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Effect of surface property of
main minerals in red mud on their sedimentation ability
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Abstract: The contact angles of glycerol, benzene and diiodomethane on the main minerals in red mud from alumina
production were measured, and the corresponding surface free energy values were estimated by Owens two liquids
method. And then, the relationship between the sedimentation ability of the minerals and their surfacial properties was
discussed. Further, the reason for the sedimentation ability of goethite getting worse after high-pressure treatment was
also discussed. The results show that the solvent tendency reduces in the following order: hydration garnet, dicalcium
silicate, sodium alumino-silicate hydrate (DSP), calcium titanate, goethite, hematite and limestone, while the
sedimentation ability tendency is reverse. Less solvent tendency improves their sedimentation. In addition, the
sedimentation ability of fresh hematite deteriorates due to the thinning in grain size and the decrease in solvent tendency
when goethite changes into hematite in aluminate solution at high pressure.
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Table 1 Grain size distribution of main minerals in red mud

Accumulative Grain size/pm
particle distribution [ imestone  Goethite ~ Hematite  Dicalcium silicate ~ Calcium titanate ~ DSP Hydration garnet
Dy, 8.07 12.35 0.82 14.64 4.80 12.78 8.39
D5 5.20 7.93 0.73 12.60 3.77 8.63 6.16
Dy, 2.59 4.05 0.62 7.55 2.48 5.08 4.09
Dys 1.06 1.07 0.54 3.22 1.29 2.47 1.79
Dy 0.72 0.67 0.46 0.82 0.54 1.16 0.88
Dy 3.59 5.92 0.63 7.64 2.60 6.13 4.37

1) D19, Das, Dso, D75, Doy and Ds are average particles sizes in mass; D 3—Average particle size in volume.
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Table 2 Average contact angle of text liquids on main minerals of red mud

Average contact angle/(°)

Tested liquid
Goethite Hematite DSP Hydration garnet ~ Calcium titanate =~ Limestone Dicalcium silicate
Glycerol 32.78 43.34 28.18 28.26 27.8 42.92 28
Benzene 9.27 15.24 7.95 9.31 10.36 13.38 14.30
Diiodomethane 11.27 12.93 17.93 23.76 12.51 10.41 18.26
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Table 3 Surface free energy of tested liquids

Tested 7/ ro/ v/

P D :

.. / Polarit

liquid  (MN'm™) (mN'm™) (mN'm ) L 4
Glycerol  26.4 37.5 63.9 0.71 Polar
Benzene 0 2886 28.86 0 Non-
polar

Diiodo- ) 5 485 508 005 @ Now
methane polar
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Table 4 Calculated surface free energy from glycerol-

benzene analysis results

Mineral 7SD/71 s/ 4 rs s 7s! 4
(mN'm ') (mN'm ) (mN'm ")
Goethite 28.48 25.86 0.91 54.34
Hematite 27.85 19.81 0.71 47.66
DSP 28.58 28.38 1.00 56.96

Hydration garnet 28.48 28.46 1.00 56.94
Calcium titanate 28.39 28.82 1.00 57.21
Limestone 28.08 19.86 0.71 47.94
Dicalcium silicate ~ 27.97 29.22 1.04 57.19
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Table 5 Surface free energy from glycerol-diiodomethane = — Limestone
analysis results 12{_ ¢ — Goethite
1 4 — Hematite
D/ Py / v — Dicalcium silicate
Mineral 7s B 7s L 7slys Vs . 10 «— Calcium titanate
(mN'm ') (mNm ) (mN'm ") » — DSP
) £ 8 + — Hydration garnet
Goethite 40.83 14.67 0.36 55.50 3
=
Hematite 43.13 8.49 0.20 51.62 6
DSP 38.08 18.87 0.50 56.95 4
Hydration garnet 35.93 20.71 0.58 56.64 5 —3
Calcium titanate 39.54 17.85 0.45 57.39
Limestone 43.59 8.43 0.19  52.02 0 5 10 15 20
o - t/min
Dicalcium silicate ~ 37.94 19.07 0.50 57.01 1 R0 T T K
Fig. 1 Sedimentation data of main minerals in red mud
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(Concentration of sodium aluminate solution: p(AO)=180 g/L,
o=1.45)
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Fig. 2 XRD patterns of products from goethite treated at
different temperature treatments: (a) 950 ‘C, 30 min, goethite;
(b) 260 °C, 60 min, goethite; (c) 260 C, 60 min, hematite
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Fig. 3 SEM images of products from goethite (a) and hematite
(b) treated at 260 °C, 60 min

i E P 5 A2 PSR AR RAT A AR 22 A/ INRRE, T
B TR BN e AR BE S TR, hy BCRFURE F B
Rk, A5 TR

FEAHITFE A H- bR — R e SRR &
YRS AR BE S PP R i e AR B 74 2 )
Bef Ay LLL VH SR T A b RERICHE Wik 6 sl

Fo6 A FEAF T S PRI A bR
Table 6 Surface free energy of products from goethite treated

at different temperature

Contact angle/(°
Solid gle/C”)

Glycerol Diiodomethane
Goethite 32.78 11.27
Product from goethite
at 950 C, 30 min 34.22 18.21
Product from goethite 26.37 12.65

at 260 C, 60 min

Data of surface free energy/(mJ-m 2)

Solid yé)/ yé)/ y2/yD 7s/
(mN'm™") (mN'-m™") TS (mN'm™)
Goethite 40.83 14.67 0.36 55.50

Product from goethite
at 950 C, 30 min

Product from goethite
at 260 C, 60 min

39.23 15.17 0.39 5440

39.24 18.69 0.48  57.93
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