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ABSTRACT

The investigation concentrates on the morphology

of the oxidation products pr?duced in Ag-l.8, 7.5, 10.9,

12.9 and 18.7 wt %Zn alloys at 550°C under an oxygen

pressure ·of 1- atm. particular attention is give~ to the

structure of the internal ZnO prQduced and the morpho-

logical development of the internal precipitation zone in

the alloys coptaining Ag-l.8, 7.5 and 10.9 wt % Zn. Pene

tration depth of the internal ZnO was measured u~ing a

light micr9scope, and was observed to obey the parabolic
.

law. A model based on volume diffusion control ~f oxygen

has been.proposed for the velocity of the internal ZnO

precipitates '.

The Ag-12.9'wt % Zn alloy was observed to form,an

internal ZnO scale in combination with an external ZnO

·scale. An exclusive protective external sc~le of ZnO is

formed on the Ag-l~.7 wt % Zn alloy. The growth of the

scale was found to obey parabolic kinetics. The

morphological development of the external Zno on the above

alloys has also been stUdied.

The theoretical'basis for the transition from in

ternal . to external scale formation has been given accor

ding to the wagner'(26) criteria for binary alloys.
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It was necessary·.to extend the Wagner binary' treat

m~t for the .tr~~ott into a ter~ .the~odynamiC and
. . ,. -, ~

diffusionana1ysis. A portion of the Ag-Zn-O ternary iso
e.

theJ:Ill has been proposed, thus making possible the placement

of representative diffusion paths.

(iv)
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CHAPTER I

INTRODUCTION

Internal oxidation is a process whereby precipitates

of the alloying element oxide are observed to form at~

vancing reaction front within the solvent metal matrix.~he

process is gener~lly a diffusion controlled phenomenon, for

which the diffusion equations can be solved using numerical

or analytical techniques to predict the reaction kinetics.

Internal oxidation is classified into two categories, the

first with and a second without external scale formation.

These different categories have been established for the

oxidation" of dilute solid solution alloys composed of a sol

vent"meta1 such as Ag, Cu, Ni and Fe, with a small content

of a less noble alloying element, such as In, Be, Cr, Mn, Si,

A1 or Zr(l) •

Internal oxidation is usually undesirable because

its occurrence results in a.dep1etion of the alloying element

within the internal oxidation zone. This may result in ac-

ce1erated (non-protective) oxidation which can lead to a

change in the alloy microstructural and mechanical properties.

The most extensively examined mechanicai property is hard

ness(2,3,4,~). creep(6,7,8) processes have also been examined.

Fine1y~dispersedoxides such as Th02 , A1203 , Ce02 ,

1
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,
.Y203· and oxiqes of other rare earth metals greatly, enhance the

oxidation properties of a11oy.s based on Ni-Cr,Co-er, or

Fe-er at temPe'ratures above BOooc(9). These dispersed oxides

lower the c~amium~tent nec'es!!ary' fO~ exc1~sive·exte~a1
protective cr203 scale formation and provide improved adhe-

.I • - (9)
, sion of a cr203 scale to th~ substrate •

Silver-cadmium alloys are also worth mentioning due

to their importance as medium duty electrical contact ma-

terial. in these alloys the internal CdO pr~cipitates reduce

the strength of the welds which form between contacts and

consequently the rate of arc erosion of the contact materi~1(10).

Internal oxidation does.occur in'steels(11,12,13,14,15)

and has the potential to at-feet bOth the properties of steels

while being processed and during service. Processing prob-

1ems fall into two classifications: (i) subsurface inclusions

which introduce rolling (or forging) defects, and (ii) alloy

losses which affect subsequent heat treatment. Significant

internal oxidization during carburization may affect the life
.

of a carburized component by redistribution of residual stress,

production of non-martensitic transformation products and

surface cracking due to severe grain boundary oxidation.

The objective of this research project is to study

the transition from internal to external oxidation in Ag-Zn

alloys. The ,following Ag-Zn alloys Ag - 1.B, 7.5, 10.9,

12.9 and 1B.7 wt % Zn were oxidized at 550°C and under an

oxygen pressure of 1 atmosphere. The morphological deve1op-
























































































































































































































































































































































































