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Research progress in theory and technology of
gibbsite precipitation from sodium aluminate solution

LI Xiao-bin, ZHAO Dong-feng, WANG Dan-qin, YAN Li

(School of Metallurgical Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The precipitation of sodium aluminate solution is the key process for alumina refinery by alkaline method. The
research progress in theory and technology of the precipitation process was summarized. Five important aspects,
including the thermodynamics and macrokinetics, aluminium-bearing species present in the aluminate solution and the
species evolution, the behavior of aluminum trihydroxide particles, the interaction regulation of the interface between
gibbsite particles and aluminate solution and the strengthening techniques for gibbsite precipitation, were discussed. It is
held that the aluminate species favoring gibbsite precipitation is Al(OH), and thus the ways of converting other
complex aluminate species to Al(OH), would increase the precipitation rate, and that the key of improving the
precipitation rate is to increase the smallest particle size in the late period of precipitation. It is also held that it is the
research fundamental of seeded precipitation to study the principle and method for coordinately regulating
physicochemical properties of aluminate solution, ion structure and the interaction of the interface between gibbsite
particle and aluminate solution.
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Fig.1 Change of Gibbs free energy (AGy) for reactions (2)

and (3) at different temperatures
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Table 1 Limiting molar electric conductivity and transference

number of aluminate ions in aluminate solution

@ p(NaO)(gL) A2 (ag) «Na+OH) «(Al)
L3 <175 0.013 3 0394  0.606
175-330 0.007 2 0728 0272

7 <175 0.016 3 0411  0.589
175-330 0.008 8 0761  0.239

Lo <175 0.0177 0416  0.584
175-330 0.009 4 0784 0216

- <175 0.0192 0409  0.591
175-330 0.009 6 0.819  0.181

> <175 0.0209 0399  0.601
175-330 0.0107 0779  0.221

R 2 FEIRSE TR AR B PR B R LT R SRR AR
T
Table 2 Limiting molar conductivity and transfer number of

aluminate ions in aluminate solution at high concentration

o p(NaO)(gL™) 47 (aq) t(Na+OH)  #(Al)

2.40 >330 0.005 2 0.963 7 0.036 3
2.97 >330 0.004 9 ~1 =
3.29 >330 0.003 9 ~1 =l
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Fig.2  Concentration variation of aluminate ions during

seeded precipitation process
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Fig.3 Change of R( AI(OH); / Al,O(OH)2" ) with time during

seeded precipitation process
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Fig.4 SEM images of gibbsite products obtained by current
industrial  precipitation technology and strengthening
precipitation technology by regulating solid/liquid interfacial
properties: (a) Products of traditional technology, precipitation
ratio of 51%; (b) Products of new technology, precipitation

ratio of 60%
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Fig.5 SEM images of AI(OH); obtained at different
carbonation rates: (a) Precipitation time of 60 min, precipitation
ratio of 88.44% for preparing seed; (b) Precipitation time of
360 min, precipitation ratio of 91.25% for products
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