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Kao l i n i s the most common form of r e a c t i v e 
s i l i c a i n b a u x i t e . To b e t t e r u n d e r s t a n d t h e 
b e h a v i o u r o f k a o l i n i n t h e Bayer p r o c e s s » t h e 
d i s s o l u t i o n k i n e t i c s of k a o l i n i n c a u s t i c l i q u o r s 
were studied. The kao l in samples used were two forms 
o f pure k a o l i n , c l a y samples f rom b a u x i t e m i n i n g 
a r e a s and t h e r e a c t i v e s i l i c a i n b a u x i t e . 
D i s s o l u t i o n i n both s y n t h e t i c and p l a n t c a u s t i c 
l i quo rs was invest igated at temperatures from 65 to 
150°C. P a r t i c l e s i z e had l i t t l e e f f e c t on 
d i s s o l u t i o n r a t e ; the k a o l i n p a r t i c l e s were porous 
and reacted both i n t e r n a l l y and ex te rna l l y . Kaolins 
which con ta ined h a l l o y s i t e d i s s o l v e d f a s t e r . The 
a c t i v a t i o n energy obtained was 93kJmol L f o r the pure 
k a o l i n s and a s i m i l a r va lue f o r the r e a c t i v e s i l i c a 
i n b a u x i t e . The d i s s o l u t i o n r a t e i n c r e a s e d 
p ropo r t i ona l l y to the f ree caust ic concentrat ion» and 
decreased w i t h i n c r e a s i n g a l u m i n a and s i l i c a 
concentrat ions. Sodium carbonate d id not a f f e c t the 
d i sso lu t i on ra te . The p r e c i p i t a t i o n of d e s i l i c a t i o n 
p roduc t f rom the l i q u o r d id not a f f e c t the r a t e o f 
kao l in d i s so l u t i on . The d i sso lu t i on ra te o f kao l in i s 
s u f f i c i e n t l y s low t h a t i t can a f f e c t the l e v e l o f 
d e s i l i c a t i o n achieved in low temperature d igest Bayer 
r e f i n e r i e s . 

INTRODUCTION 

Kaolin» a hydrated aluminium silicate» is the 
predominant reactive silica component in most 
bauxites used in the Bayer process. The kaolin 
dissolves in the caustic liquor together with the 
gibosite; subsequently the silica precipitates as a 
desilication product» DSP (a hydrated sodium 
aluminium silicate). The kaolin dissolution and 
subsequent DSP precipitation is commonly referred to 
as desilication. 

The desilication occurs primarily either within 
predigestion desilication tanks or in the Bayer 
digesters. The typical profile of silica 
concentration in the liquor for the desilication 
process is shown in Figure 1. There is an increase 
in silica concentration as the kaolin dissolves. 
Once a-certain level of silica in solution is 
reached, the DSP nucleates and subsequently the 
silica concentration drops. The final silica 
concentration in the liquor directly affects the 
level of silica in the product alumina. There have 
been numerous papers published on the desilication 
process and, in particular» the modelling of the 
process (e.g. Oku and Yamada, 1971; Pevzner et al» 
1975; Ni et al, 1978; Cresswell» 1984). Virtually 
all such papers and models have concentrated on the 
DSP precipitation reaction, i.e. the removal of 

silica from the liquor, invariably the desilication 
of the liquor is considered to be independent of the 
dissolution reaction» yet many of those papers 
present the desilication process as in Figure 1. The 
final part of the kaolin dissolution curve is shown 
as a mirror image of the drop of silica concentration 
in the liquor. Such data suggest that the kaolin 
dissolution rate has a major effect on determining 
the level of silica in solution. Kaolin dissolution 
is not necessarily rapid; one variant of the Bayer 
process which has been proposed utilises the slow 
dissolution kinetics of kaolin (Grubbs, 1987). In 
that process the bauxite is digested under 
atmospheric digest conditions for a short period 
(105°C for 30 minutes); all the gibbsite is extracted 
but only part of the kaolin is attacked. The residue 
is separated from the liquor and then further bauxite 
is charged to the liquor at the normal digest 
temperature of 143°C; this double digest procedure 
reduces the fixed soda loss. 

Alcoa of Australia Limited processes bauxite 
from the Darling Range» Western Australia, in which 
the majority of the silica in the bauxite is coarse-
grained quartz (about 20wtl of the bauxite). Little 
of that quartz dissolves in the low temperature 
(145°C) digest conditions used. The reactive silica 
level of the bauxite is about 1.3ISi02 and the major 
forms of reactive silica are the kaolin minerals. 
The low level of reactive silica makes tight control 
of refinery digest conditions essential in order to 
achieve the necessary silica level in the final green 
liquor. (For bauxites with a higher level of 
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Figure 1 - D e s i l i c a t i o n i n Bayer l i q u o r showing 
k a o l i n d i s s o l u t i o n and t h e change i n s i l i c a 
concentrat ion of the l i quo r dur ing d iges t ion . 
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r e a c t i v e s i l i c a , more DSP seed i s formed d u r i n g 
d igest ion and consequently the s i l i c a in the l i q u o r 
p rec ip i t a tes more rap id ly . ) 

