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In this paper, the concept of hydrogen bonding adsorption was investigated for AI(OH);-NaOH-
H,O-S (solid) system. Aluminium hydroxide transfer between solid and liquid phase by hydrogen
bonding adsorption and desorption, only with hydrogen bond breaking or formation of aluminium
hydroxide crystal. When the AI(OH)3;-NaOH-H,O-S (solid) system achieves equilibrium, this is
due to hydrogen bonding adsorption. Equilibrium equation of the system was obtained, CE = 90
SOIN'3-exp(-18522.9/(R-T)). No chemical reaction occurs when aluminium hydroxide dissolves
in caustic solution process or crystallises in a seeded precipitation process. In the liquid phase,
alumina is in the form of AI(OH)s, rather than AI(OH)4". In this concept, supersaturation does not
exist in sodium aluminate solution.
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1. Introduction

Bayer process was born more than one hundred years, The basic principle of Bayer process is
established on the Na;O-Al,O3-H,O system, according to the generally accepted theory, alumina
exists in form of AI(OH)4 or two poly-aluminate ions in caustic solution. Alumina concentration
in caustic solution depends on the solubility, where seeded precipitation process is a chemical
reaction, which eventually stops when alumina solubility is reached. However, according to this
theory, the super saturation phenomenon is difficult to explain, even it is thought that spent liquid
is supersaturated. Researchers have attributed this to the complex structure of AI(OH)4 in caustic
solution, still there is no reasonable results supporting this up to now.

Researching on the basic principles of the Bayer process is important to the alumina industry, also
it is of great significance to improve the quality of the products. In this paper, the principle of
hydrogen bonding adsorption was adopted on Al (OH);-NaOH-H,O-S (solid) system.

2. Experiment

A series of experiments were conducted to study various aspects of the crystallisation phenomena,
such as the effect of temperature, solid concentration and caustic concentration.

2.1 Experimental Materials

Aluminium hydroxide: grade AH-1 GB/T 4294-2010, specific surface area: 0.104 m?/g. Caustic:
chemical pure.

Table 1. Size distribution of aluminium hydroxide.
Size, um| 10 15 20 | 30 40 50 60 80 120 150 | 200
% 0.91 | 3.53 1580|829 | 11.16 | 16.69 | 24.83 | 44.57 | 77.91 | 91.18 | 99.22
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2.2 Experimental Instrument and Analysis

A 5 L stainless steel container was used, with stirring, automatic temperature control of + 0.1 °C.
Laser particle size was analyzed using a Mastersizer 2000 instrument.

2.3 Experimental Operation
2.3.1 The Relationship Between the End Alumina Concentration and Temperature

Sodium aluminate solution 5 L, caustic concentration Na,O 100 g/L, alumina concentration Al,O;
80 g/L, heated to 60 °C. Dried aluminium hydroxide 3 kg was added to the sodium aluminate
solution, stirring. After 50 hours, the slurry was separated, analysis alumina concentration,
sampling once every 5 hours. Three of difference of alumina concentration is less than 0.5 g/L,
that reach the end, three results mean as the end of alumina concentration. Then cooling to 55, 50
and 45 °C, repeated sampling.

2.3.2 Relationship Between the End Alumina Concentration and the Amount of Solid
Aluminium Hydroxide

Sodium aluminate solution 5 L, caustic concentration NaO 100 g/L, alumina concentration,
AlLOs 80g/L, temperature 50 °C. Respectively, adding dried aluminium hydroxide 2, 3, 4 and

5 kg. Sampling was the same as described in 2.3.1.

2.3.3 The Relationship between the End Alumina Concentration and Caustic
Concentration

Sodium aluminate solution 5 L, caustic concentration Na20 120, 110, 100, 90 g/L, alumina
concentration Al,O; 90 g/L, temperature: 50 °C. 3 kg dried aluminium hydroxide was added to
the sodium aluminate solution, stirring. Sampling was the same as described in 2.3.1.

3. Results and Discussion

Alumina concentration at the end under the different conditions are shown in Table 2.

Table 2. Alumina concentration at the end under different conditions.

