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Wetting of fused silica by molten aluminium at temperature of 800 to 1000~ and 
3 x 10 -s Torr was dependent on the formation of a reaction zone by redox reactions. 
The reaction zone consisted of three layers. It was postulated that reactions proceeded 
by interdiffusion of Si 2+, AI +, AI z+ and AI3+: the layer adjacent to the metal drop was 
primarily AIO stabilized by a solid solution of SiO; and adjacent to fused silica, a spinel 
of AIO and AI203 stabilized by SiO. On cooling these dissociated into AI, Si and 0- 
AI203 and/or c~-AI203 . 

1. Introduction 
Reactions and wetting behaviour in ceramic- 
metal systems are of technological interest as 
well as scientific interest in the fields of cermets, 
composites and electronics. The degree of wetting 
of a solid by a liquid in a solid-liquid-vapour 
system has been expressed by Young's equation 
under chemically stable and metastable equili- 
brium conditions. Aksay et al. [1] treated the 
thermodynamics of wetting in a solid-l iquid- 
vapour system by considering the conditions that 
minimize the total free energy of the system. They 
also extended their analysis to non-equilibrium 
conditions. They showed that an interfacial reac- 
tion resulted in the lowering of the solid-liquid 
interfacial tension by a contribution of the free 
energy of the reaction which could result in 
the spreading of a liquid drop on a solid substrate. 

Reactions between A1 and fused SiOz are 
thermodynamically favorable. Standage and Gani 
[2] studied the effect of up to 2.5 wt% additions 
of Bi and Sb on this reaction at 660 to 800~ 
by dipping fused SiO2 rods into molten A1 and 
the alloys in air. They detected Si and 7?-, 0-, 
and a-A1203 as reaction products. They pro- 
posed that a complex interfacial layer formed by 
absorbed water and alloying elements with SiO2 
affected the dwell or incubation time of the 
reaction and the subsequent reaction kinetics. 
They suggested that at low Bi and Sb concentra- 
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tions diffusion was not rate controlling and that 
at higher concentrations diffusion might be rate 
controlling. Prabriputaloong and Piggott [3] 
studied the same reaction in a similar manner 
but in vacuum. They observed that the dwell 
time was drastically reduced under vacuum as 
compared to air. They suggested that the presence 
of an A1203 film on the surface of molten A1 
in air caused the increased dwell time of the 
reaction and denied the existence of complex 
interfacial layers proposed by Standage and 
Gani. 

Prabriputaloong and Piggott [4, 5] also studied 
the reaction between an A1 thin film and a fused 
SiO~ plate in vacuum. Solid state reactions took 
place as low as 400~ The reaction products 
observed were 0- and ~-A1203 and Si below 
the melting point of A1. Above the melting point 
of A1, only Si was detected and they indicated 
the formation of a volatile oxide of AI. 

Yanagida and Kroger [6] studied the stability 
of aluminium sub-oxides in the solid state. They 
heated A1-A12 03 mixtures in an inert atmosphere 
and examined the microstructure of the quenched 
specimens. They indicated that there was no 
significant change of the melting point of A12 03 
by the addition of A1, at least up to 50 wt %. They 
also concluded that stable solid A10 was not 
formed. 

Low energy electron diffraction (LEED) 
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studies of the (00 1) surface of a-Al203 have 
indicated a structural transformation upon heating 
in vacuum [7,9] .  Charig and Skinner [7] were 
the first to suggest that this transformation is due 
to the formation of an oxygen-deficient surface 
phase with respect to the bulk structure of  Al2 03. 
Based on this observation, Brennan and Pask [10] 
postulated that at temperatures above 900 to 
1000~ and at low pressures an oxygen deficient 
surface of some unknown thickness exists contain- 
ing some A10 in a spinel-type structure. They also 
postulated that on cooling in vacuum this struc- 
ture persists; however, on exposure to oxygen or 
moisture the distribution of cations remains 
essentially the same but the valence of A12§ 
increases to A13+ resulting in a 3,-A12 O3 type of 
structure. 