Because o f the need f o r t i g h t c o n t r o l over the 
d e s i l i c a t i o n p rocess , s t u d i e s were under taken to 
c o n s t r u c t a d e t e r m i n i s t i c model o f d e s i l i c a t i o n . 
Such d e t e r m i n i s t i c m o d e l s n o t o n l y e n a b l e 
op t im isa t ion of the process, but can be ext rapolated 
more s u c c e s s f u l l y than e m p i r i c a l models t o new 
c o n d i t i o n s , e.g. new 1 i quo r c o n d i t i o n s , d i f f e r e n t 
baux i t es and d i f f e r e n t r e a c t i v e s i l i c a l e v e l s i n 
b a u x i t e , e t c . . For such a d e t e r m i n i s t i c model of 
d e s i l i c a t i o n , i t i s n e c e s s a r y t o have k i n e t i c 
in fo rmat ion on both the d i sso lu t i on reac t ion as wel l 
as the DSP p r e c i p i t a t i o n r e a c t i o n . U n f o r t u n a t e l y 
l i t t l e data have been pub l i shed on the k i n e t i c s o f 
k a o l i n d i s s o l u t i o n in c a u s t i c l i q u o r s . Oku and 
Yamada (1971) s t u d i e d the d i s s o l u t i o n of qua r t z i n 
some d e t a i l , o u t n o t k a o l i n . I n t h i s paper 
d i sso lu t i on data f o r several d i f f e r e n t kao l in samples 
in caust ic l i quo r are presented. The e f fec ts of both 
m i n e r a l o g i c a l and chemica l f a c t o r s were s t u d i e d . 
Also, the questions of whether p r e c i p i t a t i o n of DSP 
a f f e c t s k a o l i n d i s s o l u t i o n , and whether k a o l i n 
d i sso lu t i on can a f f e c t the f i n a l s i l i c a concentrat ion 
of the l i q u o r , are assessed. 

EXPERIMENTAL 

Four k a o l i n samples were used i n t h i s s tudy : a 
pure kao l in (D2) from Greenmount (Western A u s t r a l i a ) , 
a f i l l e r c lay ( essen t i a l l y pure kaol in) and two clays 
f rom the Ja r rahda le m i n e s i t e o f Alcoa of A u s t r a l i a 
L i m i t e d . The t w o m i n e s i t e c l a y s w e r e o f 
p e g m a t i t e / g r a n i t e and d o l e r i t e o r i g i n , c o n t a i n i n g 
r e a s o n a b l e l e v e l s o f i m p u r i t i e s ( a p p r o x i m a t e l y 
l O w t i ) ; the major i m p u r i t i e s were q u a r t z ( coa rse -
g r a i n e d ) , g i b b s i t e and i r o n o x i d e s . A t y p i c a l 
bauxi te sample from the Jarrahdale mines i te was also 
used, the r e a c t i v e s i l i c a i n t h a t b a u x i t e would be 
predominantly a mixture of the minesi te clays tes ted. 
Wet sc reen ing was used to o b t a i n v a r i o u s s i ze 
f r a c t i o n s . X- ray d i f f r a c t i o n a n a l y s i s was used t o 
conf i rm that kao l in was the pr imary reac t ive s i l i c a 
m i n e r a l . The B.E.T. su r face area o f s e l e c t e d s i z e 
f r a c t i o n s o f the 02 k a o l i n and f i l l e r c l a y were 
de te rm ined us ing n i t r o g e n a d s o r p t i o n ( s i n g l e p o i n t 
method). 

The sized samples were used fo r comparisons of 
the c l a y types and t o de te rm ine the e f f e c t o f 
p a r t i c l e s ize. For the remainder of the work, f i n e l y 
pulver ised samples of e i t he r D2 kao l in or f i l l e r c lay 
were used. The s tandard d i s s o l u t i o n cond i t ion used 
to determine the e f f ec t s o f mineralogy and p a r t i c l e 
s i z e on the d i s s o l u t i o n k i n e t i c s o f the k a o l i n 
samples was d i sso l u t i on at 95°C in a synthet ic sodium 
hyd rox ide s o l u t i o n c o n t a i n i n g 106gL_1 f ree caust ic . 
A l l f ree caust ic concentrat ions are expressed as gL" 1 

Na2C03. The e f f e c t of temperature on the d i sso lu t i on 
was s t u d i e d over the range 65 t o 150°C. The s t a r t 
l i q u o r c o m p o s i t i o n was a l t e r e d to de te rm ine the 
e f fec ts of f ree caus t i c , a lumina, s i l i c a and sodium 
carbonate concentrat ions on the rate of d i s so l u t i on . 
The f ree caust ic concentrat ion was var ied from 26 to 
106gL , the alumina concentrat ion from 0 to lOgL"1 

AlgO j (by d i s s o l v i n g sodium a l u r a i n a t e ) , the s i l i c a 
c o n c e n t r a t i o n f rom 0 to ^ g L " 1 SiO^ (by d i s s o l v i n g 
sod ium s i l i c a t e ) and t h e s o d i u m c a r b o n a t e 
c o n c e n t r a t i o n f rom 0 to 40gL" 1 Na^COj, Tests were 
also undertaken using spent l i q u o r from the Alcoa of 
A u s t r a l i a L i m i t e d Kwinana r e f i n e r y , t he a lumina 

