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Abstract: Goethite, a typical iron-containing monomineral in red mud, was synthesized under the simulated Bayer digestion 

condition during the alumina production. The effects of dissolved organic compounds including sodium formate, sodium acetate, 

sodium oxalate, sodium salicylate and disodium phthalate on the settling performance of goethite slurries were studied. The settling 

performance of the slurries was also investigated with the addition of self-made hydroxamated polyacrylamide flocculant (HCPAM). 

The adsorption mechanism of dissolved organic compounds on the goethite surfaces was studied by FT-IR and XPS, respectively. 

The results show that the addition of organic compounds lowers the settling performance of the slurries and a deterioration in settling 

performance is observed in the order of sodium oxalate > sodium salicylate (~ disodium phthalate) > sodium formate > sodium 

acetate. Moreover, HCPAM can efficiently eliminate the negative effects of sodium formate, sodium acetate and sodium oxalate on 

the settling performance of the goethite slurries, but it can only partially improve the settling performance of the goethite slurries 

containing sodium salicylate or disodium phthalate. FT-IR and XPS results show that these organic compounds are chemically 

adsorbed on the goethite surface. 
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1 Introduction 
 

Bauxite mostly consists of different aluminum 

hydrate ores which are gibbsite Al(OH)3, boehmite 

γ-AlOOH and diaspore α-AlOOH. It is accumulated with 

a number of impurities, such as the two iron oxides 

(goethite and hematite), the clay mineral kaolinite and 

small amounts of anatase TiO2. The world’s productions 

of bauxite and metallurgical alumina are correspondingly 

more than 2×108 and 8×107 t/a, in which gibbsite, 

boehmite and diaspore ores share 62%, 22% and 16%, 

respectively [1]. The production of alumina from bauxite 

requires an effective solid−liquid separation in gravity 

thickeners to generate Bayer liquors containing low 

amount of suspended solids. 

In general, the bauxite ores contain 0.1%−0.4% 

(mass fraction) organic compounds and occasionally as 

high as 0.6% [2]. The organic compounds are composed 

of a complex mixture of humates, lignin and cellulose [3]. 

On digestion of this bauxite in the Bayer process, 

50%−90% of the organic compounds may be extracted 

into the Bayer liquor as dissolved organic compounds. 

The dissolved organic compounds may be classified into 

three distinct groups [2]: humic acids, freshly extracted 

high relative molecular mass material and its initial 

degradation products with relative molecular mass 

greater than 500 (e.g., fulvic acid); intermediate 

degradation products which constitute the building 

“blocks” of the large humic molecules (e.g., aromatic 

carboxylic acids and phenolic acids); and degradation 

products with lower relative molecular mass (sodium 

formate, sodium acetate, sodium oxalate and so on). 

Dissolved organic compounds build up in the 

recirculating process liquor to concentrations determined 

by a complex interaction of inputs, outputs and reactions 

in a dynamic steady state, and the organic concentrations 

range from 0 to 40 g/L [4]. 

SWINKELS and CHOUZADJIAN [2], MALITO 

and ROBERSON [5], SCHEPERS et al [6] and LÜ et  

al [7−10] proposed that organic compounds dissolved in 

the Bayer process resulted in poorer settling performance 

of red mud. LÜ et al [7−10] proposed that the order of 

the deterioration in the settling performance is humic 

acid (~fulvic acid)> disodium terephthalate > phenol > 

sodium oxalate > sodium formate (~sodium acetate). The  
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negative effects of some organic compounds including 

fulvic or humic acids with the concentration below   

1.0 g/L and the others including sodium formate, sodium 

acetate, sodium oxalate, phenol or disodium terephthalate 

can be mitigated by the addition of flocculants, and the 

deterioration of the settling performance of red mud 

cannot be apparently eliminated by flocculants when the 

concentration of fulvic or humic acid increased to    

3.5 g/L. However, the wide variations in the species of 

red mud and dissolved organic compounds in Bayer 

liquors result in difficulties to identify the main 

influencing factors for settling performance of red mud. 

