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Beneficiation Experiment
by High Gradient Magnetic Separation (HGMS)
for the Talc Ores from the Yesan-Gongju-Cheongyang Area
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ABSTRACT : Several large talc deposits are distributed in the Yesan-Gongju-Cheongyang
area. Talc ores from this area are hydrothermal alteration products of serpentinite which was
originated from ultramafic rocks. They contain a lot of impurity silicates such as chlorite, mica,
and amphibole. In order to separate such iron-bearing silicates from the talc ore and thus to in-
crease the commercial value of the talc ore, the high gradient magnetic separation (HGMS)
method was applied using a high gradient magnetic separator which was manufactured in the
laboratory.

Beneficiation experiment was performed for the artificial standard mixture samples and talc
raw samples. HGMS processing shows an increase in the content of talc in concentrates and the
whiteness of the talc ores from 60.6 to 65.5 for the Daeheung talc ore, from 61.6 to 65.0 for the
Pyeongan talc ore, and from 71.2 to 74.5 for the Sinyang talc ore.

It has been experimentally confirmed that the Fe-bearing silicates can be separated from talc
ore efficiently with HGMS and that additional ultrasonic treatment improves the grade of con-
centrates, It suggests that the separation of impurity Fe-bearing silicates from low grade talc
ores by HGMS enhances the grade of talc concentrate, although the improvement of whiteness
was not so good enough. The reasons for the insufficient increment in whiteness are inferred to
be due to several factors: wide range of Fe content in chlorite, fine-intergrowth of talc and
chlorite, particle size problem, and other experimental variable parameters of HGMS.
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INTRODUCTION

Many talc deposits occur in ultramafic rocks
or magnesian carbonates in Korea. Among these,
talc ores from magnesian carbonates are of good
quality. On the other hand, the most abundant oc-
currence of talc, though very low grade, is in
ultramafic rocks. Especially, there are some large
talc deposits in the Yesan-Gongju-Cheongyang
area. Talc ores of this area are known as products
of hydrothermal alteration of serpentinite which
was originated from ultramafic rocks(Chi et. al,
1977, Woo et. al,, 1991).

Table 1 shows the characteristics of talc ores
from three representative talc mines (Daeheung,
Pyeongan, Sinyang) in this area. As shown in
Table 1, the talc ores contain a lot of impurity
minerals such as chlorite, phlogopite, amphibole,
and serpentine, etc, so they show very low values

Table 1. Characteristics of the talc ores from
three representative talc mines in the Yesan-Gongju—
Cheongyang area.

Daeheung Pyeongan Sinyang
massive, massive, banded,
Ore Form  schistose, schistose, massive
nodular nodular
Talc ++++++ +++4+++ ++++++
Chlorite ++++ ++++ +++
Phlogopite @ ++ +++ +
Tremolite ++ + +
Serpentine  + + ++
Dolomite ++ ++ +
Magnesite + + ++
Calcite + + +
Minor Smectite, Chlorite/Smectite,

Minerals Smectite/Illite, Magnetite, Chromite

of whiteness. Therefore these talc ores have been
important objects of beneficiation study.

In the present study the high gradient magnetic
separation (HGMS) method was applied to the
beneficiation of the talc ore. The main purpose of
this study is to separate the iron—bearing silicates
from talc ore, to enhance the whiteness of talc,
and ultimately to increase the commercial value
of talc ores.

Magnetic separation is an old technique for the
removal of iron and for the concentration of iron
ores. Conventional magnetic separation devices
are generally restricted to separating strongly
magnetic materials, such as iron and magnetite. A
recent advance in the technique of magnetic sepa-
ration opens the way to applying it to the
beneficiation of many minerals which are too fine
and/or weakly magnetic to be economically sep-
arable by any existing method. The new tech-
nique is known as High Gradient Magnetic Sepa-
ration (HGMS).

Since the advent of HGMS in the 1960s, the
HGMS principles have been carefully investigat-
ed both theoretically and experimentally (Wat-
son, 1975; Gerber & Birss, 1983; Obertuffer, 1973,
1974; Gerber, 1982; Kelland, 1973; Kolm, 1975).
For example Friedlaender and Takayosu (1979)
recorded the particles traces and particle build
up on single wires by video. The HGMS has been
developed, aiming at separating economically
various materials that are only weakly magnetic
and even some materials that are not magnetic at
all down to colloidal particle size.

