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ABSTRACT

The iso-activity of [ Y] of samples reached in multiple-hole-graphite crucibles by controlling
the oxygen potential through the reaction 2[ Y ]+ 3CO=Y,0;+ 3C. Combining conjugate gradi-
ent method of solving ill-conditioned equations, the activity interaction coefficients between Y
and Al, Si, Ti, Fe alloying elements were determined. The equilibrium constant of the reaction
2[Y]+3[0]=Y:0; and the standard free energy of formation of Y,O; in liquid Cu were ob-

tained at 1200 C.
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1 INTRODUCTION

Rare earth elements play important roles in pu-
rification, modification and improving the proper-
ties in copper-base solutionst!). Al, Si, Ti and Fe
are impurity elements when their contents are low-
er, and they are alloying elements when their con-
tents are higher in copper. The interaction between
the added rare earth elements and those elements
can improve the properties of copper alloys, but
the extents of the interactions are still unknown.
Therefore, it is important to study the thermody-
namics of the interactions between rare earth ele-
ments and those alloying elements as well as the de-
oxidation action by rare earth elements in liquid
copper.

2 EXPERIMENTAL

The purities of Cu and Y were 99. 90% and
99. 959% respectively. Al, Si, Ti and Fe were
chemical pure, and the graphite crucibles were spec-
trally pure.

A furnace with molybdenum disilicide heater
was added, and the working zone was 9 cm long.

A DWK-702 controller was used to regulate the

temperature with an accuracy of =2 (. The ex-
periments were done in a graphite crucible with six
holes each of which contained 50 g of electric cop-
per under a CO atmosphere. The equilibrium time
was 3 h. First, the copper was melted at 1200 C

and kept at that temperature for 30 min to pre-deox-
idz it. Yttrium was added to each hole and the bath

was stirred with a spectro-pure graphite bar 30 min

later, Al(or Si, Ti or Fe) was added to each hole

according to the pre- determined quantities. The

bathes were stirred and then given a 30 min rest be-
fore being stirred again. After 3h equilibrium, the

the furnace and

quenched in water. The equilibrium products of Y

were extracted from alloy samples by electrolysis.,

and the dissolved Y was measured by spectropho-
tometry.

crucible was drawn out of

3 EXPERIMENTAL THEORY AND
DATA PROCESSING METHOD

3.1 Experimental Theory

The [% C ] in liquid copper was less than
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0. 00017 at 1200 'C, so C was regarded as insolu-
ble in Cuf®.

The following chemical reaction reaches equi-
librium under the experimental condition

2[Y]+3CO0=Y,0;+3C ¢D)
The equilibrium constant is;
k = ayo.at/(a}pio) (2>

Using working pressure pco = 0. 1 MPa, and

taking pure substance of C and Y.0; as the activity
standard, thenac = 1, avo, = 1,
S0 k= 1/d} 3)
where  k was constant when the temperture was
unchanged. Therefore, a} was constant, so the ac-
tivity of [ Y] in the six bathes of the graphite cru-
cible reached equality.

3.2 Data Processing Method

The a;o) was determined by the following reac-

tion .
C+[0]=cCo )
We know that
C+0,/2=CO
AG° =—114280—85.7T J/mol (5)
02/2:[0:|Cu
AG° = —85272418.52T J/mol (6)

Combining Egs. (5) and (6), we get

c+[o]=co
AG® =—29008—104.22T J/mol 7
Where T =1437K, pco =0. 1MPa, a;o7 =3.3

X 10 7, so the quaternary system Cu-Y-M-O can
be regarded as a ternary system Cu-Y-M.
lgay = Igfy + 18[ %0Y ]
= [UY]+ WL%Y ) + [ WM
+ AMMT + A UMIL%Y]
+lg[%Y] (8)
The lgay of the binary Cu-Y with the same a,
as the ternary Cu-Y-M is expressed as
lgay = Y[ 26Y Jo + WL 26Y S
+ 1gL %Y Jo (9

where [ %Y ], represents the concentration of Y
in the Cu-Y system. (9)—(8).
[%Y]f) Y 0 0
— (%Y
Ig [%Y:I eY(I:AY:] I:A ]0)

+ (%Y — [%Y D)
+ N[ %M+ ALSMT

+ A YY) X [BM a0

when e} =0.036, and ¥ =—2. 04 X 107381,
Eg. (10) becomes
1g{[%YJo/[%Y]} — 0.108([%Y] — [%YIo)
+2.04 X 10°°([%Y]2 — [%Y]D)
= ¥ [UM] + AL UM

+ MY L%YI[%M] an

A number of points were taken from the iso-

activity equation( = —>1000), and a least square
fitting method was applied to the data. Three ill-
conditioned equations were obtained, and the activi-
ty interaction coefficiens were determined by a con-
jugate gradient method of solving ill-conditioned e-
quationst®J,

4 RESULTS

The equilibrium products of the Cu-Y-M sys-
tem were identified as Y.0; by X-ray diffraction.