Typically, the digestion temperature for gibbsitic 

bauxite by the Bayer process is in the range from 135 to 

150 °C [11], which leaves behind red mud, containing 

predominant amount of hydration grossular, goethite and 

a bit of perovskite [12,13]. Generally, red mud with high 

content of goethite results in Bayer liquors with higher 

content of colloidal goethite and poorer settling 

performance [14,15]. Notwithstanding the wide 

variations in the species and amounts of dissolved 

organic compounds between different Bayer liquors, the 

fundamental organic compounds present in Bayer liquors 

are aliphatic and aromatic compounds with carboxylic 

groups and hydroxyl groups. On the other hand, LIU   

et al [16] found that an improvement in clarity of the 

supernatant in the goethite slurry using self-made 

hydroxamated polyacrylamide flocculant (HCPAM) was 

achieved by a chemisorption mechanism. 

In this work, monocarboxylate (sodium formate and 

sodium acetate), dicarboxylate (sodium oxalate), phenol 

containing carboxylate groups (sodium salicylate) and 

aromatic carboxylate (disodium phthalate) were chosen 

as typical dissolved organic compounds in Bayer liquors. 

Goethite was synthesized as the typical iron-containing 

monomineral in red mud under the digestion condition of 

gibbsitic bauxite. The effects of dissolved organic 

compounds in Bayer liquors on the settling performance 

of the goethite slurries were studied. The settling 

performance of the goethite slurries in the presence or 

the absence of organic compounds was also investigated 

with the addition of HCPAM. The adsorption mechanism 

of dissolved organic compounds on the surfaces of 

goethite was studied by FT-IR and XPS, respectively. 

 

2 Experimental 
 

2.1 Materials and reagents 

Goethite was prepared according to the procedure of 

CORNELL and SCHWERTMANN [17], then dried at 

60 °C for 24 h and characterized by X-ray powder 

diffraction on X-ray diffractometer (XRD, D/max 2500, 

Rigaku Corporation, Cu Kα radiation, Japan). Industrial 

grade aluminum hydroxide (w(Al(OH)3)≥99.2%) was 

purchased from Zhengzhou Light Metals Institute of 

Aluminum Corporation of China. Other reagents were of 

analytical grade. 

The synthetic goethite (α-FeOOH) was treated by a 

simulated Bayer digestion as follows: the simulative 

circulating mother liquor was prepared by NaOH and 

Al(OH)3, with alkali concentration (Nk) of 180 g/L and 

caustic ratio (k, molar ratio of Na2O to Al2O3) of 1.5. 

The synthetic goethite suspension was prepared by 

digesting the mixture of 30 g synthetic goethite and  

600 mL simulated circulating mother liquor (Nk≈180 g/L, 

k≈1.50) in an autoclave at 145−150 C for 60 min. The 

suspension was filtered, subsequently washed with 10% 

NaOH solution several times, and then dried in a vacuum 

oven at 60 °C for 24 h to obtain the dry mud. The main 

mineral of the dry mud was characterized by semi- 

quantitative analysis of XRD (Fig. 1). The dry mud was 

characterized by the surface area using nitrogen 

(Monosorb Autosorb, Quantachrome Instruments Ltd., 

USA) and the particle size distribution (Mastersizer2000, 

Malvern Instruments Ltd., UK), respectively. All the 

results are listed in Table 1. 

 

 

Fig. 1 XRD pattern of dry mud from synthetic goethite 

(JCPDS-PDF of goethite is No. 29-0713) 

 

Table 1 Properties of dry mud from synthetic goethite 

Property Value 

Surface area/(m2·g−1) 1.4 

Particle size, d10/μm 2.224 

Particle size, d50/μm 8.367 

Particle size, d90/μm 36.095 

 

Self-made hydroxamated flocculant HCPAM was 

prepared by a method described by Ref. [18] (HCPAM, 

with the intrinsic viscosity of 737 mL/g, 53% (mole 

fraction) hydroxamate groups and 15% (mole fraction) 

carboxyl groups, the contents of hydroxamate and 

carboxyl groups of HCPAM were measured by elemental 

analysis). 
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