m e corrections.

The total uncertainties l i s t e d in T a b l e V a r e the s u m s o f the i n d i v i d u a l
uncertainties a n d are believed to represent the m a x i m u m p o s s i b l e errors in the
reported p h a s e equ i l i b r ium temperatures.

The so l i dus a n d l iqu idus temperatures are c o m p a r e d with the results o f
previous investigations in F i g . 9 . The d a t a o f R a y a n d Spencer(l) a n d B l a i r a n d

T a b l e V . Uncertainties o f the solidus and liquidus temperatures.

Solidus temperatures Liquidu$ temperatures

Reading Reading Free
Temperature DTA Temperature DTA volume

Composition calibration curve Total calibration curve effect Total
(x) PC) (°C) (°C) (°C) (°C) (°C) (°c)

0.1 0.6 1 1.6 1.0 3 0 4.0
0.2 0.8 1 1.8 1.6 1 0 2.6
0.3 1.0 1 2.0 2.1 1 0.1 3.2
0.4 1.2 1 2.2 2.5 1 0.3 3.8

0.6 1.8 2 3.8 3.2 1 0.5 4.8
0.7 2.2 1 3.2 3.6 1 0.5 5.1
0.8 2.7 3 5.7 3.9 2 0.6 6.6
0.9 3.2 5 8.2 4.2 2 0.5 6.7
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Fig. 9 Comparison of present phase-equilibrium data with previous results.

Newnham(2) were derived from DTA measurements. Harman's(3) da ta are
from chemical analyses o f first-to-freeze regions of mol ten al loy samples .
Steininger 's(4) da ta were derived from thermal analyses of samples in a high-
pressure apparatus.

A D T A measurement t e n d s to yield a so l idus temperature that is too low
because o f poss ib le inhomogeneit ies in the sample, whereas the first-to-freeze
m e t h o d t e n d s to yield an x v a l u e that is too low for a given temperature.
Therefore, on a temperature-composit ion p lo t , a so l idus c u r v e determined by
the first-to-freeze composi t ions should fall at or a b o v e the true c u r v e , and one
determined by D T A measurements should fall at or b e l o w the true c u r v e . In
the present c a s e , the D T A data establ ish a so l idus c u r v e that n e a r l y coincides
wi th the l o w e r l imi t o f H a r m a n ' s first-to-freeze d a t a , and the two independent
sets of da ta thus are corroborative.

For mos t composi t ions , the so l idus and l iqu idus temperatures determined
by th i s invest igat ion are much larger than t h o s e r e p o r t e d by Ray and
Spencer.(1) A poss ib le explanation for the discrepancies is a d v a n c e d in Ref. 16 .

Liquid-Solid Equilibrium Parameters

The equi l ibr ium temperatures in T a b l e V were used to calculate the
temperature and composi t ion dependence o f the l iqu id / so l id interface dis t r ibu-
t ion coefficient, k(T) = xS(T)/xl(T), w h e r e xs and x 1 are the so l idus and
l iqu idus composi t ions . To faci l i ta te the calculat ions, analytical expressions
were developed for xS(T) and x l ( T ) . The fol lowing functional f o r m s were used:
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xS(T) = C l s i n ~ T + C 2 s i n ] T *l /

+ C4T * I / 2 (T ~" 690°C)

+ C 3 IOgl0 (9T* + 1)

( l O a )

xS(T) = xS(690°C)(T - 670"C)/20°C

and

(T < 690°C) (10b)

x l ( T ) = DIT" + D2T*2 + D3T°3 + D4T°4, (l 1)

w h e r e T* = (T - 670°C)/412°C and C i and D i are constants . In F i g s . 8 and
9 , the so l id curves are p lo t s of Eqs . (10) and (l l ) for the values o f C i and Di
given in T a b l e VI. The calculated values o f k(T) are s h o w n in F i g s . l0 and 1 l
as funct ions of temperature and xS(T), respectively. For smal l x (x _~ 0.1), k i s
approximately e q u a l to (dxS/dT)/(dxl /dT) at x = 0 . The uncertainties for the
Iow-x p h a s e d i a g r a m measurements in T a b l e V imply an uncertainty in k of
± 0.5 at x = 0 . Within experimental uncertainty, the k values given in F i g s .
10 and I l a g r e e wi th t h o s ew h i c h w o u l d be obtained from the so l id lines in
F i g . 15.5 of Ref. 3 .

To c o m p a r e the observed DTA signals wi th t h o s e expected from the al loy
propert ies , the equi l ibr ium l iqu id fract ion, M I ( T ) , was determined by using the
lever r u l e , MI(T ) = [xS(T) - Xo]/[xS(T) - xl(T)], and the analytical expres-
s ions of Eqs . (10) and (l 1) for xs and x1. The temperature derivatives o f MI(T )
are s h o w n in F i g . 12 for the indicated composi t ions .

Figure 13 s h o w s the observed, normalized DTA signals for the various
al loy composi t ions . A comparison with Fig. 12 shows a one-to-one correlation
between the magnitudes o f the D T A signals and the variat ion of d M i / d T with
composi t ion . Even the bimodal c h a r a c t e r o f the x = 0.6 and 0.7 D T A curves
is predicted by the variat ion of d M i / d T with temperature. T h u s , in principle,
i f the heat transfer characteristics of the furnace/sample system were k n o w n ,
the composit ional and temperature variat ions o f d M i / d T and thus Mt(x s, x ],
Xo) c o u l d be calculated from the measured thermal-arrest curves and vice
versa. H o w e v e r , meaningful deconvolut ions o f the measured D T A curves

Table VI. Values used for the constants Ci and D i.

i ci D i

0.502804 0.607640
2 0.165390 0.077209
3 0.746318 0.696167
4 -0.413546 -0.381683
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would require a precise thermal model for the sample/furnace system. Ap-
proximate heat-transfer calculations were nevertheless performed, and, in
general, the calculated and observed DTA curves for the various alloy com-
positions were comparable. As expected, the detailed features of the calculated
curves were sensitive to small variations in the values of the heat-transfer
parameters, some of which are not known precisely.

C3
2 - -

1
600

I I 1 I

700 800 900 1000 1100
Temperature (°C)

Fig. 10 Temperature dependence of the interface distribution coefficient.

4

t5
2

1 I I I I
0 0.2 0.4 0.6 0.8 1.0

Solidus composition, x

Fig. 11 Composition dependence of the distribution coeff ic ient . At
x = 0 the uncertainty in k is ± 0 . 5 .
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Fig. 13 Compositional variation of the observed D T A signals as functions of sample
temperature.
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