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ABSTRACT 

Three different solution models have been ~ to dcscn'be the experimental 
data for mixin~ cnthalpies for liquid Cd=Tl- ln alloys. Al l  models require that an 
additional ternary term of  the form. ~ A ~ -  " x A  " x t ,  " xc- I~  added to the summation o f  
the binary mixing__ enthalpies o f  the constituent systems in order to obtain satisfactory 
agreement b c t v ~ n  CXlX'rimcntal and calculated ,,."alucs. 

IN'IRODUCTION 

In the past several years interest in the calculation o f  the thermodynamic 
propc~ics o f  ternary systems from the data for the base-binary systems has increased 
considerably. This has arisen principally ix:cause of  the diflicultics associated ~i th  
CXl~rimcntal measurements in the ternary ~ t c m s  and Ix:cause of  the ,-ast number o f  
data points needed to adequately describe the surface configuration of  the selected 
thermodynamic property, i t  would be o f  considerable ad,~antao_je to h a ~  available 
analytical cxprc:~ons which would allow calculation o f  the entire ternary mixing 
enthalpy suffac~ from a limi'.ed number of  tcrnary data points- Several models are 
available for this type o f  analysis and most have been described by An.sara'. it ,.~as 
the purpose of  this work to apply three different models to the mixin s ¢~tthalpies for 
the Cd-Tl - ln  system and compare the calculated rcsu!ts with the cxpcrimcnlal data 
of  Prod©! and Bcrka ~-. 

MODIEL A-.~AL'i'SIS 

In the analysis and calculation o f  tommy mixing cnthalpics from the binary data 
it is customary to a~um¢ that the ternary data arc adequately represented by the sum 
of  the base binat3, data at  the appropriate alloy composition. That  this is not  always 
the case has been illustrated by Sharkey et al. 3 who have shown, in the development 
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o f  the modified quasi-chemical modcl  and  its subsequcnt application, that a tcrnary 
inw.eraction term o f  the t3q~c Ct-~xu-v¢ occurs- Hcrc C, is a constant and xA, .v~ and x c 
are mole frm.!ions o f  A ,  13, and C'. I t  is not surprising that a term o f  this type exists. 
From strictly a ph~iea l  standpoint i t  is c~pectcd that the addit ion o f  a third atom, G 
to a binary l]iquid solution o f  A and B wi l l  perturb the A=B bond energy and thus 
lead to  ~ term with the above form. L i k ~ - i ~  the addi t ion o f  B to A - C  and A to B-C 
• ~ill produce similar pcarturbations o f  the primary bond energy in the ~ binaries 
leading to addit ional  terms o f  the same form. In the simplest approximation t h ~  
three terms can be combined into a sin_~-Je t ~ n a r y  interaction term. S u b ~ u e n t l y  this 
term can be determined from ~--xpcxhnental data  and the remaining ternary mixing 
enthalpy surface calculated. 

In this work three different models have been used to determine analytical 
c x p ~ o n s  for the binary_ systems Cd-TL C d - l n  and  Tl=ln. T h c ~  arc. the regular 
solution meN,let o f  Hildcbrand't.. the sub-t~e°~ular solution model o f  Hardy ~. and  the 
modified quasi-chemieal model  o f  Sharkc3" ct al_ 3. With these models the mixing 
enthalpics c~tn be expressed by the following three cquation~ 

=  IXAX. ( ! )  

and 

= + - ( 3 )  

in  these equations .x-~ and  xa denote  the a tom fractior~ o f  A and B, rcspectivdy, and 
t h e ~  i terms are constants determined by a least-square~ fit o f  the data e x p ~  in the 
f o l , ,  o f  ~H]-x'Ax e- I f  one  ¢ : x p ~  the function ~tl/XA.X: B ~ a .~,~-__ond d ~ r e e  poly- 
nominal  in x A, the follo,~ing equat ion ~ l t s  

~Hxl --'-- A I -t" Aa.X A "t- A3X ~ (4) 
XAXII 

This equat ion yields the coefficients for the r ~ u l a r  model  for A= = .43 -- O, the 
sub-regular model  for ` 4 j  --" O and  the modified qua~-cltemical model  i f`4t ,  ,4= and 
,43 are non-zero ,falues. This  equat ion is quite easily handled by a computer  to y i d d  
resultant  values o f  the ~ coefficients for each model  from a least-squares fit o f  the 
expe~mental  data.  