Yamaguchi [11] studied the oxidation of A1 
surfaces and presented electron diffraction pat- 
terns which provided evidence for the existence 
of aluminium sub-oxides between Al and Al2 O3 
on the Al surface oxidized at 300~ 

Stability of solid SiO at high temperatures has 
been discussed by a number of investigators. 
Solid SiO has been prepared in a metastable 
amorphous or poorly crystallized form by conden- 
sation of SiO gas upon a cold surface, but it begins 
to disproportionate to Si and SiO2 at an appreci- 
able rate around 400 to 700~ Gel'd and 
Kochnev [13] claimed to have prepared amorph- 
ous SiO by heating an intimate mixture of SiO2 
and Si to 1250 to 1350 ~ C. On the other hand, 
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Schafer and H6rnle, [14] Grube and Speidel, [15] 
and Von Wartenbert [16] reported that amorph- 
ous SiO is unstable at about 1000 to 1150 ~ C. 

Brewer and Edwards [12] found no evidence 
of formation of solid SiO by high temperature 
X-ray diffraction analysis of mixtures of Si and 
SiO2 below 900 ~ C, and indicated that solid SiO 
is thermodynamically unstable and disproportion- 
ates to Si and SiO2 below 900 ~ Hoch and 
Johnston [17] presented evidence for an X-ray 
pattern of SiO at 1250 to 1350 ~ C, but Geller and 
Thurmond [18] pointed out that the organic 
cement used in the samples would form SiC and 
that the observed X-ray pattern was similar to that 
expected for a mixture of SiC and ~-cristobalite. 
Potter [19] reported that a mixture of Si and 
SiO2 was not liquified at 1700 ~ C, and Brewer and 
Edwards [12] confirmed a higher melting point 
for the Si-SiO2 mixture than for either of its 

components. Brewer and Greene [20] made a dif- 
ferential thermal analysis of a Si-SiO2 mixture up 
to the melting point of Si and did not detect any 
evidence of the formation of stable solid SiO. 
They postulated that the higher melting point of a 
Si-SiO2 mixture formerly reported [12] may 
have been due to the partial reduction of S iQ  to 
SiO2-x. Brewer and Edwards [12] estimated that 

1/2 Si(s) + 1/2 SiO2 (cristobalate) = 

SiO (amorphous) (1) 

G ~ = 0.0 -+ 3.3 kcal 

G ~ 1rook = --0.9 + 6.6 kcal. 

The uncertainty is too large to allow any decisive 
conclusions from the thermodynamic data alone. 
However, it was noted that there is a definite trend 
toward increase in stability as temperature is in- 
creased. Experimental evidence has been consist- 
ent about the existence of metastable amorphous 
SiO at room temperature which disproportionates 
on heating, but there is no firm evidence to sup- 
port the formation of solid SiO by heating the S i -  
SiO2 mixture to high temperatures. 

It is significant that no reports have been made 
of studies of sub-oxides of A1 or Si in the presence 
of the other. Although AIO is unstable as a bulk 
phase, it is possible that it is stablized by forming a 
solid solution with SiO since its free energy would 
be reduced by the formation of a solid solution. 
Tressler e t  al. [21] studied the reactions between 
Ti and A1203. They postulated the possibility of a 
substantial amount of A1 ions in solution in the 
NaCl-type TiO phase on the basis of a larger unit 
cell than that for TiO. Thus, considering the pres- 
ence of oxygen-deficient alumina surfaces under 
low partial pressures of oxygen, it is possible that 
spinel structures containing Al203 and A10, 
particularly with SiO in solid solution, could form 
under certain conditions and compositions. 

The objectives of this research were to study 
and understand the reaction mechanisms between 
fused SiO2 and molten A1 present in a limited 
amount and the effect of  the interracial reactions 
on wetting behaviour. 

