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THi DISSOLOTIOi BATE OF QBAST2 AMD fil RATE 
OF DESILICATION IM THE BAYEB LIQDOR 

T» Oku and K. famada 

Abstract 

The dissolution rate of quartz which occurred in the digestion 
of Australian monohydrate bauxite Mas determined at temperatures from 
180 to 240°C. The rate of desilication was also measured in the tem-
perature range from 100 to 1809C in the plant sodium aluminate solu-
tion where Southeast Asian trihydrate bauxite was dissolved» As the 
results of the measurements, Iqs, (1) and (2) were derived for the 
desilication and Iq. (J) for the dissolution of quartz. 

ds • g = e x p . (26 .376 - 14.44 x lOift - 10960/T) · (S - S - ) ' 

S» = 2 .7 x ICT5 . N . "A 

where; S = SiOa concentration 
A = M2O3 concentration 
H = caustic Ha20 concentration 
t = tine 
T = temperature 

= exp, (12.09 - -2222) , {Ma 20) · % 

(1) 

(2) 

(g/S) 
(eß) 
( g / i ) 
(min.) 
(°I) 

~ dt (3) 

where: Q = quantity of quartz in solution (g/8) 
F-Ias0 = free fa^O concentration (g/t) 

T. Ok« and K» Yamada are research chemists with the Kikumoto 
Works, Sumitomo Chemical Co., Ltd., Niihama, Ehime, Japan 
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1,Introduction 

Bauxites are classified into two types, the alumina monohydrate 
and the almina trihydrate type ore. In general, the former is di-
gested at high temperature and the latter at low temperature. At 
low temperature the desilication rate is low, and the dissolution 
rate of reactive silica in bauxite is high. In order to reduce the 
scaling trouble and the silica contamination in the product Afi203, 
the SiOj concentration in the pregnant liquor from the digester Bust 
be kept near the equilibrium. In this respect, the digestion time 
of an alumina trihydrate ore is controlled by the desilication rate 
of the pregnant liquor. -In order to minimize the size of the di-
gester, the desilication rate must be known. The quartz in bauxite 
disolves scarecely in the Bayer liquor at low temperature, but at 
high temperature it dissolves considerably and causes the loss of 
soda and alumina. The dissolution rate of quartz must be clarified 
in order to reduce the loss of soda and alumina. Many works have 
been reported on desilication products. But a limited number of ki-
netics data for the quartz dissolution and desilication rate have 
been reported (O. (*).(»). W # The present study reports on the dissolu-
tion rate of quartz which occurred in the digestion of Australian 
monohydrate bauxite in the temperature range from 180 to 240X and 
the rate of desilication in the case of Southeast Asian trihydrate 
bauxite at temperatures from 110 to 180°C in the plant sodium alumi-
nate solution« The rate equations were derived for the dissolution 
rate of quartz and desilication, respecti¥ely. Furthermore, the 
values calculated from the rate equations are compared with those 
observed in the plant digesters. 

2. Experimental 

2-1, Materials 

Sodium Aluminate Solution: The plant liquor was used for the 
digestion of bauxite. Tab, I shows the impurities in the plant li-
quor. 

Table I. Impurities in the Plant Liquor 
(Based on caustic WatO cone. = 100g/t) 

Impurities Concentration (g/g) 

SO4- 0.3 
Cfi" 2.0 
CO3- 6.0 
F- 1.0 

Organic carbon 3.5 

Bauxite: Ho, 1 bauxite (Australian) in Table II was used for 
the measurements of the quartz dissolution rate and No. 2 (Southeast 
Asian) for the desilication rate. 

Essential Readings in Light Metals: Alumina and Bauxite. 
Edited by Don Donaldson and Benny E. Raahauge. 

