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ABSTRACT

Thermodynamic propetties of Al-Ce-Pb and Al-Ce-Sn liquid systems were studied by direct equilibrium method

at 800 (. The results obtained include . equilibrium products, rtheir standard Gibbs energies of formation, equilibri-

um constants of reactions and activity interaction coefficients between Ce and Pb or Sn in liquid aluminum.
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I INTRODUCTION

Because of their good effects of purifica-
tion, modification and alloying on the struc-
ture and properties of alloyst''?!, rare earth
elements have been widely used in the produc-
tion and processing of aluminum alloys. The
thermodynamic properties of aluminum- base
dilute solutions have been studied by some au-
thorst*#J, but scarcely have the rare earth ele-
ments been involved in. To investigate the
thermodynamic properties of the rare earth el-
ements in aluminum-based solutions, the in-
teractions between Ce and some important ele-
ments have been studied!®''*!, and in this pa-
per, those between Ce and Pb or Sn are stud-
led.

2 EXPERIMENTAL

The studies were carried out with alumi-
na crucibles in a vertical-placed Mo-wire re-
sistance furnace under high- purity argon at-
mosphere, the accuracy of the temperature
measurement with a DWT-— 702 instrument
was =2 (. The purity of starting materials
was = 99. 9%. To reach equilibrium. the

thermodynamic properties

melts were kept for 60 min at 800 (C for the
two systems, Al-Ce-Pb and Al-Ce-Sn. The
samples were extracted from the melts with
quartz tubes and then quenched in cold water
rapidly. The contents of components were
limited within 0 ~ 1.5 wt.-% and deter-
mined by spectral analysis. The compositions
of equilibrium products were identified by se-
lected areas electron diffraction (SAED) stud-
ies and the energy dispersive spectrum analy-
ses with a transmission electron microscope
(TEM).

According to the calculated result, the
volatility of Pb and Sn could be neglected un-
der the conditions of the experiment.

3 RESULTS AND DISCUSSION

3.1 Equtirium Products

The samples being analysed with the
TEM, the structure of the equilibrium phases
could be determined with the SAED paiterns
and their compositions with the energy disper-
sive spectrum results, therefore, Ce;Al,, was
identified for both of the two systems. A
[101] diffraction pattern of CezAl;; was
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shown in Fig. 1.

Besides, there existed Ce,Pb, ot Ce,Sn,
for the two systems, respectively, but their
exact compositions had not been identified re-
liably. This was because that Ce, Pb and Sn
have larger atomic semi-diameters, so Ce,Pb,
and Ce,Sn, phases are thicker. It is difficult to
transmit electron beam through them. and e-
nough diffraction patterns had not been ob-

tained.
Fig. | [101] SAED pattern of
the CegAl“ phase
3.2  Iqudirwm Constants

For both of the two systems, equilibri-
um reactions could be written as

Ce3Aly ¢, = 1 1AL, +3[Ce]] (1
under the conditions of the experiments, the
contents of components were very low and
Al could be regarded as pure substance, so aa,
= 1 and equlibrium constant [\'('ps/”“ = dced
and apparent one

K' con =[%Ce]®, hence,

Ay
KCeJ_‘AI“ =( [ Cﬁ[%ce:\)3
lghcem, =I18K" cenr,, 318 ce=18K" o,
+3Ce & UCe]+ e[ UMD (3
Because of low values of self-interaction coef-
ficients, the term, e &[ % Ce ], could be ne-
glected. Then equation(3) was arranged as
—Igh" cepn, = —lghcen +3e &L 2M ] 4)

The experimental data of the two sys-

(2)

tems were calculated using equation (4) and
shown in Fig. 2.
The data with low contents of compo-

nents being treated with least square method,w
linear equations for the two systems were de;
rived, respectively, as follows.

—IgK’ ce,m,, —A4.20—8. 54[ % Pb]

(5) 1

)

|
B
i

(r=0.94)
= 4. 05—5.52[ %Sn |
(r=0.98) (6)
According to the results of the two sys-
tems, at 800 C, the values of 1g A ce a1, Were

—IgK' Ceghl))

— 4. 20 and — 4. 05, respectively, the aver-
age of them was —4. 13. Hence, the equilib-
rium constant of reaction (1) was Acea =

7.48% 107,
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Fig. 2 Concentration dependences of
~—lgK’ Ce Al in liquid aluminum

3.3  Standard Gibbs Energy of Formution of

Lquilibriem Product

The standard Gibbs energy of formation
of the equilibrium product, CesAl;;, was de-
termined as, in liquid aluminum.

A\ G¥cn == RTINC1/ Ko, )

= —84. 8 kJ/mol

3.4  Actwity Interaction Coefficients Between

Ce and Pb or Sn

The slope of equation(4) was equal to 3
e ¥. According to the comparisons between e-
quations (4 ) and(5) or(6), the coefficients
were determined. eft — — 2.85, & =
1. 84. In addition, e = (Mpy/Mc), e &=
1.48, e o=— 4. 21, ¢ &= (Ms,/Mc.), @
n=0.85, eZt=-1.56 (to Page 51)
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olublties of Ce, Nd, and Y m a-Fe at Room Temperature D51 .

perimental determination by cooling down to
Jow temperature at a certain rate. We con-
clude that the sluggish diffusion of rare earth
solutes at low temperature and the relatively
low purities of original materials are the key
factors bringing about errors in final measure
ment results.
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4 CONCLUSIONS

(1) The equilibrium products are identi-
fied as CezAl;, for both of the two systems.
Besides, there exists Ce,Pb, or CeSn, for
them, respectively;

(2) The equilibrium constant is 7. 48
X 107° at 800 C for reaction Ce:zAl, ¢, =
1TAlL+3[Ce ] in liquid aluminum ;

(3) The standard Gibbs energy of for-
mation of the equilibrium product, Ce;Al;,,
is —84.8 kJ/mol at 800 C in liquid alu-
minum

(4) At 800 C, the activity interaction
coefficients between Ce and Pb are. e 80— —
2.85, efi=—-4.21, ei=¢=—>5 027,

and these between Ce and Sn are, e 0=
] 8‘—1 (’Sn -569 E'E',]‘ts,ﬁ**[ 86].
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