2. Experimental procedure 
2.1. Materials and specimen preparation 
The sessile drop technique was used to study 
wetting behaviour and to provide specimens for 
reaction studies. The Al* was obtained in the form 

* United Mineral & Chemical Corp, New York, N.Y. (99.999%). 
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2.2. Experimental conditions 
The sessile-drop furnace has been described pre- 
viously [10]. The Ta-foil resistance tube was con- 
nected to water-cooled copper electrodes by 
copper holders. The fused SiO2 plaques rested on 
the flat surface of an alumina "dee" tube which 
was fitted inside the Ta-foil tube. The total press- 
ure of the furnace was always kept less than 
3 x 10 -s Torr during experiments. The tempera- 
ture was measured with a P t -P t  10% Rh thermo- 
couple placed inside the "dee" tube. Contact angle 
measurements were made over the temperature 
range of 660 to 1200~ through fused SiO2 
windows in the vacuum chamber with a telescope 
to an accuracy of + 1 o C. 

2.3. Analysis  o f  the  e x p e r i m e n t s  
After cooling, the specimens were cut and polished 
to examine the interfacial region with an optical 
microscope and a scanning electron microscope. 
Compostions in the cross-sections perpendicular to 
the interfaces were determined by an electron 
microprobe. Line scanning of approximately 
75 gm length parallel to an interface was used to 
obtain an average composition at a given distance 
from the interface. Spot scanning was also used to 
analyse regions near boundaries. The reaction 
phase products were analysed by X-ray diffraction. 

3. Experimental results 
3.1. Sessile drops of molten AI on fused 

SiO2 
Preliminary experiments at 800~ indicated that 
the contact angle using spherical pieces of AI 
changed smoothly, while the contact angle using 
cubic pieces of A1 changed irregularly. The latter 
were inconsistent because of interfacial reactions 
prior to the formation of spherical drops on 
melting of A1. Spherical pieces of A1 were thus used 
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of 1/4in. diameter rods. Pieces weighing approxi- 
mately 0.1 g were cut from these rods and ground 
into spheres. Pieces used for X-ray diffraction 
study weighed approximately 1.0g. The fused, 
SiO2t used for substrates in the sessile drop ex- 
periments was obtained as transparent optically 
polished plates 1/8 or 1/4 in. thick, which were cut 
into 3/4in. squares. Both the A1 and SiO2 speci- 
mens were cleaned ultrasonically in isopropyl 
alcohol. 
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Figure 1 Change in advancing contact angle with tempera- 
ture. 

to measure advancing contact angles since on 
melting the periphery of the drop comes in con- 
tact with initially unreacted SiO2. 

The temperature dependence of the contact 
angle is shown in Fig. 1. The temperature was 
raised continuously at the rate of 10~ -1 
from 660 ~ C, the melting point of aluminium, to 
1200~ The dynamic contact angle decreased 
with temperature with an arrest at 90 ~ in the tem- 
perature range of about 900 to 950 ~ C. 

Contact angle changes with time at 800 and 
900~ are shown in Fig. 2. At 800~ the angle 
changed continuously until it reached 67 ~ after 
approximately 50 min. The periphery of the A1 
drop kept in contact with SiO2 fresh surface up to 
an angle of 90~ below 90 ~ the periphery was in 
contact with the reaction zone. During cooling, 
cracks appeared in S iQ  near the SiO2-reaction 
zone boundary because of the large difference in 
coefficients of thermal expansion. Cross-sections 
of specimens perpendicular to the AI-SiO2 inter- 
face after 17 min are shown in Fig. 3a and after 40 
min, in Fig. 3b. The microstructure of the metal 
drop in the former shows A1 and an eutectic mix- 
ture; and in the latter, Si and an eutectic mixture. 

"~ T h e r m a l  A m e r i c a n  Fused  Q u a r t z  Co,  MontviUe,  N.J.  ( >  99 .97% pur i ty ) .  
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Figure 2 Change in advancing contact angle 
with time at 800 and 900 ~ C. 