The d i g e s t s were c a r r i e d ou t i n a 3 - l i t r e 
s t i r r e d reactor f o r temperatures below 100°C, and in 
a 1 - l i t r e autoclave f o r the higher temperatures. The 
kao l in was charged i n to the reactor a t temperature; 
f o r the autoclave d igests the kao l in was contained in 
a sealed sample ho lde r i n s i d e the a u t o c l a v e , the 
h o l d e r be ing opened t o i n i t i a t e the d i s s o l u t i o n . 
K a o l i n was c h a r g e d t o g i v e a f i n a l s i l i c a 
c o n c e n t r a t i o n o f IgL S i ü ^ except as o t h e r w i s e 
s t a t e d f o r s p e c i f i c t e s t s ; a t t h a t s i l i c a l e v e l 
there was no p r e c i p i t a t i o n of DSP during d i sso lu t i on . 
That charge l e v e l ensured l i t t l e change in c a u s t i c 
concentrat ion of the l i quo r dur ing d i sso l u t i on . The 
d i sso lu t i on was monitored by removing l i quo r a l iquo ts 
a t se t t i m e i n t e r v a l s ; the l i q u o r was analysed f o r 
s i l i c a by the molybdenum-blue s p e c t r o p h o t o m e t r i c 
method. An a l t e r n a t i v e method was r e q u i r e d f o r 
d isso lu t ions in r e f i n e r y l i quo rs as the high alumina 
and s i l i c a l e v e l s r e s u l t i n DSP p r e c i p i t a t i o n . The 
kao l in and l i quo r were mixed in 200mL polypropylene 
b o t t l e s , s e a l e d , and p laced i n a r o t a t i n g carouse l 
sample holder which was immersed in a water bath. At 
set t ime i n te rva l s a b o t t l e was removed, cooled, and 
the con ten t s f i l t e r e d . The l i q u o r was analysed f o r 
s i l i c a as above. The so l ids were washed, d r i e d , then 
leached w i t h d i l u t e s u l p h u r i c a c i d to d i s s o l v e any 
DSP p r e c i p i t a t e d . That s i l i c a was then measured 
using the molybdenum-blue spectrophotometr ic method. 
This b o t t l e method gave i den t i ca l d i sso lu t i on curves 
to those obtained by the reactor method. 

RESULTS 

Dissolution Curves 

Typical dissolution curves for three kaolin 
types at 9S°C in 106gL-1 free caustic solution are 
shown in Figure 2. All dissolution curves were 
essentially concave to the time axis. The 
dissolution curves were quite reproducible. Initial 
testwork indicated that the dissolution was not 
affected by a change in the reactor stirrer speed. 
For one dissolution run both the silica and alumina 
concentrations were measured; the two analyses gave 
identical dissolution curves and the ratio of silica 
to alumina was consistent with kaolin dissolving. In 
another test, coarse ( 1 3 0 M ) particles of D2 kaolin 
were digested at 95°C in lOßgt.-1 free caustic to 50X 
reaction. Examination of the undigested kaolin 
indicated some of the particles had disintegrated; 
however, the majority of the kaolin was present as 
smaller, but discrete particles (Figure 3). 

40 
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concentrat ion being var ied from 60 to HOgL -_i 
Figure 2 - Dissolution curves for three of the kaolin 
types digested in caustic liquor at 95°C. 
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Examination of the par t -d iges ted D2 kao l in ind icated 
tha t the h a l l o y s i t e dissolved more r a p i d l y than the 
k a o l i n i t e . The x - r a y d i f f r a c t i o n data f o r these two 
c lays i n d i c a t e d t h a t the f i l l e r c l a y had a h ighe r 
degree o f p r e f e r r e d o r i e n t a t i o n and a more i n t ense 
10ft r e f l e c t i o n . For the par t -d igested residue of D2, 
the x - ray d i f f r a c t i o n data were more s i m i l a r to those 
f o r the f i l l e r c l a y . This suggests t h a t the less 
c r y s t a l l i n e and l e s s - p l a t y c r y s t a l l i t e s of k a o l i n i t e 
d i s s o l v e d more r a p i d l y . No a t t e m p t was made t o 
q u a n t i f y the r e l a t i v e amounts o f k a o l i n i t e and 
h a l l o y s i t e by e i t he r microscopy or x - ray d i f f r a c t i o n . 

Table I. Reaction Rates at 20% Reaction, Dissolution 

of Kaolin in Synthetic Caustic Solutions, %.min -1 

KAOLIN TYPE T5°C PARTICLE SIZE, m 
~ ~ ~ 18 40 170 150 

233 L59 D2 KAOLIN 95 
FILLER CLAY 80 
D0LERITE CLAY 95 
PEGMATITE/ 95 
GRANITE CLAY 

0.25 0.20 
3.33 
6.00 

D2 KAOLIN 
FILLER CLAY 
BAUXITE 

TEMPERATURE,°C 
65 80 95 

OF an 
0.06 0.37 
0.12 0.66 

1.12 
2.13 

120 
Ί0ΐ9"" 

150 
"893 

8.10 85.8 

F igu re 3 - Undigested (upper) and p a r t d i g e s t e d 
( l o w e r ) p a r t i c l e s o f D2 k a o l i n . L i t t l e 
d i s i n t e g r a t i o n of the p a r t i c l e s has occurred. 

The d i sso lu t i on curves were character ised by the 
d i s s o l u t i o n r a t e a t 20% r e a c t i o n , i .e . the s lope o f 
the tangen t to the d i s s o l u t i o n curve a t the p o i n t 
where 201 of the k a o l i n had r e a c t e d . Th is r a t e , 
ra ther than the i n i t i a l r a t e , was chosen because the 
201 r a t e cou ld be de te rmined more a c c u r a t e l y . The 
experimental e r ro r in the rate parameter was 10-20% 
o f the measured v a l u e , the g r e a t e r e r r o r being f o r 
runs above 100°C. The d e r i v e d r a t e s f o r a l l o f the 
d i s s o l u t i o n curves are g iven i n Tables 1 and 2. 
These r a t e s were used t o eva lua te and q u a n t i f y the 
e f fec ts of the various parameters on the d i sso lu t i on 
r a t e . 