The separation capability of HGMS depends
on numerous factors such as matrix configura-
tion, field intensity, flow velocity, particle size,
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susceptibility and density, viscosity of the field
media, magnetic field gradient and others
(Nishijima et. al, 1987). The relationships be-
tween certain factors are examined experi-men-
tally in this work.

HGMS has already been used to the purifica-
tion of kaolin (Kim et. al, 1987). Other potential
applications include the desulfurization and de-
ashing of coal, the decontamination of water, in-
dustrial waste and municipal sewage, and even
the decontamination of rivers and lakes (Kelland,
1982; Trindade and Kolm, 1973; Bahaj et. al, 1991;
Kerk et. al, 1982; de Latour, 1973; de Latour and
Kolm, 1975). Superconducting magnets will ulti-
mately be used for larger applications (Gerber,
1982; Watson and Hocking, 1975).

APPARATUS AND
EXPERIMENTAL METHOD

The principle of operation of magnetic separa-
tion devices is the interaction between magnetic
forces and competing gravitational hydrody-
namic, and interparticle forces within the magnet-
ic separator (Oberteuffer, 1974). These forces are
dependent on both the nature of the feed to be
separated as well as the character of the separa-
tion device. The nature of the feed includes its
size and magnetic susceptibility to an applied
magnetic field. The character of the magnetic sep-
aration device includes both the design and its
variable parameters, particularly the magnetic
field and the process rate. In addition, another im-
portant physical property governing magnetic
separation is the net force exerted on a magne-
tized particle by a magnetic field According to
Kolm (1975), it is proportional to three quantities:
the intensity of the magnetic field, the volume of
the particle and the gradient of the field, that is,
the difference between the intensity of the field at
one end of the particle and the intensity of the
other. HGMS is based on the local field gradients
produced by ferromagnetic matrices in external

magnetic fields.

HGMS devices capable of separating even very
weakly paramagnetic particles have been de-
signed to maximize the magnetic forces. The
HGMS used in the present study was manufac-
tured in the Mineralogical Laboratory of Seoul
National University. The schematic illustration
of the experimental setup used in this study is
shown in Fig 1. A magnet designed to produce a
strong adjustable field in the canister volume was
used. The canister contains about 5 % by volume
of ferromagnetic stainless-steel wool Although
other types of matrices are possible, filamentary
ferromagnetic materials is used for two important
reasons. First, they produce,l;rge surface areas of
high magnetic gradients along their edges. Second,
they resist compression and clumping in the ap-
plied magnetic field (Oberteuffer, 1973). The can-
ister is situated in the region of maximum field
paralleled to the axis of the magnet of solenoid
type. When the diameter of the filament (cross
section circular) is approximately 2.7 times as
large as the feed particles, the magnetic forces are
optimum (Nishijima et. al, 1987). In this work,

Feed

Water

L “7» Canister
Water %’ __—» Magnet

&

Concentrate Tailing

Fig.1. Schematic illustration of experimental
setup.
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stainless steel wool of an average diameter 90um
was chosen. The cross section of the filament is
not circular but triangular. Strong magnetic forces
produced by the high field gradients at the edges
of the filaments are effective in trapping very fine
(<44 micron) particles of even very weakly mag-
netic substances. The feed in the form of fluid was
controlled in the amount of flow with the valve
and introduced into the canister which was set in
the water-cooling system. Because of the very
large void volume of the matrix the slurry is
passed down easily through the canister while the
magnetic components are efficiently trapped. The
fluid and nonmagnetic particles pass through the
relatively open structure of the matrix as tailings.
When the matrix is saturated, the trapped materi-
als are then easily removed from the matrix by
decreasing the applied field to zero and washing
the canister. Both the processed tailing and con-
centrates were examined in mineral composition
to determine the extraction efficiency. After the
canister was washed out sufficiently, the next ex-
traction experiment was started.