The eutectic temperature is 577~ and compo- 
sition, 12 .6wt%Si .  The 40 min specimen also 
shows a higher concentration of  Si near the inter- 
face and near the surface o f  the drop. 

At 900 ~ C, the growth rate of  the reaction layer 
was always faster than the flow rate of  molten A1 
so that the periphery of  the drop was always in 
contact  with the reaction zone. The reduction of  
the contact angle to about 80 ~ occurred in about 
10 min. The continued reduction of  the contact  
angle was slow, taking about 3 h to reach 70 ~ 

3.2. Reactions between molten AI and 
fused SiO2 

Reaction studies were based on examination of  
sessile drop configurations of  A1 on fused SiO2 
heated at 800 ,900  and 1000 ~ C for 60 rain; and of  
A1 with 28.3 wt % Si (which corresponds to satu- 
ration with Si at 800 ~ C) on fused SiO2 heated at 
800 ~ C for 24 h. 

Reactions always occurred at the liquid-solid 
interfaces with a replacement of  AI in the drop 
with Si as described above, and of  Si in the sub- 

Figure 3 Optical micrographs of A1 drop after reaction with SiO 2 at 800 ~ C: (left) for 17 min, A1 grains interspersed 
with A1-Si eutectic; (right) for 40 rain, Si grains interspersed with A1-Si eutectic. 
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Figure 4 Optical micrograph of cross-section of an Al--fused SiO 2 specimen after reacting at 1000 ~ C for 1 h. 

strata with A1. The liquid solid interfaces did not 
move, but  the interfaces between the reaction 
zone and unreacted S i Q  moved. The reaction 
zone consisted of  three layers which were classi- 
fied as: I (adjoining the drop),  II, and III (adjoining 
the unreacted SiO2). The notat ion a in subsequent 
references indicates 900 ~ C; b, 800 ~ C; c, A1-Si  
alloy at 800 ~ C; and d, 1000 ~ C. The optical micro- 
graph of  the cross-section of  the specimen perpen- 
dicular to the interface after reacting at 1000~ 
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* Corrections were made for deadtime losses, background absorption, characteristic fluorescence, back scatter losses, 
and ionization penetration losses. 

for 1 h is shown in Fig. 4. 

The composit ion of  the reaction layers was 
analysed with an electron microprobe.  The percent 
atomic compositions, after being corrected by 
computer*,  are shown for 800 ~ C in Fig. 5 and for 
1000 ~ C in Fig. 6a after 1 h reaction times. Fig. 4 
shows the paths along which composit ion analyses 
were made for the 1000~ C specimen. No concen- 
trat ion gradients were detected in the matrix of  
layer I which always had a fine homogeneous struc- 
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Figztre 6 (a) Electron microprobe analysis in 
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ionic species profiles based on a constant 
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ture. Concent ra t ion  gradients were present in layer 

III-d at 1000 ~ C which also had a fine homogeneous  

structure,  and probably  in IlI-b at 800 ~ C. Analysis 

o f  layer II indicated irregularities suggesting the 

presence o f  several phases at temperature .  Compo-  

sitons o f  coarser-grained areas in layer I adjacent  

to the drop  interface were similar to  those o f  layer 

II. A tomic  percentage composi t ions  o f  a number  

o f  react ion layers are given in Table I. In all cases, 

A1 and Si were measured direct ly  and the oxygen  

was de termined  by  the difference.T. 