D2 KAOLIN 

D2 KAOLIN 
D2 KAOLIN 
D2 KAOLIN 

D2 KAOLIN 

D2 KAOLIN 

CAUSTIC CONCENTRATION, gL"" 
26 53 80 106 
0.38 1.05 1.21 1.88 

Na2C03 

SILICA CONCENTRATION, gL"x SiO? 
0 3.7 6.3 9.2 12.7 25.4 

80 0.46 0.16 0.07 0.05" 0.04 0.02 
120 10.9 7.47 4.58 1.74 
150 89.9 79.6 37.8 27.7 

ALUMINA CONCENTRATION, gL""1 Al?0n 
0 3.3 6.5 9.8 

1.16 1.05 0.88 95 1 

CARBONATE CONCENTRATION,gL"1 Na?C0o 
0 40 

80 0.46 0.52 

Effect of Kaolin Type 

Disso lu t ion curves fo r 170ym sized p a r t i c l e s of 
three of the kaol ins are presented in Figure 2. The 
d i s s o l u t i o n r a t e s a t 20% r e a c t i o n f o r the m i n e s i t e 
c l ays were up to two t imes f a s t e r than t h a t f o r the 
D2 k a o l i n . For the two pure k a o l i n samples, the 02 
kao l in d issolved approximately 1.4 times fas te r than 
the f i l l e r c lay a t a l l temperatures studied. The D2 
c lay had a higher surface area than the f i l l e r c lay , 
l ö m ^ g " 1 compared to Sm^g . E l e c t r o n microscope 
e x a m i n a t i o n i n d i c a t e d t h a t i n D2 k a o l i n b o t h 
k a o l i n i t e ( p l a t y ) and h a l l o y s i t e ( t u b u l a r ) forms o f 
k a o l i n were p resen t (F igu re 4 ) ; the f i l l e r c l a y 
con ta ined o n l y the p l a t y k a o l i n i t e . For D2 k a o l i n , 
the k a o l i n i t e p l a t e l e t s were about 20pm i n s i ze and 
o f t e n occu r red i n book f o r m ; the h a l l o y s i t e tubes 
were a p p r o x i m a t e l y 3pm long and 0.2μιη i n d i ame te r . 

Table II. Reaction Rates at 20% Reaction for 

Dissolution of Ka< 

02 KAOLIN 

CAUSTIC ALUMINA 

gL"1 gL"1 

84 57 
127 57 
168 57 

111 62 
111 82 
111 102 

Dlin in 

RATE 

%.min~ 

1.05 
1.60 
2.20 

1.30 
1.11 
1.06 

Refinery 

CAUSTIC 
1 gL"1 

77 
116 
157 

102 
102 
102 

Liquor at 

BAUXITE 

ALUMINA 

gL"1 

65 
66 
66 

70 
90 

110 

95°C 

RATE 

%.min_1 

1.65 
2.75 
3.40 

2.15 
2.09 
1.97 

242 



■MgDDGK]ciÖQOs= From Light Metals 1988, Lam·' G. Boxall, Editor 

f i x a t i o n energy ob ta i ned f rom the s lopes was 
) 1 _ 1 , The e f f e c t o f t e m p e r a t u r e f o r t h e 

The a c t i i 
3 3 k J m o l " - , me e t t e c t o r t e m p e r a t u r e t o r t h e 
reac t ive s i l i c a in bauxi te was studied over the range 
from 65 to 95°C. Although there was more sca t te r i n 
the d a t a , the p l o t was l i n e a r and an a c t i v a t i o n 
energy o f S ^ U m o ! " 1 was o b t a i n e d . Th is va lue i s , 
w i t h i n expe r imen ta l e r r o r , c o n s i s t e n t w i t h t h a t 
ob ta ined f o r the pure k a o l i n s . The h igh a c t i v a t i o n 
energy , t he lack o f an e f f e c t o f a g i t a t i o n on the 
d i s so l u t i on r a t e , and the long d i sso lu t i on t imes are 
a l l cons is tent w i th a react ion con t ro l l ed by the ra te 
of chemical react ion at the mineral surface. Even a t 
t h e h i g h e s t t e m p e r a t u r e s t u d i e d , 150°C , t h e 
d i s s o l u t i o n was s t i l l not a f f e c t e d by d i f f u s i o n 
c o n t r o l considerat ions. 

F igu re 4 - P a r t i c l e s o f 02 k a o l i n . The p a r t i c l e on 
the l e f t i s p r e d o m i n a n t l y kaol i n i t e , the one on the 
r i g h t consists e n t i r e l y of h a l l o y s i t e . 

E f fec t o f P a r t i c l e S i z e 

The d i s s o l u t i o n o f 170pm and 650pm s i z e d 
p a r t i c l e s o f D2 k a o l i n a t 95°C, and 18um and 40pm 
f i l l e r c l a y a t 8 0 ° C , i n l O ö g L " 1 f r e e c a u s t i c 
s o l u t i o n , was s t u d i e d . The d i f f e r e n c e i n the r a t e 
parameter f o r the two p a r t i c l e sizes of D2 kao l in was 
a f a c t o r o f 1.6; a f o u r - f o l d d i f f e r e n c e would have 
been expected i f the p a r t i c l e s were d i s s o l v i n g 
t o p o c h e m i c a l l y . For the two s i zes o f f i l l e r c l a y 
t h e r e was e s s e n t i a l l y no d i f f e r e n c e i n the r a t e ; a 
t w o - f o l d d i f fe rence would have been expected based on 
p a r t i c l e s i z e . The su r f ace areas f o r the 18pm and 
40pm sizes of f i l l e r c lay were very s i m i l a r , lO t t rg " 1 

and Bürg""1 r e s p e c t i v e l y . The h igh su r face area 
values ind ica te t ha t the p a r t i c l e s have a high degree 
o f i n t e r n a l su r f ace area. C l e a r l y the data i n d i c a t e 
t h a t the p a r t i c l e s i ze o f the k a o l i n has l i t t l e 
e f f e c t on the d i s so l u t i on ra te . 