2013 The Minerals, Metals & Materials Society. Published 2013 by John Wiley & Sons, Inc. 



ÜDgüOGraiÄflS' 
Table I I j Cjojnjitjjffjyjm· of the Bauxites _(wt8g) 

Components L.O.I M303 T-SiQa F-S102 FeäO, Ti02 
1J SIU,X X ΐ € 

No. I 26.06 57.99 5,95 2.31 7.10 2,52 
Mo. 2 28,63 52.71 4.48 4.03 12.86 1.08 

The particle size of Mo. 1 bauxite was under 42 mesh and So» 2 
under 35 mesh» 

2-2. Apparatus^and Frocetoes 

A 5 liter stainless steel autoclaTe used for the bauxite diges-
tion is shown in Fig» 1, The solution was introduced into the auto-
claTe so that the liquid level reaches just under the bottom of the 
sample container 5 . The bauxite sample is placed on the container 
5 , so that' the solution and bauxite were heated separately to a 
given temperature. The autoclave was rotated'at the given temper-
ature and the solution and bauxite were mixed. After a given reac-
tion tim'e, the slurry was taken out through the valve 3 . the red 
mud was separated from the solution by filtration and the solution 
and red mud were both analysed. 

2-3. Analysis 

The chemical analyses of bauxite and red mud were performed by 
the JIS method. The SaOH concentration (E-Sa20) of the sodium alu-
minate solution was determined by the volumetric analysis with HCI 
solution and phenolphthalene as an indicator. The AfijQj concentra-
tion was analysed "by the chelating titration method with EDTA. The 
SiOi concentration in the solution was determined by the gravimetric 
analysis. 

3. Results and Discussion 

3-1» Desjlication Rate 

Fig. 2 and 3 show the change of the Si02 concentration with the 
reaction time at the temperature range from 100 to 180°C. The desi-
lication rate equations as given by Eqs, (1), (2) were derived from 
the experimental results, 

- || = eacp. (26.3?6 - 14.44 x 10"»A - 10960/1) · (S - S») 2 (1) 

S» = 2.7 x Krs N . A (2) 

where: S = Siö2 concentration (g/*) 
A = Ai203 concentration (g/8) 
I = K-Ma20 concentration (g/*) 
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t = time (min,) 
T = temperature (°K) 
S = SiOj equilibrium concentration (g/S) 

As shown in Eq, (1), the desilication is a second order reac-
tion with respect to SiO, supersaturated concentration. The con-
stant in the right hand side of Eq, (1), 26.376, should change de-
pending on the kind of "bauxite. The activation energy for desili-
cation is calculated as 21.8 kcal/mole from Eq. (1). This value is 
very high in comparison with the values of ΔΕ* = 4 kcal/mole which 
are usually observed in diffusion controlled reactions. Therefore, 
the desilication reaction is considered to be chemically controlled. 
Eq. (2) shows that the Si02 equilibrium concentration is determined 
by the NaOH and A£203 concentration and is independent of temper-
ature. If a temperature is higher than 180°C, the Si02 equilibrium 
concentration becomes higher than the calculated value of Iq. (2). 
The constant in Eq, (2), 2,7 x 10"s, varies with the kind and quanti-
ty of the impurities in the solution. In the case of pure sodium 
aluminate solution the constant is higher than 2.7 x 1CT5. Fig. 4 
shows the effect of red mud quantity on the desilication rate and 
the desilication rate is approximately proportional to the red mud 
quantity. As to the reaction order of the desilication, Adamson(1) 

proposes the first order and SugiyamaW suggests the second order as 
our results. On the other hand, Adamsond) reports almost the same 
equation as Eq. (2) for the equilibrium concentration of Si02 . 

3-2. pis^lution^Rate of Quartz 

Fig, 5 - 7 show the dissolution rate of quartz in the temper-
ature range from 110 to 240SC. From these results Eq. (3) is de-
rived as the dissolution rate equation of quartz in the Bayer liquor. 

- § = exp. (12.09 - 22°°.) « (F-lai0) . Q (3) 

where: Q = quantity of quartz in solution (g/i) 
t = time (min.) 
F-NajO = free ia20 concentration (g/£) 
I = temperature (°K) 

The dissolution rate of quartz is proportional to the quantity 
of quartz present in the solution as is shown in Eq. (3). When the 
dissolution rate of quartz is measured on the flat surface of quartz, 
the reaction is obviously turned out to be of the first order with 
respect to the surface area as shown in Fig. 5. If the quartz in 
bauxite has a flat surface, the dissolution reaction must be of the 
two-thirds order with respect to the Si02 quantity. However, it was 
found that the reaction was of the first order. This suggests that 
the surface of the quartz in bauxite is not flat. SugiyamaW re-
ports that the dissolution rate of quartz in the Southeast Asian 
bauxite is proportional to the surface area of the quartz. The ac-
tivation energy of 19,7 kcal/mole is calculated from Eq, (3). The 
fact that the dissolution rate of quarta increases with the increase 
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of OH" concentration and of the surface area of the quarta and the 
fact that the activation energy is 19.? kcal/mole indicate that the 
reaction of quartz with the Bayer liquor is controlled by the chemi-
cal reaction between OH" and the surface of quartz. 

