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SURFACE TENSION AND ADSORPTION
IN METAL-OXYGEN SYSTEMS.

PASSERONE A., RICCI E.
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J.C.JOuD
LPTCM—-CNRS, 6renoble

The surface tension of ligquid metals is very sen-
sitive to Oxygen adsorption.

Experimental investigations on Ag,Fe . Ni, Co and Sn
have shown that the surface tension of these metal:
is strongly reduced (even up to 50X)by small
nxygen bulk concentrations (X << 0.01% ).

However, the eperimental results are very scanty
and refer ,practically., only to the systems
mentioned above .

It 19 therefore necessary to look for a theoretica
explication of the relationships existing between
oxygen surface activity and its solubility.
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FOUNDAMENTAL. RELATIONSHIPS

~SYSTEM : Liquid-Vapour
Two components
Equilibrium
Constant volume
Constant tsmperature

\DSORPTION OF COMP. 2 AT LIQUID-VAPOUR SURFACE
-
n v
r: = j&i ﬂm& L 'QF”'-'ql

-RELATIVE ADSORPTION (indepen. of dividing surf.)
X1
r:d - r: r: Xy

—SURFACE TZNSION () AND SURFACE COMPOSITION ()

4
are correlated by GIBBS ADSORPTION ISOTHERM:
d6=- sdT - g_r:J/;, , or, interms .} ]:.“af Irul;:

cz‘ =T (%E;:lr=='- 1;1' (igz;:ﬁ.‘)r

[ 8
-—Eﬁmay be obtained from the dependence of ths sur-

face tension on the activity of the solute 2
at any given temperaturs.

This equation is the basis for most adsorption
measurements associated with liquid solutions.



MODELS

—THERMODINAMIC MACROSCOPIC MODELS

-PERFECT SOLUTION MODEL OF AN INTERFACE
(=bulk ideal)

HYPOTHESIS : . Interface as a monolayer
No interactions between atoms
Atomes of similar size
Random distribution

This model gives:
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The model is valid for some metallic solutions as
Ag-Au , Cu-Ni , Au-Bi, Ge-Bi ,.........
Generally this model is not satisfactory.
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LANGMUIR ISOTHERM MODEL

HYPOTHESIS

1ike model above and
Number of surf.sita3 linitad

Final squation is:

€ =6, +RT f;mlm(-i-tg)

The model 13

In fact for

far

( 3eae FIS.

not valid for reactive gaaes.
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~-IMPAOVEMENT OF FONLER-GUGGENHEIM MODEL

HYPOTESIS Monolayer The energetic term can be written as :
Nearest neighbours interactions
Metal-Oxygen inter. paraqatars AE = 1/2 2 mée:'-b 1/2 21 t® | Ega- "'J.tl
from dissolution enthalpy
Metallic atoms interactions _ and putting
from evaporation enthalpy
Relative adsorption r;' r:.t 1/2 Z &, =-Hivap . 1/2 Z¢, - 1/2 Z ¢, = Hdiss
Surtace ‘'exclusion rule’
we obtain:
considering the adsorption reaction: AE=-GLES + P
Obulk + Vaup = QOsup
with (3- { Hd133 - Hivap )% a
the ‘equilibrium con3atant’ 13 : of = ( Hdizz - Hivap - 1/2 Z§E % i
M = near33t nelghbourz fractian
= ﬂ exp :Ag- 1o nes 2
two planea
a H - rl RT acroa3l
i( * 1) 1 = neareat nelghboura fraction
where M = number of moles of Oxygen in the plane
on a surface monolayer. Z = coordination numbsr

AE = Eb - Es
f = surface structure coeff.
if{ a surface compound Me,oy can form, then
f=(x+y) /y



Putting in the ‘equilibrium constant' the value
obtained from Gibbs adsorption equation , we get

* de = -ATM _K da
+ -AagE
Kfeo ex'( ___J

This equation may be integrated taking
into account:
a) A linear variation of the
energetic term with © = /M
b) f = constant
The integration leads to the final formula :

xt S =2C°+ RTM ‘—12—%19_— + -}'- en(i—”)}

where €° = surface tension of the pure metal

Equation xw : 1) 3how2 the variation of
34G8ARR L 5a72 100 wath

2) 3llow3 the eviluation 3f
o ,P. K from 2p2n1pental
43%3 £33 bs nad=.
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An analysls of equation shaws that, being
always d&€/ d® <= 0, it is:

RT
X < J8(-19)

If ol > 4RT then a surface miscibility gap 1is
obtained between the values :

-«]( 0 “ I [1+m}

From experimental data. using a non linear
fitting ,values of o, f. K have been obtained:

= 4AT ) max

Syshm oL -1Z¢,,
3; lelJt ltJ Inu’g
Cu 57 497
Fe 21 496
Co 3 502
N1 36 526
Ag 23 319

The table shows that the value of inter.parameter
between oxygen atoms , is quite near to the value
of the dissociation energy of oxygen : 493579 J/mol.

6~6°

RT" R
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For values Xn"f X < Xsat the model is not valid
¢l

Beyond X "'max, the surface concentration is constant
but

Up to Xsat ., bulk concentration varies.

because ';:

By integration of:

-1y . - Mo X
-RTT} =95 RT[[} £ l"‘}
where l;- r:,“
I = [mea

we get the final formula:

dma Tma Megr 1—-X

R e —h =

This squation , written for X = Xsat ,

yelds
=X

) * ] = it fon) ]S

that for X << 1 gives

This last formula allows an A PRIORI estimation
of the composition necesasary to rsach the
maximum value of oxygen surface coverage.
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CONCLUSIONS -

. INFLUENCE OF OXYBEN ON SURFACE TENSION OF PURE
LIQUID METALS IN THE COMPOSITION RANGE

- BEST

0 < X < Xaat
FIT OF EXP. DATA UP TO X max WITH THE

MODIFIED FOWLER BUBEGENHEIM ISOTHERM

— ADSORPTION ENERGY DEPENDS ON BULK THERMODINAMIC
PROPERT.AND , WHICH DEPENDS ON 'SURFACE COMPOS.'

— INTRODUCTION OF A 'SURFACE STRUCTURE COEFF.°

TAKING INTQ ACCOUNT THE STOICHIOMETRY OF ALL
POSSIBLE OXIDES.

~ THE MODEL SHONS THAT :

1) VERY SMALL VARIATIONS IN SURF. TENSION

2)

VALUES CAUSE CONSIDERABLE CHANGES 1IN THE
VALUES.

absolute need for much aore accurate
3uyrf.tens. measurem. and for detaralnat.
on a3 larger number of 3ystems.

SOME GENERAL RULES EXIST TO ESTIMATE X
AND THE RELATIVE MAGNITUDE OF and

FOR ALL METAL SYSTEMS.