EffectofTemperature 

The e f f e c t of t empera tu re on the d i s s o l u t i o n 
ra te f o r the D2 and f i l l e r c lays was studied from 6B 
to 150°C in lOögL"1 f ree caust ic so lu t ions . The ra te 
data are p resented as A r rhen ius p l o t s i n F igure 5. 
The p l o t s f o r the two k a o l i n types are l i n e a r , and 
the s lopes o f the l i n e s are e s s e n t i a l l y the same. 

Ef fec t of Liquor Composition 

The e f f ec t s of f ree caus t i c , a lumina, s i l i c a and 
carbonate concentrat ions in the l i q u o r on the ra te of 
d i s s o l u t i o n were s t u d i e d us ing p r i m a r i l y the D2 
kao l in . The e f f e c t of l i q u o r composit ion on the ra te 
of react ion should be independent of the mineralogy 
of the kao l in . 

The e f f e c t of the f ree caust ic concentrat ion on 
the d i sso lu t i on ra te i s shown in Figure 6 f o r a 95°C 
d i g e s t . The f r e e c a u s t i c c o n c e n t r a t i o n had a major 
e f f e c t on the r a t e ; a change i n concentrat ion from 26 
to 106gL _ 1 f r e e c a u s t i c i nc reased the r a t e by a 
f a c t o r o f 5. A l i n e a r r e l a t i o n s h i p i s i n d i c a t e d and 
the l i n e can r e a d i l y be made t o pass th rough the 
o r i g i n . 

The e f f e c t o f t he s i l i c a c o n c e n t r a t i o n on the 
d i s s o l u t i o n r a t e i s shown i n F igu re 7 f o r an 80°C 
d igest . The i n i t i a l s i l i c a concentrat ion was var ied 
f rom 0 t o 2 5 g l ~ 1 S i 0 2 . (The d i s s o l u t i o n o f the 
k a o l i n d i d not change the s i l i c a c o n c e n t r a t i o n by 
more than I g t . " 1 S i 0 2 . ) The s i l i c a c o n c e n t r a t i o n 
c l e a r l y had a marked e f f e c t on the d i s so l u t i on r a t e ; 
an inc rease i n s i l i c a f rom 0 t o 5gL _ 1 decreased the 
r a t e by a f a c t o r o f about 0.2. S i m i l a r e f f e c t s o f 
s i l i c a on the r a t e were found a t 120°C and 150°C. 
The s c a t t e r i n the data made i t d i f f i c u l t t o d e f i n e 
the o rder of r e a c t i o n ; va lues between -0.3 and -1.0 
were obtained. No f u r t h e r work was undertaken as the 
s i l i c a c o n c e n t r a t i o n i n p l a n t l i q u o r v a r i e s 
r e l a t i v e l y l i t t l e , hence the s i l i c a e f f e c t d i d not 
need to be def ined prec ise ly . 
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F igu re 5 - A r rhen ius p l o t s f o r D2 k a o l i n and f i l l e r 
c lay digested in synthet ic caust ic l i q u o r . 

Figure 6 - E f fec t of f ree caust ic on the ra te f o r D2 
kao l in a t 95°C. 
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Figure 7 - E f fec t of s i l i c a on the rate f o r D2 kao l in 
a t 80°C in lOßgL"1 f ree caust ic . 

The e f f e c t o f a lumina c o n c e n t r a t i o n on the 
d i s s o l u t i o n r a t e i s shown i n F igu re 8 f o r a 95°C 
d igest (broken l i ne ) . The alumina concentrat ion was 
v a r i e d f rom 0 to l O g L - 1 A l g o l w i t h a cons tan t f r e e 
c a u s t i c c o n c e n t r a t i o n o f f06gL . The a lumina 
concentrat ion had a strong e f f e c t on the d i s s o l u t i o n ; 
a change from 0 to lOgL - 1 ΑΊ0Ο3 decreased the rate by 
a f a c t o r o f 0 .6. I n o t h e r wo rk t h e a l u m i n a 
concentrat ion was var ied from 0 to 70gL~1 f o r digests 
a t t empera tu res f rom 80 t o 150°C. The a lumina was 
v a r i e d by d i s s o l v i n g a lumin ium h y d r o x i d e , e x t r a 
sodium hyd rox ide was not added. Consequent ly , the 
f ree caust ic concentrat ions were lower at the higher 
alumina concentrat ions. The kao l in d i sso lu t i on rate 
d e c r e a s e d m a r k e d l y w i t h i n c r e a s i n g a l u m i n a 
c o n c e n t r a t i o n . When a l l owance was made f o r the 
e f f e c t o f the change i n f r e e c a u s t i c , the a lumina 
c o n c e n t r a t i o n s t i l l had a major e f f e c t . A change i n 
alumina concentrat ion from 0 to l O g l " 1 decreased the 
r a t e by a f a c t o r o f 0.5 and f rom 0 t o ?0gL _ 1 by a 
fac to r of 0.2. The data are also presented in Figure 
8 ( s o l i d l i n e s ) . The o rde r o f the e f f e c t was about 
-0.3 a t each temperature. 

