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ABSTRACT

A new method-dry High Gradient Magnetic Separation (HGMS)—to remove iron from ultrafine kaolin

powder is described. A new kind of disperser. which breaks down the particle clusters in the powder by high

speed gas flow from an air compressor. is used to completely disperse the powders. The dispersed particles are

passed through vibrating HGMS by a vacuum pump to remove the iron. The magnetic and nonmagnetic frac-

tions are separately collected by cloth collectors. Dry HGMS laboratory experiments are carried out. A product

containing 0.90% Fe,O, was oblained. and the recovery was 70%.
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1 INTRODUCTION

Kaolin. a white aluminium silicate miner-
al. is principally employed as a filling and coat-
ing agent in producing papers. All economic-
ally significent deposits of kaolin are contain-
ted by small amounts of ferruginous minerals.
including iron oxide. anatase. rutile, siderite.
pyrite. mica and tourmaline.

Since iron contaminations are harmful to
clay brightness, they should be removed. The
methods generally used for the removal of iron
contaminants are chemical bieaning. flotation
and wet HGMS''™ . However in some facto-
ries. all kaolin processing techniques are com-
pletely dry. and wet methods are not suitable
mn these cases. Therefore. dry separation meth-
od-dry HGMS must be introduced.

In the process of dry HGMS of ultrafine
particles. there exist two serious problems. Fir-

st. the attractive electrostatic and Van Der
Waal’s forces among the particles cause sticki-
ness and formation of aggregates. thus serious-
ly affecting the selectivity of magnetic separa-
tion. Second. permanent retention of particles
in the matrix causes a decrease in metallurgical
performance and complete clogging of the sys-
tem"™ %,

To solve these two problems. a new kind
of disperser and an electromagnetic vibration
system were employed in our dry HGMS tech-
nique. Experimenial results show that a dry
HGMS technique involving a disperser and a
vibration system is effective to the purification
of kaolin clay.

2 RAW MATERIAL PROPERTIES AND
ANALYSIS

Kaolin clay samples were produced accor-
ding to the kaolin processing flowsheel shown
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in Fig. 1. A small amount of the sample was
heated in an oven at 120 T for 4 h, and its con-
stituents were analyzed. The result of typical
chemical analysis was shown in Table 1.
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Fig. 1 Kaolin processing flowshcet

Table 1  Chemical analysis of kaolin powder

constituents wil.—"n

AlO, 36.79

S10, 4518

Fe,0, 2.0

TiO, 0.75

Weight loss due to burning 15.36
K.O 0.04

Na,O 0.05

X-ray diffraction analysis of the sample
confirmed that the main mineral is kaolinite;
magnetite. hematite. siderite and anatase are
present in lesser amounts: and there are possi-
ble traces of quartz. The particle size distribu-
tions of the sample were detemined by an ima-
ge analyser and the average size was calcula-
ted to be 8.44 um.

3 EXPERIMENTAL

The flowsheet for the dry HGMS experi-
ment is illustrated in Fig. 2. Due to the high
surface tension force. ultrafine kaolin particles
absorb the moisture in air thus causing them
to stick to each other. They must be dried be-
fore entering the separater. Dried powder 1s
fed into the stainless steel pipe by 4 spiral feed-
er in which the feed rate can be controlled by
changing its rolling speed. Gas flows from an
air compressor carry the particles into the dis-
perser. The disperser follows principles similar
a jet null. It makes use of collisions between the
high speed gas-solid flows and breaks down the
particle clusters originally present in the pow-
der. Dispersed particles enter the dry HGMS
by the force from the vacuum pump. the non-
magnetic fraction passes through a matrix ca-
nister and 1s collected by cloth collector T .
When the magnet is deenergized. the magnetic
fraction is flushed out from the matrix canister
by the high speed gas and vibration system. and
then collected by cloth c‘ollector .
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1s cyclic with an electromagnetic vibration sys-
tem. Electromagnetic vibration is produced by
a coil on the canister energized with an alter-
nating current, at a frequency in the sonic
raﬁge. A vibration force is exerted on the coil
by the magnet and by the AC field in the coil.
The amplitude of vibration can be adjusted by
changing either the AC or DC field. Thus, the
vibration of the matrix propels the particles
through the matrix and assists the cleaning of
the matrix.