The thicknesses o f  the react ion layers within 

the reaction zone are dependent  on tempera ture  

and compos i t ion  o f  the l iquid drop. With A1, the 

dominan t  layer at 800 ~ C is I-b. For  1 h react ion 

times, it decreases in thickness at 900 ~ C and again 

at 1000 ~ C. Layers II-b and III-b, on the other  

hand,  are too  thin for accurate analysis at 800 ~ C, 

but  increase in thickness wi th  temperature .  The 

overall thickness o f  the react ion zone,  however ,  
was essentially the same after  1 h react ion at 800, 

900 and 1000 ~ C. Fig. 7 is an optical  micrograph 

TAB LE I Average Compositions of several reaction layers after 1 h at temperature 

Layer Temp (~ C) . at. % Ionic % 

A1 Si O A1 § A12§ A13§ Si ~§ O ~- 

I4  800 47 4 49 4 43 - 4 49 
I-a 900 46 4 50 - 46 - 4 50 
I4  1000 45 4 51 - 41 4 4 51 
I I4  1000 34 13 53 - 22 12 13 53 
III~(A1) 1000 41 4 55 - 21 20 4 55 
III-d(SiO9 1000 37 8 55 - 17 20 8 55 

~f The profiles shown in Fig. 4 were also measured directly for A1, Si and oxygen by JEOL USA, lnc, Medford, 
Massachusetts; the normalized profiles within experimental error were similar to those in Fig. 6a. 
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Figure 7Enlargement of the areas 
along' the two microprobe paths 
shown in Fig. 4 indicating layers I-d 
(top), II-d, III-d, and SiO 2 (bottom). 

of a cross-section of a specimen held at 1000~ 
showing layers I-d, II-d, III-d and SiO2 at the 
bottom. Fig. 8 shows X-ray fluorescence micro- 
graphs for A1Ka and SiKa of a specimen heated at 
900 ~ C indicating layers I-a, II-a and III-a (bottom); 
it can be seen that the Si content in II-a is higher 
than in 1-a and II-a and that its distribution is more 
irregular. With A1-28.3wt% SiO2 at 800~ the 
layers were II-c and III-c, and layer I-c did not 
form; an approximately equivalent thickness of 
overall reaction zone was obtained after 20 h. Fig. 
9 shows X-ray fluorescence micrographs of a cross- 
section of a specimen showing layers II-c, lII-c and 
S iQ (bottom). 

Reaction products present at room temperature 
in layers thick enough to be analysed were deter- 
mined by X-ray diffraction. Layers I-b and I-a 
after 1 h reaction were composed of O-Al:03, 
a-A1203, A1 and Si. Layers II-a and II-d showed 
a-A1203, A1 and Si. Layer III-d showed 0-A1~O3, 
A1 and Si. 

4. Discussion 
4.1. Wett ing behaviou r 
The contact angle of a steady state sessile drop in a 
solid-liquid-vapour system in the absence of a 
chemical reaction is determined by the relative 
magnitudes of the three interfacial tensions. Yin 
[22] showed that the rate of increase of the solid- 
liquid interfacial area as the system approaches 
this static or steady state equilibrium condition is 
linear and only a function of viscosity, surface 
tension, and initial contact angle. If there is a 
reaction at the solid-liquid interface, however, the 
reduction of %1 due to the contribution of the 
free energy of the reaction (_)Ag~l must be con- 
sidered [ 1]. 

Since the A1 becomes enriched in Si during the 
reaction, the change of its 3'1v and viscosity 77 has 
to be taken into account. The surface tension of 
A1 at 800 ~ C is 860 dyn cm -1 and at 900~ 850 
dyn cm -1 [23]. The extrapolated value of the sur- 
face tension of A1 to 1450~ is 810 dyn cm -1. 
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Figure 8 X-ray fluorescence micrographs of the cross- 
section of a specimen after reacting at 900~ for 1 h 
showing layers l-a (top), II-a, and III-a: (top) A1Kc~, 
(bottom) SiKc~. 