The e f f e c t o f carbonate was assessed by adding 
40gL_ i sodium carbonate to the s t a r t l i quo r ( lOSgl" " 
f r e e c a u s t i c s o l u t i o n ) . There was no s i g n i f i c a n t 
change in the rate of d i s s o l u t i o n . 

Kaol in D isso lu t ion in Ref inery Spent l i q u o r 

For t h e s e d i s s o l u t i o n s t h e b o t t l e method 
d e s c r i b e d p r e v i o u s l y was used because o f t h e 
p r e c i p i t a t i o n of the d e s i l i c a t i o n product. A t yp i ca l 
composit ion of the r e f i n e r y l i q u o r i s WOgL*"1 t o t a l 

0 20 40 60 80 

ALUMINA (G /L ) 
F igu re 8 - E f f e c t o f a lumina on the r a t e f o r 02 
kao l in in 106gL_1 f ree caust ic . 

c a u s t i c , ZSBgL·-1 t o t a l a l k a l i , O.eßgL'^SiOo, 8 0 g L _ i 

AT2Ο3 and SOgL"1 t o t a l o rgan i c carbon. Hence the 
l i q u o r has a f r e e c a u s t i c c o n c e n t r a t i o n o f HOgL . 
The l i q u o r was a d j u s t e d t o g i ve a range of f r e e 
caust ic concentrat ions from 84 to If iSgL"1 a t a f i xed 
a lumina c o n c e n t r a t i o n o f 57gL . The r a t e data f o r 
02 k a o l i n are presented i n F igure 9. A l i n e a r 
re l a t i onsh ip i s ind icated and the l i n e can r e a d i l y be 
made to pass through the o r i g i n . The slope was less 
than tha t obtained f o r D2 kao l in i n synthet ic l i quo r 
by a f a c t o r o f 0,7. However, the r e f i n e r y l i q u o r 
con ta ined 5 7 g L ' 1 AI2O3- To de te rmine the e f f e c t o f 
a l u m i n a , t h e l i q u o r was a d j u s t e d t o g i v e 
c o n c e n t r a t i o n s f rom 62 to l Ü 2 g l " 1 AI0O3 a t a f i x e d 
f r e e c a u s t i c c o n c e n t r a t i o n of l l l g L . Alumina had 
o n l y a sma l l e f f e c t on the d i s s o l u t i o n r a t e ; a 
change i n c o n c e n t r a t i o n f rom 62 to 102gL - 1 A1303 
decreased the r a t e by a f a c t o r o f o n l y 0.8, The 
e f f e c t o f s i l i c a c o n c e n t r a t i o n was not s t u d i e d as 
l i t t l e change i n s i l i c a c o n c e n t r a t i o n occurs i n 
r e f i n e r y 1 iquors. 

Baux i teReact ive S i l i c a D i s s o l u t i o n i n R e f i n e r y 
SpenT Liquor 

A b a u x i t e charge e q u i v a l e n t to the r e a c t i v e 
s i l i c a con ten t o f the s tandard D2 k a o l i n charge was 
used i n these d i g e s t s . To de te rm ine the e f f e c t o f 
f r e e c a u s t i c , the l i q u o r was a d j u s t e d t o g i ve f r e e 
caust ic concentrat ions from 77 to 157gL"·1 a t a f i xed 
a lumina c o n c e n t r a t i o n o f 65gL . The r a t e data are 
presented w i t h the D2 k a o l i n data i n F igure 9. A 
l i n e a r r e l a t i o n s h i p i s aga in i n d i c a t e d w i t h f r e e 
c a u s t i c , and the l i n e can r e a d i l y be made t o pass 
through the o r i g i n . The slope was near ly tw ice tha t 
ob ta ined f o r D2 k a o l i n i n r e f i n e r y l i q u o r . For the 
e f f e c t o f a l u m i n a , the l i q u o r was a d j u s t e d t o g i ve 
alumina concentrat ions from 70 to HOgL"1 AJgOja t a 

f i xed f ree caust ic c o n c e n t r a t i o n o f 102gL . There 
was l i t t l e e f f e c t on the d i s s o l u t i o n ; the change i n 
concentrat ion from 70 to l lOgL" 1 AI0O3 decreased the 
r a t e by a f a c t o r o f o n l y 0.9. 

DISCtJSSIOif 

E f fec t of Kaol in Mineralogy o n t h e D isso lu t ion Rate 

The d i f f e r e n t k a o l i n samples , i n c l u d i n g the 
reac t ive s i l i c a component of the bauxite sample, had 
q u i t e d i f f e r e n t d i s s o l u t i o n r a t e s under s i m i l a r 
r e a c t i o n c o n d i t i o n s . The d i f f e r e n c e s i n r a t e were 
r e l a t e d t o both the su r face area of the k a o l i n s and 
t h e s p e c i f i c f o r m o f k a o l i n : k a o l i n i t e o r 
h a l l o y s i t e . For kao l in samples which contained both 
minera ls , the h a l l o y s i t e dissolved more read i l y . The 