4 RESULTS AND DISCUSSION

Dry HGMS is influenced by a number of
variable factors. In our tests, only four factors
that have a decisive effect on the efficiency of
dry HGMS are involved. According to previ-
ous experiments, other factors are kept unch-
anged as follows:

matrnx type (mesh size / mm) (1.5x3)
filling factor of matrix 12 %

pressure of air compressor 0.2 Mpa
gas-solid flow rate in the disperser  120m /s
solid content 10 wt.—%
flushing speed 40m /s

4.1  Effect of Mugnetic Field Strengih

Conditions:
850 kg/ m'

3Im/s

matrix loading
tlow speed in the canister
vibration current A

The effect of a magnetic field on the iron
content in the nonmagnetic fraction and its
wt.—% is shown in Fig. 3.

Fig. 3 shows that with increasing magne-
tic induction. the nonmagnetic fraction (wi.
—%) and its iron content decrease. High mag-
netic field strengths are often desirable to bring
about an efficient removal of iron from kaolin
powder. But the results of the removal of iron
can be impaired by the undesirable losses of ka-
olinite due to entrainment in the magnetic fra-
ction.

4.2 Effect of Flow Speed in the Canister

Conditions:
matrix loading 850 kg / m’
vibration current 3. 0A
magnetic induction 10T

The effect of flow speed on the iron con-
tent in nonmagnetic fraction and its wt.~% is
shown in Fig. 4.
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Fig. 3 The effect of the magnetic field strength (5)
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Fig. 4 The effect of flow speed (v) on the

nonmagnetic fraction P and its iron content.
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Fig. 4 shows that the nonmagnetic frac- .
tion wt.—% and its iron content increase with
increasing gas flow speed.

4.3 Effect of Matrix Loading

Conditions:

magnetic induction 1.0T
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Vol3 Me.l
flow speed in the canister 2m/s
vibration current JA

The effects of matrix loading on wt.—% of
the nonmagnetic fraction and its iron content
are shown in Fig. 5.

Fig. 5 shows that the nonmagnetic fracti-
on wt—% and its iron content increase with
matrix loading increases. This is because the
matrix can only carry a limited amount of min-
eral particles. With matrix loading increases,
the deterioration of matrix performance is mar-

ked.
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Fig. 5 The effects of matrix (Q) loading on the
nonmagnetic fraction (/) and its iron content
|—P-0. 2—Fe,0,~Q

4.4  Effect of Vibration Current

Condition:
magnetic induction 1.0T
gas flow speed in the canister 2m/s
matrix loading 500 kg / m'

- The effect of the vibration current on the
wt.—% of the nonmagnetic fraction and its ir-
on content is shown in Fig. 6.

Fig. 6 shows that the nonmagnetic frac-
tion wt.—% increases with increasing vibration
current. In the range of 0~ 2 A, the increase of
the wt.—% is very significant while the iron
content changes only a little. This denotes that
vibration propels the particles through the ma-
trix. Under these conditions, a product with
0.90 % Fe,0, is obtained. and the recovery is
70 %.

4.5 Performance of the Disperser

As there exist particle clusters in raw kao-
lin powder. a disperser is nceded. A new type
of disperser was used in our tests. Its dispersal
principle is as follows: gas-solid flow into the
conical channel of the disperser. eject at the
Lawar jet tip and collide at the conical point.
The performance of the disperser is primarily
mfluenced by the gas pressure from an air com-
pressor and the gas speed in the disperser. In
order to examine the performance of the disper-
ser, the powder passing through the dispersor
at different pressures is photographed. Fig. 7 is
a high-speed micrograph of the powder under
0.2 MPa, v=120 m/s. The
figure shows that the disperser can break down
particle clusters. thus dispersing ultrafine parti-
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Fig, 6 The effect of vibration current (/ ) on the
nonmagnetic fraction (P) and its iron content
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Fig. 7 The high specd micrograph of processed
Powder with 7=0.2 MPa,v=120m /s
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5 CONCLUSIONS

(1) Dry HGMS technique which includes
vibration system and a new kind of disperser is
effective for the purificiation of kaolin powder:

(2) The vibration of matrix propels the par-
ticles through the matrix and assists cleaning;

(3) The disperser can break down particle
clusters and enable ultrafine powder to be com-
pletely dispersed:

(4) Under appropriate conditions, a pro-
duct containing 0.90 % Fe,O;. can be produced
from a koalin powder originally as sayed to
contain 2.2 wt.—% Fe,0,. There is a recovery
of 70 % of the iron free kaolin powder.
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