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Effect of alumogoethite in Bayer digestion process of
high-iron gibbsitic bauxite
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Abstract: The transformation law of goethite and its effect on the alumina recovery were investigated in order to
determine the reason of low alumina recovery in Bayer digestion process of gibbsitic bauxite with high alumogoethite
content. The results show that the goethite present in this kind of bauxite has no obvious change in the digestion
temperature range of 110 °C to 240 ‘C with low alumina recovery. And alumogoethite can be transformed to hematite by
increasing digestion temperature to 260 C or adding lime of 3% of dry ores added at about 240 ‘C, and the alumina
digestion rate increases with the increase of the goethite conversion degree. Adding non-calcareous additives in the
re-digestion process of red mud containing goethite can promote the structure transformation of alumogoethite and thus
alumina almost reacts completely. The transition of alumogoethite into other forms in Bayer digestion process is
important for alumina recovery for lateritic bauxite.
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Table 1 Chemical compositions of gibbsitic bauxite with high
iron content (mass fraction, %)

Al,O3; SiO, Fe,O; TiO, CaO Na,0 MgO K,O Ig(loss)
29.46 8.73 42.53 1.73 0.056 0.043 0.28 0.48 16.69

A ALO; FJHIRT HEA 70.3%.
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Table 2 Influence of digestion conditions on Al,O; digestion rate

Spent liquor

Temperature/ 'C oy’ Olg Time/min Al O; recovery/% Relative digestion rate/%
pNaO/(gL) o
110 155.44 3.20 1.6 28.82 10 56.7 80.6
120 155.44 3.20 1.6 28.82 10 49.9 70.9
140 155.44 3.20 1.6 28.82 10 46.0 65.4
180 222.83 2.84 1.6 31.99 40 56.7 80.5
236 213.50 3.07 1.6 43.34 20 52.8 75.1
236 213.50 3.07 1.6 43.34 40 52.8 75.1
236 213.50 3.07 1.6 43.34 60 52.8 75.1
236 225.56 3.06 2.0 20.34 30 56.0 79.6

oy: Molecule ratio of Na,Oy to Al,Os; a: Predetermined o of digestion liquor; Q: Bauxite amount per 100 mL spent liquor
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Fig. 1 XRD patterns of red mud under different conditions: (a)
Digestion temperature 110°C, 10 min; (It was defined as
atmospheric pressure red mud) (b) Digestion temperature 236
C, 30 min; (c) Re-digestion of atmospheric pressure red mud,
236 °C, 30 min
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Table 3 Influence of goethite on digestion process of gibbsite

m(FeOOH)/g Time/min Al O; recovery/%
0 20 89.1
49.5 20 89.8
0 40 92.6
49.5 40 94.0

Temperature 236 °C; Spent liquor: p(Na,O,)=213.5 g/L,
04=3.07; oy/=1.6; 0=11.81 g per 100 mL spent liquor
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Fig. 2 XRD patterns of residue obtained by re-digesting
atmospheric pressure red mud at elevated temperature:
(a) Without lime; (b) Adding 3% lime (Temperature 260 C;
Spent liquor: p(Na,0,)=236.22 g/L, =3.07, Time 1 h;
0'=2.0)
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Table 4 Effect of transforming of goethite on digestion

process of Al,Oj5 at elevated temperature

Total Al,O4 Relative
Red mud o
recovery/%  digestion rate/%
Digestion at
1.64 56.7 80.6
110 C
Re-digestion at
0.98 71.02 101
260 °C
Re-digestion at
260 ‘C with 1.02 69.73 99.19

3% lime
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Table 5 Effect of additives on re-digestion process of

atmospheric pressure red mud

Al)O5 recovery Relative
- ) ) ) Total Al,O; ) )
Additive in re-digestion digestion
recovery/%
process/% rate/%
3% lime 9.06 55.26 78.61
Non-calcareous
14.42 57.89 82.34
additive
3% lime and
non-calcareous 23.07 62.15 88.41

additive

Temperature 236 C; Spent liquor: p(Na,0,)=234.1 g/L, 04=3.0;
oi'=1.6; Q(atmospheric pressure red mud)=40.34 g per100 mL

spent liquor; Additives without calcium
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Fig. 3

A

XRD patterns of residue from high pressure
re-digestion of atmospheric digestion red mud with different
additives: (a) 3% lime; (b) Non-calcareous additive; (c) 3%

lime and non-calcareous additives
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Fig. 4 FTIR spectra of bauxite, red mud and residue: (a)
Bauxite; (b) Red mud obtained by digesting bauxite at 110 C;
(c) Red mud obtained by digesting bauxite at 236 C; (d)
Residue obtained by re-digesting atmospheric pressure red mud
at 260 'C
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