The  t ~  m~in~  ¢nthallP~C~ can be e _ x p ~  by the following equat ion for 

each model  

It  has been shown by $1".arkcy et al. ~ that  the ternary interaction term must appear  if  
a dcviation from a random a tom distribution oc~-urs. Since this is the case for a 
number  o f  binary metallic systems the same is expected to  be true for the tertiary 
~.~tem~ I f  the system does have a r andom distribution o f  a tom types then the ~t~ c 



235 

cod]'p=icnt approaches zero and the ternary mixing cnthalpy is adequately expressed 
by the sum o f  the binary mixing cnthalpic~. For  thc C d - T l - l n  ~-stcm the 2 - .c  term 
has Ix~n determined for  each mode! f rom the experimental data o f  Predcl and Berka z. 

The initial step in this a n a l ~ i s  x~-as to detcrrnine thc anal)I leal  coefficients for 
the three binary. ~ t c m s  u~ng  each mode l  The  rcportcd data  for Cd~ ln"  and  Cd-T]  ~ 
by Prcdcl and  Bcxka as well as the data  on T]- In  calculated by Bcrka ~ hax-e been used 
sinc~ thcy~ data  ~x~rc obtained under  the same condit ions as the C d - T l - l n  data  z. 
For the Cd-T I  system the following set o f  equat ions ~-as obtained 

.411~ -- 1970xc .v~  (6) 

= 24!5 + - caxT, (7) 

(s) 

where 4 H  xt ~alucs arc ~i~-¢n in calEb-atom- Similar equatlon~ for C d - l n  and T l - l n  
arc ~ i ~ n  below. 

.dtl~ = 161S Xc, r, cb, (9) 

~III~. = 2164.X'caX~,, + 1073 xca.x',.. ( i o }  

(l t) 

~lH~ = 549 x 1 ! x , =  0 2 )  

3H~sa = 6S6 xT~x~, ÷ 412 x~x t ,  03) 

(t4) 

From the : [ j  coefficient in the SHP equation i t  is apparent that only the Cd-T ]  
s )~em exhibits a gross d~ ia t i on  f rom random behavior. 

For each model the ternary mixing cnthalpy was first calculated using only the 
sum o f  the binary expressions. The results o f  these calculations arc shown in Fi~s. I - 9  
for 3 different T l ~ n  rati_os. Only in the ca~  o f  a Tl~!n rat io o f  9 is the agreement 
bct~oen the calculated curve and experimental data  satisfactory. The maximum 
difference appears  a t  a T ] ~ n  ratio o f  I. Since the sum o f  the binary s~'stcms does not  
g i ,~  satisfactory agreement ~ i t h  the cxpcrimcntal data  the ternary coefficient, ~Attc, 
~ v c n  in eqn. (5) was calculated using each different model. This  was done in the 
follov, i n g  manner.  The  tcrnary mixing enthalpy at the composit ion xc~ = 0.5 x~ms 
calculated usin$ the sum o f  the binary terms for the 6 a~ailable quasi-binary sections 
o f  different Tl! In  ratios. This  ucas then subtracted from the measured mixing cmhalpy  
and  the result divided by the corresponding mole fraction product.  XcaXT~Xk,. The  
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~x  cocl lkicnts obtaincd in this x~-ay ~zrc  thcn avcra~--~xl to y l d d  a single interaction 
parameter. The resulting numbers, in calf g-atom, arc ~,.~n bclow. 

a h c  = 100c~; ~ w :  = I tz33; ~ c  = t t6 t4  ( t ~  

"~Vith the exception o f  the T l / In  ratio o f  9 thc indi,.idual cocllicicnts dif fcr by Icss than 
15 ~-~ f rom thc avcragc value_ 