The surface tension ofSi (m.p. 1410 ~ C) at 1450 ~ C 
is 730 dyn cm -1 [24].  The component which has 
a lower surface tension is present at a higher con- 
centration in the surface compared to the bulk 
ideal mixture in a binary liquid. As shown in Fig. 
3b, the Si concentration at the surface of  the drop 
is higher, indicating that the dissolution of  Si 
lowers the surface tension of  the aluminium liquid. 
The viscosity r/ for pure AI is 1 cP and that for 
A1-28wt% Si is 0.8 cP at 800~ [25].  Conse- 
quently, the viscosity of  A1 itself and its change 
with Si solution is so small that its effect on 
wetting can be considered to be negligible. There- 
fore, the first decrease of  contact angle is con- 
sidered to be mainly due to the contribution of  
the free energy of  the reaction ( - - )Ag sl and sub- 
sequently also to the decrease of  the surface ten- 
sion of  the liquid. 
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Figure 9 X-ray fluorescence micrographs of the cross- 
section of an Si-saturated A1 (A1-28.3 wt.% Si)-SiO 2 
specimen after reacing at 800 ~ C for 24 h showing layers 
II-c (top), Ill-c, and SiO 2 : (top) A1Kc~, (bottom) SiKe. 

If  there were no reaction, the contact angle 
would be obtuse since %v of  fused SiO2 is ~ 300 
dyn cm -1 which is smaller than 71v. The contact 
angle, however, decreased because of  the contri- 
bution of  the free energy of  the reaction to the 
reduction of  the interfacial energy %1- At 800~ 
the periphery of  the drop kept in contact with the 
unreacted SiO2 surface down to "~ 90 ~ Below this 
angle, because of  a reduction in the driving force 
for the reaction due to the increase of  the Si con- 
centration in the liquid and because of  the energy 
necessary for extension of  the liquid surface, the 
growth rate of  the reaction zone exceeded the 
flow rate o f  the liquid. Below a contact angle of  

90 ~ , the periphery o f  the drop thus remained in 
contact with layer I. At 900 ~ C, the growth rate of  
the reaction zone was always faster than the flow 
rate of  molten A1, and the reaction proceeded 



through the reaction zone. The contact angle 
dropped rapidly below 90 ~ , and the periphery of 
the drop remained in contact with layer II. 

The difference in the wetting behaviour at 
800 ~ C and at 900 ~ C (Fig. 2) is due primarily to 
the faster rate of the reaction at the higher tem- 
perature and to the difference of the nature of the 
reaction. This transition of the wetting behaviour 
is reflected in the change of the slope of the tem- 
perature dependence of the contact angle and the 
arrest at ~900  ~ C (Fig. 1). 

4.2. Na ture  of  reac t ions  
Room-temperature phase analysis by X-ray dif- 
fraction indicates a- and/or 0-A1203, and A1 and 
Si in all three layers. If  A13+, A1 ~ and Si ~ were 
actually the species that existed at the reaction 
temperatures, it would be necessary for the redox 
(oxidation reduction) reaction to occur at the 
SiO2 interface to form a replacing A1203 matrix 
through which A1 ~ and Si ~ interdiffuse. In ad- 
dition, with no loss of oxygen, the A12 O3 content 
throughout the reaction zone would have to 
remain constant. There would not then be any 
logical explanation for the existence of the three 
reaction layers with the indicated concentration 
profiles. Any possible reaction mechanism based 
on penetration of molten A1 into the reaction zone 
thus has to be discarded. 

It is postulated that ionic interdiffusion occurs 
at the reaction temperatures and that the diffusing 
ionic species in the reaction zones are Si 2+, A1 +, 
A12+ and A13* because of the presence of A1 and a 
constant 02. content or no oxygen transport. On 
cooling, A10 and A12 O dissociate to AI and AI2 Oa ; 
in the presence of SiO, the dissociation reaction 
products are A1, Si, and A12Oa. Since this dis- 
sociation involves short range diffusion as indi- 
cated by the microscopic homogeneity of layers I 
and III, the atomic concentration profiles are not 
affected. 