No.| N,glL | W,glL T, °C C, gL
1 100 600 60 74.2
2 100 600 55 67.5
3 100 600 50 60.6
4 100 600 45 54.5
5 100 1000 50 57.3
6 100 800 50 58.6
7 100 400 50 62.2
8 120 600 50 79.1
9 110 600 50 69.3
10 90 600 50 51.2

N: caustic (Na,O) concentration; W: solid content; T: temperature; C: end alumina (Al,O3
concentration,

448



TRAVAUX 54, Proceedings of the 43" International ICSOBA Conference, Nanning, 26 — 31 October 2025

*

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Reference

Li Xiao-bin et al., Research progress in theory and technology of gibbsite precipitation
from sodium aluminate solution, Chinese Journal of Nonferrous Metals, 2011, Vol.21,
Nol0

Meng Ling-li, Study on dissolution kinetics of the aluminium hydroxide in the caustic soda,
Light Metals, 2012, Vol.9 (in Chinese).

Huang Zhen-qian and Hu Nan-yuan, Physical Chemistry. Changsha: Central South
University Press, 1991:258-285

Bi Shi-wen and Yu Hai-yan, Alumina production process, Beijing: Chemical Industry
Press, 2006, 78-90

Zhang Ying et al., Preparation and Characterization of Al(OH)s; Coarse Particles by
Decomposition of Caustic Aluminate Solution with Methanol, The Chinese Journal of
Process Engineering, 2009, Vol.9, 300-305

S. Scott Fogler, Elements of Chemical Reaction Engineering, Beijing: Chemical Industry
Press, 2006, 80-141

C. Misra and E.T. White, Chemical Engineering Progress Symposium, 1970, 67(11):53

C. Misra and E.T. White, Journal of Crystal Growth, 1971, 8, 172

Bi Shi-wen, Xue Hong and Yang Yi-hong, Kinetics of decomposition of Bayer sodium
aluminate solution, The Chinese Journal of Nonferrous Metals, 1998, 8(1), 131-134

Li Xiao-bin et al., Kinetics of carbonation decomposition of sodium aluminate solution.
Chinese Journal of Nonferrous Metals, 2004, 14(5):850-853

Li Xiao-bin et al., Thermodynamics of carbonization of aluminate solution, Chinese
Journal of Nonferrous Metals, 2003, 13(4):1005-1010

Fang Jing-dong, Wu Su-fang and Wang Zhang-mao, The studies of decomposition reaction
of sodium aluminate solution, Journal of Chemical Engineering of Chinese Universities,
2002, 16(1):33- 37

I. V. Davidov et al., Optimization of temperature condition of the liquor decomposition
process, Light Metals,1976,1:173

S. Veesler and R. Boistelle, Growth kinetics of hydrargillite AI(OH)3 from caustic soda
solution, Crystal Growth, 1994, 142:177

Li Jie, Study on the structure character and decomposition mechanisms of supersaturation
of sodium aluminate solutions, Changsha, Central South University, 2002

P. Smith and G. Woods, The measurement of very low growth rates during the induction
period in aluminum hydroxide growth from Bayer liquors, TMS Light Metals, 1993:113-
117

C. Misra, Solubility of aluminum hydroxide (hydrargillite) in sodium hydroxide solutions,
Chemistry and Industry, 1970, (20):157

Li Jia-zheng, Sun Jiang-xiao and Shi Zuo-qing, Hydrogen Binding Adsorption and its
Prospect, lon Exchange and Adsorption, 2001, 17(6):561-566

Huang Jian-gou et al., A thermodynamic study on adsorption of phenols onto D301 resin.
lon Exchange and Adsorption, 2003, 19(1):37-42

Chen Xiao-hu at al., The mathematic model of the pregnant aluminate precipitation,
Journal of Guizhou University Technology, 2002, 31(5):22-24

453



	AA07 - Hydrogen Bonding Adsorption Principle in Caustic Solution of Aluminium Hydroxide
	Abstract
	1. Introduction
	2. Experiment
	2.1 Experimental Materials
	2.2 Experimental Instrument and Analysis
	2.3 Experimental Operation
	2.3.1 The Relationship Between the End Alumina Concentration and Temperature
	2.3.2 Relationship Between the End Alumina Concentration and the Amount of Solid Aluminium Hydroxide
	2.3.3 The Relationship between the End Alumina Concentration and Caustic Concentration


	3. Results and Discussion
	6. Reference