CAUSTIC (G /L ) 
Figure 9 - Effect of free caustic on the rate for D2 
kaolin and bauxite reactive silica at 95°C. 
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sample with no hal loysi te the f i l l e r clay, had the 
slowest ra te . Halloysite occurs as fine tubes less 
than 3 urn long and about 0.2pm in d iameter ; i t 
inherently has a higher surface area, a finer 
c r y s t a l l i t e size and is normally less c rys ta l l ine 
than the platy kaol ini te . All of these features 
would make the hal loysi te more reactive than the 
kaol ini te . The higher reac t iv i ty of hal loysi te 
compared to kaolini te has been noted previously in 
both caustic (Bell, 1970) and acidic (Deer, 1976) 
l i q u o r s . The r e a c t i v e s i l i c a in the bauxi te 
dissolved fas ter than the pure kaolins (Figure 9), 
but at a rate s imilar to the minesite kaolins. The 
kaolin in the Darling Range bauxite is predominantly 
fine ha l loys i te , less than 1 pm long and 0.05um 
diameter (Anand and 6 i lkes , 1984). That hal loysi te 
is finer than in the D2 kaolin and thus a higher rate 
would be expected. No attempt was made to quantify 
the proportion of hal loysi te and kaolini te in the 
samples. To quant i fy the amounts by x-ray 
diffraction is extremely difficult in pure clays; for 
kaolin in bauxite i t would be virtually impossible. 
Electron microscopy as a quant i ta t ive technique is 
both slow and prone to se l ec t iv i ty ; for bauxites 
containing low levels of reactive silica i t would not 
be feasibl e. 

The p la t e l e t s of kaolini te in the f i l l e r clay 
which made up the par t ic les were about 0,5um square 
and O.lwm th ick . P l a t e l e t s of t ha t s i ze are 
equivalent to a surface area of about lOri^g"1 which 
was the measured value. No major effect of particle 
size occurred; the s l ight decrease in rate at the 
coarser particle size was of a similar magnitude to 
the s l igh t decrease in surface area. The lack of 
particle size effect suggests that the kaolin reacts 
both in ternal ly and external ly, possibly ut i1is ing 
most of the available mineral surface area. Hence, 
in kaolins where only kaolini te is present, the 
c r y s t a l l i t e size of the kaolini te is expected to 
determine the rate of reaction. 

EffectofDigestConditions 

The dissolution reaction of kaolin in free 
caustic solutions was found to be controlled by the 
rate of chemical reaction at the mineral surface for 
the temperature range studied, 65 to 150°C. The 
activation energy of the reaction was 93kJmol for 
pure kaolin clay samples and 99kJmol for bauxite 
reactive silica. As the data for the pure kaolin was 
less v a r i a b l e , t ha t a c t i v a t i o n energy is the 
preferred value. 

50 100 150 
CAUSTIC ( G / L ) 

200 

For dissolutions of 02 kaolin in synthetic and 
refinery liquors, linear relationships between rate 
and free caustic concentration were found (Figure 
10). The slopes of the lines are 1.75 for 02 kaolin 
in synthetic liquor (OgL-1 A1203) and 1.25 for 02 
kaolin in refinery liquor (S7gL_1 A ^ C M . For 
dissolutions of D2 kaolin in synthetic liquor a 
marked effect of alumina on the rate was obtained. 
For dissolutions in refinery liquor there was little 
effect of alumina (Figure 11); in those dissolutions 
DSP precipitation occurred during dissolution. The 
precipitation of the DSP was directly observed by 
examining kaolin at 50Ϊ reacted (Figure 12). The 
typical "wool balls" of DSP are evident, about Ιμπι in 
size, residing on and between the sheets of 
kaolinite. If the correlation obtained with the 
refinery liquor data is extrapolated back to OgL"*1 

AT2°3> a rate similar to that for the equivalent free 
caustic concentration in synthetic liquor is obtained 
(broken line, Figure 11). That suggests that the DSP 
precipitation is not having an effect on the kaolin 
dissolution. Also, the effect of alumina 
concentration on the dissolution rate is quite 
different for the refinery and the synthetic liquors. 

The reason for the less marked effect of alumina 
for refinery liquor digests may be associated with 
the formation of the OSP. With synthetic liquor, 
alumina and silica dissolve and are retained in 
solution; with refinery liquor there is little 
change in concentration of those species as they 
precipitate out. There may well be some form of 
interaction between the dissolution and precipitation 
reactions. Alternatively, the alumina in the 
refinery liquor may be in a different and more stable 
form (e.g. as aluminate dimers or complexed with 
silica or organics) than in the synthetic liquor; 
that might reduce the tendency for alumina to 
suppress the dissolution reaction. The silica 
solubility is very high in low alumina caustic 
liquors; the solubility decreases with increasing 
alumina concentration. However, above about 25gL~I 

^2°3" ^ e s"ni c a solubility increases with alumina 
concentration (Breuer et al, 1963). There may be 
some complex interactions between silica, alumina and 
DSP on the rate of dissolution with possibly 
different effects at high and low concentrations. 
The fortunate consequence is that in typical Bayer 
refinery liquors, with their high alumina 
concentration, the rate is essentially determined by 
the free caustic concentration. The dissolution rate 
will be slightly slower in green liquors than in 
spent liquors, primarily because of the lower free 
caustic concentration. 

2,0i 

Refinery 
liquor 

Synthetic 
liquor 

20 40 60 BO 100 
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120 

Figure 10 - Effect of free caustic on the rate for 02 
Kaolin in synthetic and refinery liquors. 

Figure 11 - The effect of alumina on the rate for D2 
kaolin in synthetic and refinery liquors. 

