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Abstract: This paper describes the structural and surface changes in gibbsite subjected to
mechanical activation using stirred media mill. During milling, the median particle size
decreased from 52 pum to ~3 pm in 30 min indicating high milling efficiency. SEM studies
revealed that gibbsite particles, present in the feed as agglomerates of pseudohexagonal
platelets, ruptured by attrition at grain joints followed by chipping leading to further
fragmentation. During milling, progressive decrease in the intensity of (002) peak of gibbsite
in powder X-ray diffraction pattern indicated amorphisation. It was found that the presence of
hematite favoured amorphisation of gibbsite. Zeta potential and iso-electric point of gibbsite
changed during milling which is indicative of alteration of gibbsite surface.
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1. Introduction
Recently, there has been increasing impetus on the application of mechanical/

(1-3]

mechanochemical activation for developing new materials' ™' and metallurgical

processes™ . Effect of the activation as a pretreatment before leaching and also

during leaching has been investigated in processing of base metal sulphides™L—/

7] etc. Several beneficial effects of activation are reported in

titanium minerals
terms of moderation in leaching conditions, enhancement in selectivity,
improvements in metal recovery, and rheology and settling characteristics of leach
residue. Mechanical activation of bauxite ¥ improves the performance of Bayer
process of alumina production. Judicious selection of activation device in terms of

both efficacy and size is, however, critical for successful development of metal
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extraction processes. Stirred media mills, also known as attrition mill, beads mill,
etc, are ideally suited for the Bayer process applicatidn due to their high efficiency
and, more importantly, availability in large size (upto 10000 litres) and integration
prospects in the existing process practices. Gibbsite is often the dominant mineral
present in bauxite and fundamental understanding of its activation is important.
Besides mill type and milling conditions, mineral associations in bauxite also
influence the process of activation. The present paper focuses on mechanical
activation of gibbsite using stirred media mill. Structural changes in gibbsite
resulting from its interaction with hematite, a common associated mineral in the

bauxite ore, have also been investigated and the results are reported.

2. Materials & Methods

Gibbsite precipitated from Bayer’s liquor and having nearly uniform size (dso ~
52 um) has been used in this study. The milling was carried out in a Iaboratory
stirred media mill (Model: PE-075, Netzsch Feinmahitechnik GmbH, Selb,
Germany). 100 g of gibbsite was milled at ambient temperature using stainless
steel media (2 mm diameter) at an agitator speed of 1000 rpm. The solid: liquid
and ball: powder ratios (by weight) were maintained at 0.5 and ~ 20, respectively.
The milling time was varied from 0-30 minutes. The procedure used for milling
gibbsite-hematite mixture was the same as used for pure gibbsite. The amount of
hematite used in the mixture was 20%. Slurry samples were withdrawn at fixed
time intervals for characterisation.

Particle size distribution was measured using a laser diffraction based size
analyzer (Model: Master Sizer S, Malvern Instruments Ltd, U.K.). Morphology of
the particles was examined under scanning electron microscope (SEM) (Model
JEOL 840, JEOL, Japan). The X-ray powder diffraction patterns were recorded on
a Siemens diffractometer (Model: D500) using Cu-K, radiation. The degree of
amorphisation was calculated from the XRD patterns adopting the procedure
reported by Kitamura and Sennal'. Zeta potential and iso-electric points of
gibbsite suspension were measured in de-ionised water using Zeta Probe
(Colloidal Dynamics Inc, USA). The conductivity of the water used was
~20puS/cm. pH was varied using acid/alkali solutions prepared from analytical
grade reagents. All the measurements were carried out on slurries containing 10%
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solid.

3. Results and Discussion

The comminution energy (E) in a stirred media mills is defined in terms of
product of stress number (SN) and stress intensity (SI) as given below!®:

SN o nt(dso/dom)’ e (D)

SI a dGMJ pGMVt2 s (2)

where n and t are frequency and time of rotation respectively, dsp is median
particle size of the feed, dem and pgym are the diameter and density of the grinding
media respectively and v, is speed of the stirrer tip. For the same milling media
and agitator configuration,

E=E(n,t)an’t 3)

In the present study, the energy input to the mill was altered by either varying
the milling time (t) or the agitator speed (n). Physico-chemical changes in gibbsite
are expressed as a function of these variables.

