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Consideration on Effects of Surface-Active Components
on Surface Tensions of Molten Alloys

=
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Surface tensions of molten alloys are of importance for effective designs of the materials manufacturing processes such as

welding and die casting, and are strongly decreased by surface active species. Although the oxygen effect is especially paid

attention for the actual process, the mechanism for its adsoption on alloy surfaces has not been clarified sufficiently. In the

present work, the adsoption of oxygen on metal and alloy surfaces as oxides are described successfully by Belton’s equation

on the basis of the assumption that the “associated compounds” form at metal atoms on the surface.
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Fig.1 Surface tension of Fe-O melt at 1823 K against (a) oxygen content

and (b) oxygen activity."
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Fig.2 Oxygen effects on surface tensions of binary alloys (a) Fe-Cr
system at 1823K>® (b) Ag-Au system at 1381K” (c) Ag-Cu
system at 1373K®.
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Table 1 Surface tensions and molar volumes of pure metals.

Metal o (mN / m) V(10 m* /mol) '
Fe 1918—0.43 (T—1811) Y 7.94 (1 + 1.3 x10%(T—1811))
Cr 1780—0.544 (T—2148)')  8.30 (1 + 1.0 x10™*(T—2148))
Ag 911—0.142 (T—1234) > 11.6 (1 +0.98 x10*(T— 1234))
Au 1130 ; 1373K"™ 11.3 (1 +0.98 x10*%(T—1337))
Cu 1340 ; 1373K® 7.94 (1 + 1.0 x10*(T— 1356))

Table 2 Excess Gibbs energy for mixing of binary alloys.
G, =X, X, > L/ (X, - X)) (Jmol)

Jj=0
1-2 L° L' L?
Fe-Cr'"™®  —17737+7.997 T -1331
Ag-Au'® 20587 +7.838T 1.221T
Ag-Cu'® 16990 -2.060 T 2747 +2.058T 2779-1.714T
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Fig.3 Surface tensions of binary alloys against oxide activity (a) Fe-Cr
system at 1823K (b) Ag-Au system at 1381K (c) Ag-Cu system at
1373K.
N 0)
dinag,
1
—RTTHK oY, [0 4y =0—0° 21
40 B 40 AJ.O 1+ K ¥ ,a, o (21
o=0°—RIT“ In(1+ K ,,Y ,a,) (22)
L7EERo TERRETD A LOIRIZEY ‘AO™ BWAE

—292—



O % & EE E32E 55 (20064E9 A)

(a) 1 T T T T T T T T T
7
7
L / 4
v
4
4
— 4 —
. 4
4
.
4
L ’ 4
4
e
7’
0.6 ’
- , ]
: O .
4
= .
E Y
3 L , E
4 .
4
4
0.4} ¢ -
. 4
4
4
4
- 4 -
/
4
7/
"’
L 4 1
7’
4
4
- 4 -
v
1 I 1 I 1 I 1 I 1

bulk
XFe
(b) 1 T T T T T T T T T~
//
- /,/ 4
//
0.8} O
4
4
L L 4
4
4
sy 0.6 .
2 éﬂ - /,’ 4
4
= 0.4k S -
4
4
4
- 4 -
4
//
0.2 .
4
4
- ’ -
4
4
4
7 1 I 1 I 1 I 1 I 1

XAgbulk
(C) 1 T T T T T T T T T =7
0.8F P
. 0.6 e -
= 0.4 e -
0.2 e -

i R R R R R

0 02 04 06 08 1

)(A gbulk

Fig.4 Surface compositions of binary alloys (a) Fe-Cr system at 1823K
(b) Ag-Au system at 1381K (c) Ag-Cu system at 1373K.
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Fig.5 Schematic diagram of adsoption behavior of oxygen forming
associative oxides of AO or A,O at surface of binary A-B alloy.
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Fig.6  Surface tensions of binary alloys against surface ‘“associated

oxide” activity (a) Fe-Cr system at 1823K (b) Ag-Au system at
1381K (c) Ag-Cu system at 1373K.
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