The mi.~ng enthalpies calculated using the abo,,e coefficients are compared to 
the c.xpcfimcntal data  and the calculations , , i thout  the ternary tcrm in Figs. I-9. 
I t  is obvious that  the addit ion o f  the ternary term yields much bettcr agreement  for all 
three models. However.  it is not  possible to differentiate a m o n g  the three models sinc~ 
all three a~ree with the experimental data  to approximately the same degxee_ in order  
to  obtain a perspective o f  the mixing enth21py surface a computer  program xs~ 
written which would plot the ternary data. The  experimental data  are shown in Fig. 10 
and  the  calculated data  from the three models  in Figs_ I !-13. From thcsc figures it is 
obvious that  the experimental data  go through a maximum at about  .Vcd = 0.4 for a 

Tlfln ratio o f  I while the model  calculations ~,ithout a ternary interaction term sho,v 
a min imum in the mixing cnthalpy surface. 

On thc basis o f  the abovc analysis it is concluded that thc mixing cnthatpic~ 
in the Cd .T l - In  system are adequately described x~ith any of  the three models consid- 
ered but a ternary interaction term must  be included. 



241 

t j l  I 

i ~ JZ_~... ~ ~I-! 

, " - ~ ~ c - ~ .  ~- ~tilf--.J--..~ - - - ~ -  
r /  # - .- " i -  ~ t / . . # !  ~ :. ,L 

:~ " " ~ " " ~ • " " " " l 

" ~ !  i # I# ! ~ i ' i " -  ! ~",,,. ~ I l_ 
M i i i #  ' ~ i  i i " q .  i ~. 

In 0 2  n4 0 6  ~8  

Fi,~. IO- IF..xpclr~mc~la~l d,31a for Cd-T ! - In  a l l o ~  (rcf. ~)_ 

- I I ! 

i / ~ ~  ~" I ' I ' i " ~ , . ' i l  
In  0 2  04 O5 O8 TI 

F ' ~  ! !- Ternary- mixing cmlhalpi~ for Cd-Tl-!n  ~icul~lcd using t l~  rcguhr  solution motid_ 



242  

~1 - ~ . - . - - -  TT - - ]  ! . . . .  , ,  

=n " - - ~  

]P~ 12- Tartary mixing ¢ltlll~lpics for Cd--l'l-ln Glk'ulalcd ushl~ Ihc sub-regular solution nm~!k:L 

" " / I / i  / I  /n 
/ I / ~ I / I / Y -  

i 

l=i~- 13- "r~rnmy m~i~_;ng cmh~lpic~ for Cd--'i'l-ln cakub tcd  usin~ the modificd q ~ l  modal- 

A C K ~ % 0 ~ - I ~  

T h i s  w o r k  w a s  ca r r i ed  o u t  whik~ M.  J.  P o o l  x~as a n  A l e x a n d c r  y o n  H u m b o l d t -  
S f i f [ung  A ,~a rdec  a t  t h e  Ma.x-P lanck- lns l i tu t  f 0 r  M e t a l i f o r s c h u n ~  S t u t t g m l .  T h e  
s u p p o r t  o f  t h e  A l e x a n d e r  ,oon H u m b o l d t - S t i f t u n g  is deep ly  a p p r e c i a t e d .  

1 !. Ansam. in O. Kukuchm-ski  (Ed-k , s f ~ m t  {7,emery. Ha" Majmy's  $ t a t i o m y  04T~__. 
l.ood~n. 19T'~_ 

2 B. Pmd~l ~nd H. Ber~.  Z. M~,zl~d.. 67 (I976) 296- 
3 R . L .  ~lmlqk~. M- J. Pool and M- Hoch. MethYl. Trans.. 2 (1971) 3039. 
4 J . H .  SiMebrmnd. J.,,qbm. ~ .~*e-,. 51 ( ig"~)66.  
5 H . K .  ]tmdy. A~ra Mctdl.. I (!953) 21~ 
6 I~ Pl'cdcl and H- ]B~k:m. Z.  ~r~,a~,uL. 67(1976) 198.- 
7 i ~ . P ~ d c l m n d H . ~ T A m r m m : A ~ . a ~ r , ~  16 (!976) 301. 
g 14. B e t ~  Di~mmr~'u.  Unimrsit,.qt S ~ m ~ n .  19/5. 