On the basis of this postulate, it is possible to 
use the norm method of analysis to calculate per- 
centage profiles for the various ionic species 
expected at the test temperatures using atomic 
percentage profiles, such as shown in Figs. 5 and 6a. 
Because of the high oxidation potential of A1 it is 
expected that Si 4+ in the fused SiO2 is reduced to 
Si 2§ which is present throughout the reaction zone. 
Each Si 2+ requires one 02- for charge balance. The 
amount of the remaining oxygen ions determines 
the amount and distribution of A1 + and A12+, or 

A12+ and A1 a+. On this basis an atomic percent of 
oxygen of 50% indicates the presence of A12* with 
the Si2+; less than 50%, of A1 + and A12+; and more 
than 50%, of A12+ and A13+. Table 1 shows average 
atomic percent and calculated average ionic per- 
cent compositions for several reaction layers. Since 
the N-layer I interface has not moved, it can be 
assumed that the oxygen content remains constant 
throughout the reaction zone. Ionic concentration 
profiles can then be calculated on this basis; the 
ionic percentage data for 1000 ~ C in Table I is thus 
recalculated to give the numbers of cations per 66 
oxygens which correspond to the atomic or ionic 
number in SiO2, and are plotted as Fig. 6b. Reac- 
tion mechanisms can now be postulated. 

4.2. 1. Layer I I I  
At the SiO2 interface a redox reaction occurs with 
the movement of the interface into the SiO2 ac- 
cording to 

SiO2 + 2A10 -+ A12 03 + SiO (2) 

in which Si 4+ is reduced to Si 2+, and A12+ is oxi- 
dized to A13+ to form layer III. The reaction, as 
indicated in the profile of Fig. 6b, is thus depen- 
dent on chemical interdiffusion of A12+ and Si 2+ in 
the product layer. It is expected that this interdif- 
fusion is the slow step and controls the growth of 
the layer which becomes appreciable at ~900~  
and increases with temperature. The lack of a 
gradient in the AP + profile and lack of solution of 
A12 03 in SiO2 indicates extremely slow interdif- 
fusion of A13+ and Si 4+ at all of these test tempera- 
tures and essentially equilibrium compositions at 
this interface. 

The nature of the structure of  this layer at tem- 
perature can be deduced for a specimen heated at 
1000 ~ C for 1 h, by calculating the molar compo- 
sitions from data in Fig. 6b and Table II. As an 
example, a composition of 39 at. % A1, 4 at. % Si 
and 57at .%O becomes (0.29SIO-0.78A10) 
1.00A1203 which represents essentially stoichio- 
metric spinel. Calculated compositions are very 
sensitive to the accuracy of the electron micro- 
probe measurements: at 1 at. % decrease in A1 with 
a corresponding increase in O results in a large 
excess of A12Oa over the stoichiometric, and a 
1 at. % increase in AI results in a large decrease of 
A12Oa. Even though A10 and probably SiO by 
themselves are unstable, it is postulated that stab- 
ility exists under the conditions of the experiment 
in a spinel structure with A12 03. On cooling, the 
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previously indicated decomposition occurs to form 
A1, Si and 0-A1203 which has a monoclinic cell 
and a structure that can be described as a de- 
formed spinel type. 

4.2.2. Layer I 
The reaction at the droplet interface and the 
growth of layer I are more complicated. It is signifi- 
cant that these layers did not show any concen- 
tration gradients, that the layer thickness de- 
creased with increase of  tempertature, and that the 
layer did not form when the starting A1 was satu- 
rated with Si in experiments at 800 ~ C. Comparing 
the compositions of layer I at 800, 900, and 
1000 ~ C (Tables I and II), it can be seen that with 
the indicated scatter of microprobe values, as rep- 
resented in Fig. 5, the atomic compositions are 
essentially A10 and some SiO although there is a 
trend toward a small increase of oxygen with tem- 
perature. The molar composition is very sensitive 
to these small variations in the atomic composition: 
for the average values given in the tables, 49 at. % 
of O at 800 ~ C results in 4.1 mol % of A12 O and 
51 at.% of O at 1000~ C results in 4.3mo1% of 
At2Oa - t h e  balance of the mass in both cases 
being SiO and A10. It is likely, however, that the 
small amount of calculated A12 O3 does not exist 
in this layer and is due to the indicated experi- 
mental scatter. In any case, a given molar compo- 
sition is expected to be present as a solid solution 
which provides its stability at temperature. 