4.1 Actwity Interactin Coef ficients

The experimental data for the Cu-Y-M(M=
Al, Si, Ti and Fe) systems are shown in Fig. 1,
the iso-activity equations were obtained through re-
gression.
For the Cu-Y-Al system;
[%Y]=0.73340. 083[ %Al ]+ 0. 038 %Al ]?
and y =0.79%4
For the Cu-Y-Si system
[%Y]=0.77240. 314[ %Si]

—0. 00052[ %Si]?and y =0. 95

For the Cu-Y-Ti system .
[%Y]=0.782—0.426[ %Ti]+0. 180 &%Ti*
and y =0. 978
For the Cu-Y-Fe system,
[%Y]=0.751—0. 691 %Fe]4+0. 495 %Fe }*
and y =0. 981

By using the method explained in section 3. 2
and the relationship between activity interaction co-
efficientst”), the interaction coefficients between M
and Y were evaluated.
For the Cu-Y-Al system;

et =— 0.106, ¥ =— 0.029,
whY =—0.066, e, =— 0.017,
=—0.014, &{, = =— 9.9

For the Cu-Y-Si system
eV =— 0.414, ¥ =— 0. 059,
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vt = 0.272, el =— 0. 128,

v = 0.097, & =&, =— 41.5
For the Cu-Y-Fe system;

& = 0.711, ¥ =— 0.392,

WY =— 0.318, ef. = 0. 448,

e =— 0.342, &f, = & = 143.9
For the Cu-Y-Ti system;

eY = 0.414, ¥ =— 0. 145,

WY =—0.225, ef, =— 0. 247,

i =— 0.158, & =& = 79.0

4.2  The Equlibrium Constant of the Reaction
Between Yttrium and Ozrygen and the Stan-
dard Free Energy of Formatwn of Y,0;

m Liquid Cu

interaction coeffi-

Substituting the activity
cients to Eq. (8), the average value of ay was ob-
tained to be 0.918. Therefore, the equilibrium
constant of the reaction 3[04+ 2[Y ]=Y,0; is
found to be.
k= (ada?) ' = (3.3 X 1077)7% x 0.981 2

= 3.30 X 10"

The deoxidation constant of Yttrium is

kYzos = ]/k =3.03 X 107

The Gibbs standard free energy of formation
of Y,0; is

AG%,0, = RTInk =—550. 53 kJ/mol

5 CHECKING OF ISO-ACTIVITY

Taking five concentration points from the iso-
activity lines of the Cu-Y-M (M= Al, Si, Ti and
Fe) systems and using the activity interaction coef-
ficients, the ay were calculated from Eq. (8) and
listed in values of Table 1, it can be seen that the
[ %Y ] has reached iso-activity for all the systems.

Table 1 Checking of iso-activity
[%M] B
Cu-Y-M ay
0.1 0.3 0.5 0.7

Cu-Y-Al 0.922 0.922 0.922 0.922
Cu-Y-Si 0.921  0.922  0.92! 0.921 0,018
Cu-Y-Ti 0.933 0.936 0.936 0.936
Cu-Y-Fe 0.892 0.892 0.891 0.892




Vol.4 N 4 Thermodynamics of Cu—Y —M Lquid Solutwns

For the Cu-Y-Ti;
6 CONCLUSIONS ey = 0.414, y§ =— 0. 145,
WY =—0.225, ef =— 0. 247,

(1) The equilibrium products of Cu-Y-M (M e =—0.1508, el = &F = 79.0
=Al, Si, Tior Fe) system were identified as Y.O; (3) The equilibrium constant of the reaction
at 1200 C. 3[0]4+2[Y]=Y:0sis 3. 30X 10" and the Gibbs

(2) The activity interaction coefficients be-  standard free energy of formation of Y,Os in liquid
tween M (M=Al, Si, Ti or Fe) and Y in liquid Cu is —550. 53 kJ/mol.
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