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Abstract

The solid-state reactions between SiOp and Aly0y were studied
at 1200°C up to 1550°C. Hol press technique was used to obtain
very good contact between the reactants. The nfluence of pressure,
time of reaction axd the shape (powder ar compact) ad the form of solics
(amorphus of crystalline) were studied and correlated. The reaction
was either continued in the hot press conditions or annealed at
different time. The thickness of the reaction product as well as its
chemical composition was measured with scanning electron microprobe
analyser. Surface area, pore size distribution and optical microscope
were also used,

Introduction

The malid state teaction in the 5iDz -Aly Oy  binary system was studied by
Bowen end Creigl1), They obsetved the presence of mullite. Although numerous investigalors
tave ctellenged this clamical diagram, its velidity has mover been in  doubt(z).
Mullite i+ 8 solid solution between S0; ana Al;0y which can be separated from the
molton state. The matginal composition of mullite (s 3 AR Oy, 2 510; (Ay57) with
72% by weight of AlLLDy while mullite 2 Alz03. 5107 (AZ5) contoins 78% Al Oy. Most
ef studies In ths system were caitied out by elther static method of quenching of
by differentisl thermal amlysis and recently by Wiat-cooling and flame-wraying
which led to obtain amarphous material(3), while the alkoxide method of r.d pattering
wos applied to abtain wvarious amarphous products between 5, and Al Oy (4l
Weisweiler and Sercy($) studied the zeaclion between 5105 crystal and AlLOy powder
by anncaling the pre-hot pressad samples at 1000-155°C for different timesw. They
observed the preserce of glass prases with mullite.

In the present investigation the kiretics and mechanivns of the solid-state
feaction belween S0, and Al,03 st 1200-1550°C.81e  discussed. The reoction
ot the interfoce between the resclamy was examined by WghMl miciocope while the
enalysis of the preducts was determined by wanning electicn mictoprobe analyser

(SEMPA),
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Due to the inctease in volume, In cave of quatlz crystal, unde: consland pressuie
rosulted large namber of cracks in which AI203 can easily diffuse and reacted with
5107 giving more reaction Interlaces, Comequently the rate of reaction (@R/d1) increa-
sod than that in quartz glass compact. In bolh coses the resction incremsed with
time and tempetstuie. The elemental analysis of the line wan oblained from the
heat treated samples at 1200-1550°C, in the system quaitz glass compact AlD3y
paowder showed the preserce af mullite A352 and A5 and glass phase. Mullite A5 s
most probably formed inside 5%0; compact by solid stete diffusion of A0y In Si0Z &
was ingceled by SEMPA, The formation of A3S; and glass was stiribuled to the
solid state dffusion of S0y in A0y The thickness of theswe phases was plotted
sgainst the reaction time (L) at various temperatures as shown in Fig. J. The straight
lines obtained follaw the relatiorship;

where

(X) is the thickness of reaction zone wnd (C) s corstant. The ratio between AzS:
A5yt glass Is 10X 6: 4 below 1450'C while above it the ratio is 1 1: 1, This
shows clearly the influence of temperaluze onthe tale of formation of different phases
Fige & shows the pholomicrograph of the teacted swmple at 1400°C for 2 Pours N
shaws cleatly the reaction rone between Si0, compact and AL Oy powder. The rels-
tarship between the reaction rate constant, K, and the reciprocal of abalute tempe-
oture, 1/T, Is given in Fig. 5. The computed vialues aof activation energy obtained,
flom Anrheniyy plotys, weio &1%, 340 and 210 )/ mole for AzS, Aylz and glase. Theswo
feflects the casier formation of glass than mullite. This glass phese is not stabdle,
depencing on the rate of cooling of the reacted samples. This may be decorgosed
to mullite 03 an intermadiate phasel(s),

Reaction nﬂwoem(-l\lzo, Compgact and s‘»l()2 Powdcer

Compact ol -Al;0y (carundum or pressedeC-Al0g! was embeded in $i0; pow-
dor, then hol presed under 275 bar 6t 1200-1550°C for 10-360 minutes, The samples
were examined st the rcaction interface with SEMPA end light microwope, The
measuted thickness of the reaction product st different temperatures was plotted
agairat the cofresponding time of reaciton as stown in Fig. 6. b this reaction system,
the rate of reaction is wery low comparcd o the reaction in guitz compact-
Al0 g powder system. On the other hand, the annealing of pre-hot piessed samples showed
that below 1400'C ma sesclon batweeno( -Aly04 compret  and 510, powder  wos
detected even for ong time af teaction (168 hes). AL 14009C, et the teaction interface
only,0re phaws is present which is compoted of 854 5:0; and 15% A1;03 or AS1pe This
phase may be formed by the solid state &iffusion of AlxQ4 in 5i0; as  was indicated
from the lines of scan The Lhickoess of this phase is plotted against correpanding
time af reaction st 1800-1550PC as shown in Fig. 7, The value of apparamt aclivelion
encigy cblained from Artherius plots Fig. B, 1t 530 K J/mole. This indicates thal the
formation of this phase is rot as simple 03 the other glass abtaired In the Si0) compact-
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Fig. 9 Photomicrograph showing two Zones of Reaction

between sio2 Powder and A12°3 Powder.
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Table 3. Phases loimed bDetween SiO2 and ALLO

208 |
Reaction Reaclion At Dittusion
system products KJ)/mole state
i0_- i 415
Compact S|02 mullite Azs AIZO} in 5&02
der A h i
powder 203 mullite R’Sz 340 Sl()2 in Alzo)
1 .
glasses 210 SiO2 in AI20,
Compact Alzo}- glass Asm 240 A'ZOJ in SIO2
powder Si()2
o H .
Powder .al()z- mullite :\25 /\l,‘,O3 in SlCi2
Powder Ale) mullite A’Sz 185 SnO2 in AlZOS
glasses SaOz in '“203
glass i\Sm 5350 MZOS in '5!02
o - 7 - ¢ A
Compact soz glass ASIO 570 I\|20’ in SnO2

Cémpact “'203
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