245 



= ßngDDG K ] @ G Q D 8 ^ ^ ^ ^ ^ ^ = ^ ^ ^ ^ ^ ^ = F r o m LiSht Metais 1988, Larry G. Boxall, Editor = 

CONCLUSIONS 

F igu re 12 - Par t reac ted D2 k a o l i n i n r e f i n e r y 
l i q u o r . The DSP "wool b a l l s ' are apparent on and 
between the k a o l i n i t e p l a tes . 

Relevance To B a y e r R e f i n e r y D e s i l i c a t i o n 

In the Bayer p rocess , the k a o l i n d i s s o l u t i o n 
occurs in e i t he r the pred igest ion d e s i l i c a t i o n tanks 
o r t h e d i g e s t e r s . A l c o a o f A u s t r a l i a L i m i t e d 
operates three r e f i n e r i e s ; two w i t h and one wi thout 
p r e d i g e s t i o n d e s i l i c a t i o n . I n the p r e d i g e s t i o n 
d e s i l i c a t i o n t a n k s , i t i s e s s e n t i a l t o d i s s o l v e a l l 
t h e k a o l i n f o r o p t i m u m d e s i l i c a t i o n . T y p i c a l 
operat ing condi t ions f o r such tanks are temperatures 
from 80 to 95°C and holding t imes from 6 to 12 hoyrs. 
Those h o l d i n g t i m e s are equal to t h a t r e q u i r e d f o r 
complete d i s s o l y t i o n of the kao l in as determined in 
t h i s work. Hence, f a c t o r s which a f f e c t the k a o l i n 
d i s so l u t i on rate can d i r e c t l y a f f e c t the d e s i l i c a t i o n 
process i n the r e f i n e r y and the r e s u l t i n g l e v e l o f 
s i l i c a i n so lu t i on . In p a r t i c u l a r a major change i n 
t h e t y p e o f k a o l i n i n t h e b a u x i t e , say f r o m 
h a l l o y s i t e t o k a o l i n i t e , could r esu l t i n inadequate 
d e s i l i c a t i o n . Although the normal reasons f o r poor 
d e s i l i c a t i o n in such tanks are due to e i t h e r too low 
an operat ing temperature or a reduced holding t ime , 
i t i s p o s s i b l e t h a t a change i n r e a c t i v e s i l i c a 
m i n e r a l o g y cou ld be the cause. Such a change i n 
m i n e r a l o g y would n e c e s s i t a t e a change i n o p e r a t i n g 
cond i t i ons . 

For d i r e c t d i g e s t i o n o f b a u x i t e , t y p i c a l 
operat ing condi t ions are 145°C and a residence t ime 
o f t h i r t y m i n u t e s . Even t h o u g h t h e k a o l i n 
d i s s o l u t i o n k i n e t i c s are much f a s t e r a t such a 
t e m p e r a t u r e , k a o l i n d i s s o l u t i o n would be o n l y j u s t 
complete. Hence the p o s s i b i l i t y ex is ts of undigested 
kao l in occurr ing in r e f i n e r y residue. Such undigested 
k a o l i n has been observed (Roach, 1983). I t i s the 
larg_er and more c r y s t a l l i n e k a o l i n i t e p a r t i c l e s , w i th 
t h e i r i n h e r e n t l y s l owe r d i s s o l u t i o n k i n e t i c s , t h a t 
remain und iges ted . C l e a r l y the level of undigested 
k a o l i n w i l l depend on both the r e a c t i v e s i l i c a 
m ine ra l ogy and the o p e r a t i n g c o n d i t i o n s . Such 
und iges ted k a o l i n i s b e n e f i c i a l , p r o v i d e d t h a t 
adequate d e s i l i c a t i o n occu rs , as i t r ep resen ts a 
reduced f i x e d soda loss . 

The kao l in d i s so l u t i on data, when combined w i t h 
s i m i l a r k i n e t i c data f o r the p r e c i p i t a t i o n o f DSP 
f rom l i q u o r , enables a d e t e r m i n i s t i c d e s i l i c a t i o n 
model to be formed. Construct ion of such a model i s , 
f o r t u n a t e l y , no t c o m p l i c a t e d by DSP p r e c i p i t a t i o n 
a f f e c t i n g t he r a t e o f k a o l i n d i s s o l u t i o n . Such a 
m o d e l can be u s e d t o p r e d i c t t h e s i l i c a 
concentrat ions in l i q u o r a f t e r d iges t ion . 

The m i n e r a l o g y o f t h e k a o l i n a f f e c t s i t s 
d i s s o l u t i o n r a t e i n c a u s t i c l i q u o r s . Ha l l oys i te i s 
more reac t ive than k a o l i n i t e . There i s l i t t l e e f f e c t 
o f p a r t i c l e s i z e on d i s s o l u t i o n r a t e because o f the 
p o r o s i t y o f the p a r t i c l e s . The d i s s o l u t i o n r a t e of 
k a o l i n i n Bayer 1 iquors i s p r i m a r i l y de te rmined by 
the f r e e c a u s t i c c o n c e n t r a t i o n o f the l i q u o r , DSP 
p r e c i p i t a t i o n does not a f f e c t the d i sso lu t i on ra te of 
k a o l i n . The d i s s o l u t i o n r a t e o f k a o l i n i s 
s u f f i c i e n t l y s low t h a t i t cou ld a f f e c t the l e v e l o f 
d e s i l i c a t i o n achieved i n p r e d i g e s t i o n d e s i l i c a t i o n 
tanks and i n d igesters . 
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