3-3. Comparisonofthe Calculated Value with the Cbserved One 

Desilication: Fig. 8 shows the observed SiOj concentration in 
the digestion plant. The SiOj concentration at the outlet of reac-
tor is calculated in the following manner. When a reactor is of a 
piston flow type, the desilication proceeds according to Eq. (4), 
which is obtained by integration of Eq, (1). 

_ ~A—„ ,,-̂a-
(St - So») (St - Sa») 

= kt (4) 

where; k = exp. (26.376 - 14.44 x 1CT3A - 10960/T) (5) 
S = SiOj concentration at an inlet of reactor (g/ß) 
S = 81G2 concentration at an outlet of reactor (g/2) 
t = residence time (min.) 

When a reactor is of a perfect mixing type, the desilication 
rate is expressed as Eq. (6), which can be deduced from the fact 
that the Si02 concentration at the outlet equals to the one in the 
reactor, 

■Λ0 ~ S< r = kt (6) 
{Of - b<*>) 

We calculated the SiOj concentration in each reactor by using 
Eqs. (1), (2), (4), (5) and (6) and the SiOj concentration at the 
inlet of Ho. 1 reactor and the temperatures, K-NajO and 4£203 con-
centrations and the residence time in each reactor. Table III shows 
the results of the calculation and the observed values. 

Table III. Comparison of the Calculated Values 
with the Observed One 

lo.l reactor No.2 reactor No.3 reactor 

= = = outlet outlet ___iSiili___ 

SiOj 
concentration calculated I.80 1.1? 0,79 

(g/fi) observed I.85 1.15 0.73 

The agreement of the values calculated from the rate equation 
and those observed in the plant is satisfactory as shown in Tab. 

Quartz Dissolution- The values observed in the plant digesters 
are shown in Fig. 9. The quantities of the dissolved quartz under 
the plant condition are calculated in the following manner. All di-
gesters (No. 1 through Ho. 3) are of the perfect mixing type. The 
dissolution rate of quartz in a perfect mixing tank follows Eq. (7). 
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= 1 dt e, l ' J 

Combining Eq. (3) and Eq, (7), we obtain 

kt = äfl^^Si (8) 
«it 

where; k = (F-IaaO) · exp. (12.09 - 2ψ^-) (9) 

q0 = quartz quantity at an inlet of digester (g/8) 
Qt = quartz quantity at an outlet of digester (g/S) 
t = residence time (min.) 

•We calculated the percentage of the dissolved quartz in each 
digester by using Sqs. (8) and (9). The results of the calculation 
and the observed values are shown in Tab. IV. 

Table IV. Quantity of Dissolved Quartz 

_ _ ^ Mo.l digester Ho.2 digester Mo.3 digester 

Dissolved calculated 10 2? 4l· 
quartz observed — — 41 
(*) 

The calculated value in the No. 3 digester agrees with the ob-
served one satisfactorily. 

4. Conclusion 

The rate equations of the desilication and the quartz dissolu-
tion in the Bayer liquor were proposed. The agreement of the values 
calculated from the rate equations and those observed in the plant 
digesters is satisfactory. 
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Fig, 1. 5£ Autoclave for Bauxite Digestion 
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Fig. 2 . Desilicatton curve 
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F i g . 3. Desi l icat ion cu rve 
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Fig . 4 . E f fec t of amount of red mud 
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Fig. 5. Dissolution of quartz 
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Fig. 6, Dissolution of quartz 
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Fig, 7. Dissolut ion of quartz 
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Fig. Observed SiO^ concentration in plant 
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