Before the HGMS experiments are made, the
chemical properties of the talc raw ores were in-
vestigated. Chemical compositions of the talc raw
ores from the three representative talc mines of
the study area are shown in Table 2. Their Fe

Table 2. Chemical compositions of talc raw ores.

contents vary from 5.73 to 831 wt%, which are
much higher than those of talc ores originated
from magnesian carbonates. DH O-1, PA O-l,
and CD BLO samples were chosen for the typical
ones of Daeheung Pyeongan, and Sinyang
(Cheongdang) mines respectively and they were
used for the HGMS experiments. Fig 2 shows Fe
contents of main constituent minerals of the talc
ores, and that these minerals have very wide
range of Fe contents. As shown in Figs. 2(B), (C),
(D), the impurity silicates such as chlorite, mica,
and amphibole of the talc ores contain iron in
considerable quantities, both in the ferrous and
ferric state which substitutes for aluminum. In the
absence of the iron, these silicates are diamagnet-
ic but the iron is present in sufficient quantity to
give a paramagnetic volume susceptibility. For
example, iron-bearing kaolinite have a paramag-
netic volume susceptibility 10™* (MKS) (Watson
and Hocking 1975).

Standard samples as well as the artificial sam-
ples which have already known mineral composi-
tion were prepared for the XRD quantitative
analysis. The artificial samples are the mixture of
80 wt% standard talc and 20 wt% each impurity
silicate minerals. They were used for determining
experimentally the pertinent separating condi-
tion. The efficiency of separation on different

Daeheung Pyeongan Sinyang

DH O-1 DH-E23 PAO-1 PAO2 PAO-3 PABI5 CDBLO CDBDO CD-C2 CDC5 CD-GR
Si0. 50.59 5257 4942 4505 3451 5459 3823 33.81 4020 44.17 57.89
AlO; 355 344 471 311 1.65 2.38 9.33 0.72 0.61 7.62 091
Fe: 651 83 707 706 763 573 693 T3 659 795 597
Ti0, 012 012 013 016 001 005 002 001 000 002 00
MnO 0.11 017 0.10 022 013 008 008 005 010 0.14 006
CaO 1.91 525 1.60 459 1.53 332 1.55 006 0.56 448 1.06
MgOo 2569 2498 2692 2401 33.09 2795 31.68 34.89 34.96 27.08 2818
KO 207 012 145 035 001 003 0.06 000 000 001 001
NaO 034 001 024 0.00 000 004 0.00 000 000 0.00 0.00
PO; 010 0.0t 0.09 0.12 001 002 0.02 001 001 001 001
Ig Loss 6.46 407 806 13.14 2099 453 1129 2268 16.08 730 522
Total 9945 99.05 99.79 99.81 99.56 9922 99.19 99.54 99.11 9878 99.32
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Fig.2. Fe contents vs. Si(IV) of constituent minerals of talc ores.

currents was tested for these artificial samples.

All samples used were ground to -325 mesh.
The 10 gr portion of the ground sample was dis-
persed in 2000 ml distilled water which was con-
stantly stirred to maintain uniform density. This
slurry was passed through the separator and the
separated products were collected for further
analysis or treatment.

The enhancement of the magnetism of iron-
bearing silicates has been attempted by micro-
wave irradiation (Zavitsanos et. al, 1978; Bluhm
et. al, 1981; Ergun and Bean, 1968). Ergun and
Bean (1968) showed enhancement of the magnet-
ism of pyrite by selectively heating with micro-

waves. Though some different point of view, using
the hydrophobic and hydrophilic properties of
the constituent minerals, the experimental test for
the ultrasonic treatment effect on the bene-
ficiation by HGMS was also carried out. The ob-
jective of such performance was to make HGMS
separation more effective.

The whole experimental method is illustrated
on a flow chart in Fig 3.

RESULTS AND DISCUSSION

In order to study the magnetic and mine-
ralogical properties of the magnetically pro-
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Fig.3. Experimental method for beneficiation of
talc ores.
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cessed fractions the samples were examined
experimentally from three aspects: the capture
efficiency as a function of the applied magnetic
field, the change of mineral composition exam-
ined by XRD quantitative analysis, and the im-
provement of whiteness.

The effects of the external magnetic fields on
extraction efficiency are shown in Fig. 4. Though
the recovery of the magnetic component in-
creased with applied field and decreased with in-
creasing flow velocity, the proper current range
and flow velocity was from 20 to 30 ampere and
200ml/min, respectively on an economic point of
view. In practical application, it would be possi-
ble to extract several minerals at the same time
depending on the particle size and susceptibility.
The materials of different susceptibility can be
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Fig.4. HGMS separation of talc from the artificiaily-mixed standard samples.
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separated by stepwise changing of the magnetic
gradient of the applied field. The magnetic forces
to the particles can be controlled depending on
the size and the susceptibility by this method.