When the starting A1 drop is not saturated with 
Si, the redox reaction at the interface (Equation 3) 
causes the reduced Si to go into solution in the 
molten A1 (the degree of Si solution determines 
the amount of precipitates of A1 or Si that form 
on cooling, Fig. 3). When the A1 drop is saturated 
with Si, the redox reaction (Equation 4) results in 
precipitation of Si in the drop at test temperature. 

X 
A1 + S iO~(1  --x)A10 + }- A120+ Si(soln) (3) 

A1 + SiO -~ A10 + Si (ppt). (4) 

This analysis suggests that when A1 is not saturated 
with Si, oxidation of A1 results in the formation of 
some A1 + in addition to AI 2+. When A1 is saturated 
with Si, it appears that A1 § does not form and 
possibly some A13+ may form. 

The A1 + (formed at the N - l a y e r  I interface) 
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reacts with A13+ at the layer I I - layer  I interface 
to form A12+ (Equation 5) which is the major 
constituent of layer I, resulting in its growth. The 
A13+ forms at the SiO2-1ayer III interface and is 
thus part of layers III and II. 

A12 03 + A12 O -~ 4A10 (5) 

In the absence of A1 +, this reaction does not occur 
and no growth of layer I occurs. Thus, layer I 
grows until the A1 becomes saturated with Si; at 
that point layers III and II grow at the expense of 
layer I which now has no A1 +. Another factor con- 
tributing to this general pattern of layer formation 
is an expected larger increase of /~  with tempera- 
ture in layer III than in layer I. The summation of 
these effects plus the limited amount of available 
A1 in the drop must result in the observed essen- 
tially constant reaction zone with temperature. 

In any case, the driving force for interdiffusion 
of cations in a layer of constant composition is the 
electrochemical potential gradient initiated by the 
presence of unoxidized A1 in the drop. The nature 
of the structure at temperature can be deduced by 
calculating the molar composition from data in 
Table II which is essentially A10 with some SiO 
and some A12 O in solid solution. It is postulated 
that solid A10 is stabilized by this solution. On 
cooling to room temperature it decomposes to 
form a- and 0-A1203, A1 and Si. 

4.2.3. Layer II 
Layer II, on the basis of its microstructure, is con- 
sidered to have been a multi-phase region at test 
temperature consisting of A10, SiO, and A1203 
solid solutions with precipitates of a-A12 03 whose 
formation is considered to be due to an excess of 
A1 a+ from layer III and a limited amount of A1 + 
from layer I. In a three-component diffusion 
couple, an intermediate two-phase region can be 
expected. The precipitates in the matrix do not 
disturb the diffusion paths. At room temperature, 
the phases are A1, Si and a-A1203. On dissociation 
during cooling the a-A12 03 precipitates can pro- 
vide nucleation sites for continued a-A1203 
growth which can be enhanced by the release of 
oxygen by the dissociation of a larger amount of 
SiO in layer II in comparison with I and Ilk 

5. Conclusions 
The thickness of each reaction layer is determined 
by its relative growth rate under the existing 



condi t ions.  At  800 ~ C, layer I grows when A1 is 

no t  saturated with  Si but  does no t  form when A1 is 

saturated wi th  Si due to  the fo rmat ion  o f  some 

A1 + in the former  case in addi t ion to A12+. Layers 

II and I I |  fo rm slowly and are t oo  thin for analysis 

af ter  1 h. At  900 and 1000 ~ C, growth  o f  layers II 

and III is accelerated because o f  increased 

through layer II and because the growth  o f  layer  I 

stops when  A1 becomes  saturated with  Si by 

react ion at which po in t  layer II grows at its 

expense.  
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