Particle size distribution
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Fig. 1 Variation of size distribution of gibbsite with milling time

Fig. 1 shows the particle size distributions (PSD) of the gibbsite milled for
different durations. During milling, the median particle size (dsp) decreased from
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52 pm to ~3 pm in 30 min indicating high milling efficiency. In a ball mill, Kano
et al" had to grind a gibbsite sample (dso= 34.4pm) for 3 hours to get similar
product size. The size distribution of the feed gets altered very fast with milling.
The uni-modal size distribution in the feed changes to bimodal distribution. This
may be indicative of multiple breakage mechanisms.

—

7

Morphological studies

Fig. 2 depicts the evolution of gibbsite morphologies with milling time.
Individual particles in the feed were present as agglomerates consisting of
pseudo-hexagonal platelet-shaped crystals. The disappearance of the initial
morphology was seen during milling. Particles with platelet like structure seen
during the initial stage of milling indicated particle breakage at grain joints.
Further increase in milling time resulted in disappearance of platelets and
generation of particles having complex shapes. Similar morphological features
have also been reported by Frances et al'®. Based on extensive image analysis
studies, they concluded that the initial stage of grinding is dominated by rupture of
grain joints caused by attrition. In the later stages, chipping and the breakage of
crystallites were responsible for generation of large amounts of fine fragments.

15 min

Fig. 2 Morphological changes with milling
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Fig.3 Changes in x-ray intensity of gibbsite (002 peak)

with increasing milling time

X-ray diffraction studies

Changes occurring during stirred media milling can go beyond the realm of size
reduction. A progressive decrease in the intensity of (002) peak of gibbsite was
observed (Fig. 3) and this was used to calculate the degree of amorphisation!?.
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Fig.4 Degree of amorphisation of gibbsite with milling time for pure
gibbsite (G) and gibbsite-hematite (G+H) mixture
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Fig. 4 shows the results on degree of amorphisation of gibbsite during milling of
pure gibbsite and gibbsite-hematite mixture. During milling of pure gibbsite at
250 rpm, no significant amorphisation was observed with milling time. Nearly
50% amorphisation of pure gibbsite was observed at 1000 rpm after 30 min of
milling. Comparison of amorphisation results for pure gibbsite at 250 and 1000
_rpm suggests that mill energy (E o n’, Eq. 3) is critical to achieve amorphisation.
At 1000 rpm, higher amorphisation of gibbsite was observed during the milling of
gibbsite-hematite mixture than pure gibbsite. This indicates that the presence of
hematite favours amorphisation of gibbsite. The hardness of hematite (5-6 on
Mhos’ scale) is higher than that of gibbsite (2.5-3 on Mhos’ scale). It is likely that
the harder hematite, phase acts as a fine media resulting in increased grinding
energy (Egs. 1 and 2) and favouring amorphisation.

Zeta potential of milled slurries

Fig. 5 shows the variation of zeta potential (&-potential) of gibbsite with pH at
different milling times. Iso-electric points, that is pH corresponding to & equal to
zero, for the different milled samples are also shown in Fig. 6. An increase in
&-potential and shift of iso-electric point with milling time suggest alteration of
gibbsite surface during milling.
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Fig.5 Variation of zeta potential changes with increase in

milling time
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Fig. 6 Variation of iso-clectric point (IEP) of gibbsite

with increase in milling time

SEM studies show that the gibbsite particles undergo breakage initially through
breakage at grain joints and this was followed by chipping. During breakage at
grain joints more of flat platelet surface is exposed to the surrounding media.
Chipping which leads to the formation of finer fragments of particles involves
creation of more edge surface. Roseqvist et all’” and Hiemstra et al®” have
reported that both doubly coordinated OH groups (=Al,OH) and singly
coordinated OH groups (=AIOH) are available in gibbsite surfaces. Mostly the
basal planes (001 plane) are occupied by the =Al,OH groups, whereas =AIOH and
=Al,0H groups are equally distributed on the edge sides (100, 010, 110 planes). It
is likely that the alteration of the surface and charge generation on the gibbsite
surface is linked with breakage mechanisms; however, further studies are required
to corroborate this hypothesis. o

4. Conclusions
Major conclusions that follow from the present study are:
1 Stirred media milling of gibbsite is characterized by high efficiency vis-a-vis

ball mill.
2 The milled gibbsite shows bimodal size distribution after stirred media
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milling. Multiple mechanisms, breakage at platelets joints during initial stages
followed by chipping, are involved during milling.

3 Milling energy is critical to achieve amorphisation of gibbsite. Presence of
hematite during milling favours amorphisation of gibbsite.

4 Milling results in an increase in &-potential and shift of iso-electric point
towards lower pH value indicating alteration of gibbsite surface during milling.
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