Fig 5 shows the mineral compositions of mag-
netically processed tailings and the magnetically
and ultrasonic treated tailings. As previously
mentioned, because talc as well as other impurity

(a) DH O-1 (Daeheung mine)

(B) PA O-1 (Pycongan mine)

minerals contains variable amount of iron, a large
amount of talc was included in both tailings.
However, talc in the ultrasonic treated tailings
was decreased remarkably. This indicates that
beneficiation of talc ores can be improved by ul-
trasonic treatment.

Table 3 presents the comparison of mineral
compositions between raw talc ores and concen-

(¢) CD BLO (Sinyang mine)
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Fig.5. Comparison of mineral compositions of raw ores and tailings.
Table 3. X-ray quantitative analyses of talc raw ores and concentrates.
DH O-1 PAO-1 CDBLO
Raw(%)  Concentrate(%)  Raw(%) Concentrate(%) Raw(%) Concentrate(%)
Talc . 66.7 80.7 687 846 375 572
Chlorite 11.1 89 105 86 570 40.1
Mica . 149 89 103 48 04 05
Amphlb.ole 51 0.5 00 00 00 00
Serp.entme 00 0.0 00 00 00 00
Calcite 07 02 00 00 00 00
Dolomite 14 0.8 45 08 50 2.3
Magnesite 00 00 59 1.3 00 00
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Table 4. Whiteness of talc raw ores and concen-
trates.

Daeheung Pyeongan Sinyang
(DHO1) (PAO-1) (CDBLO)
Raw Ore 606 61.1 2
Concentrate 65.5 650 74.5

trates. Talc was increased and impurity silicates
were decreased notably in HGMS processed con-
centrates. These results are conspicuously shown
in Fig 6.

Whiteness of talc ores was increased from 60.6
to 65.5 for the Daeheung talc ore, from 61.1 to 65.0
for the Pyeongan talc ore, and from 71.2 to 745
for the Sinyang talc ore (Table 4). However, as
shown in Table 4, the improvement in whiteness
was not so good as expected. The reasons for the
insufficient increment in whiteness are inferred
from several aspects.

First, the main impurity mineral lowering the
value of whiteness is the most abundant chlorite.
Chlorites in the talc ores from the study area be-
long to clinochlore (Fig 2 (B)), but they can be di-
vided into two groups: clinochlore and Fe-rich
clinochlore. Chlorites of two groups may have
different behaviors for the applied magnetic field.
In the external magnetic field Fe-rich clinochlore
is well trapped in the matrix whereas clinochlore
passes easily through the matrix. So the
clinochlore behaving in the same manner as talc
is the main factor for the low whiteness of the
HGMS processed concentrates.

Second, all of the main constituent minerals of
the talc ores have similar crystal structure. Under
the microscope they are interlayered and/or
admixtures of very fine particles. Therefore, in
order to liberate into monomineral particles the
particles should be finer.
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Finally, the trapping efficiency of even a simple
separator depends on a number of variables.
These include the external magnetic field, the su-
perficial slurry flow velocity, the amount of mate-
rial already trapped in the matrix, the nature and
geometry of the matrix, and the relative direction
of the applied magnetic field. The nature of the
slurry fluid and magnetic and physical properties
of its components will also affect the characteris-
tics of the separation. It seems that the more in-
vestigation on the relation of these variables
should be performed.

CONCLUSIONS

The applicability of high gradient magnetic
separation (HGMS) to talc ore beneficiation was
examined experimentally in this study. This mag-
netic processing increased the whiteness of the
talc ores from 60.6 to 65.5 for the Daeheung talc
ore, from 61.6 to 65.0 for the Pyeongan talc ore,
and from 71.2 to 74.5 for the Sinyang talc ore.

It has been confirmed experimentally that the
Fe-bearing silicates can be separated efficiently
with HGMS and that the additional ultrasonic
treatment could improve beneficiation of talc
ores. These results strongly suggest that Fe-bear-
ing silicates can be separated from low grade talc
ores, even though the result of the experiment for
the improvement of whiteness was not so good
enough.
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