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Abstract
Market price of industrial minerals depends on the purity of products, and increases almost exponentially with the decrease in
grade of coloring impurities. Therefore, this work was conducted to investigate the applicability of dry/wet high gradient magne-
tic separation (HGMS) and bleaching methods on the rejection rate of coloring impurities from barite ore. Experimental works
were conducted on a processing plant concentrate. Both wet and dry magnetic separation processes failed in rejection of coloring
impurities. Barite specifications especially for paint industry could not be satisfied due to the presence of coloring impurities in
smearing form in the feed, not as free particle. But, improvement in product quality was found to be higher in wet process than
that in dry one. Therefore, further cleaning of barite was applied on wet HGMS product by mineral acid (H:SO4, HCI) leaching.
Acids significantly improved the quality of barite. However, bleached product quality did not meet the specifications by sulfuric
acid leaching. On the other hand, saleable barite could be obtained by HCI bleaching at 15% HCI concentration for 15 minutes.
Beneficiation tests stated that brightness index of barite could be increased from 68.05% to 90.12% by wet HGMS followed by

HCL bleaching.

Keywords: barite, magnetic methods, bleaching, whiteness, concentrate

Introduction

Beneficiation of barite ore by physical methods
(gravity or flotation) is capable of producing high quali-
ty concentrates with 97% BaSOa grade or more (Deniz,
2000), which conforms to most stringent market spec-
ifications for the chemical and oil industries. However,
such highly pure barite concentrate might not satisfy the
product specifications especially for paint, paper and
glass industries concerning the whiteness, brightness and
yellowness indexes. Barite powder for paint production
can be classified into three groups according to BaSOa
grade, optical properties and specific gravity (Table 1).
Market price of barite power depends on its purity: mar-
ket price of purest barite power may be as high as there
to five times that paid for concentrates for break lining,
radiation-proof concrete and oil industries.

Considerable efforts have been given to remove the
coloring impurities of industrial raw materials.

In particular, ferric species, which causes orange
tint to the raw material, reduces market value of indus-
trial minerals (Yan et al., 1978). Flotation and gravity
methods are the commonly applied ones in the rejec-
tion of impurities, in which physical, chemical and
physicochemical properties of minerals are exploited
(Deniz, 2004; Groudev et al., 1978; Guimares et al.,
1987). However, these methods have been seen to be
less effective for iron removal than chemical bleaching,
which may be due to the smearing of iron impurities
on particle surface. Nowadays, high gradient magnet-

ic separation (HGMS) and bleaching processes have
gained importance in the beneficiation of industrial
minerals. Fe-containing coloring impurities have rea-
sonable magnetic susceptibility. Therefore, HGMS is
one of the most successful beneficiation methods in the
removal of coloring contaminants from industrial min-
erals (Chiesla, 2003).

Reductive dissolution of iron oxide minerals by in-
organic and organic reagents has also been investigated
by several researchers, in which basic mechanism in-
volved are reported (Blesa and Maroto, 1986; Borghi
et al., 1989; Chiarizia and Hortwiz, 1991; Dos San-
tos Afonso et al., 1990; Patermarakis and Paspaliaris,
1989; Stone and Morgan, 1987; Torres et al., 1990).
Acidic reductive leaching is one of the best known and
most widely employed chemical processes for bene-
ficiating minerals of industrial interest. Conventional
acidic bleaching is performed by means of reagents
such as sodium hypochlorite, sulfur dioxide, and so-
dium dithionite for the preparation of highly pure in-
dustrial raw material for industrial application areas in
the production of paint, ceramics, glassware, paper, etc.
Other techniques are also available such as those based
on conventional mineral acid (H2SO4 or HCI) leaching
(Conley and Lloyd, 1970; Veglio” et al., 1996).

This study was performed to increase the brightness
index of gravity circuit product of a concentrator. Re-
moval of coloring impurities was investigated by wet/
dry magnetic separation and bleaching techniques.
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Tab. 1. The optical properties and specific gravity of barite powder for paint industry

Tab. 1. Wiasciwosci optyczne i ggstos¢ proszku barytu dla pigmentow

Qualit Specific gravity, | BaSOs, Brightness Index Whiteness Index Yellowness Index
ualty g/cm? % (R457), % RY), % (YD), %
Extra 4.5 >97 >90 >94 <5
1 44 >94 >88 >92 <6
11 44 >92 >84 >90 <7
Tab. 2. The chemical compositions of pre-concentrates of shaking table using in the experimental studies
Tab. 2. Skfad chemiczny koncentratu po wstepnym wzbogacaniu na stole koncentracyjnym
Oxides | BaSO4 | FexO; MnO AbLO3 CaO SiO2 MgO Na,O K20 Loss
% 91.56 2.89 3.92 0.89 0.13 0.72 0.08 0.33 0.31 0.29

Tab. 3.Analysis of barite pre-concentrate used in this work

Tab. 3. Wyniki analizy koncentratu barytu po wstgpnym wzbogacaniu wykorzystanego do badan

Brightness (R457), %

Whiteness (RY), %

Yellowness (YD), %

Specific gravity, g/cm?

68.05

77.61

14.03

4.32

Material and methods
Material

Sample was taken from concentrate pond of shak-
ing table circuit of Bager Mining Co. in Isparta, Turkey.
Chemical composition of test sample was determined
by X-ray fluorescence (XRF) technique (Table 2). The
pre-concentrate was determined to be mainly composed
of BaSOs4, SiO2, CaO, Fe20s, and MnO. Optical prop-
erties of sample were determined by Datacolor Elrepho
SF450X photoelectric spectrophotometer (Figure 1a).
Gravimetric analysis method was applied to determine
specific gravity of sample by using Le Chatelier mea-
suring bottles. Experimental setup for specific gravity
measurement was given in Figure 1b. Characteristic
properties of test sample were given in Table 3.

Method

Boxmag Rapid HGMS magnetic separator (Figure
2a) was employed as wet magnetic separation, which
enabled the adjustment of magnetic field intensity to re-
quired value. Sample was passed through the separator,
and then, the separating box was rinsed gently. Feeding
to the separator was made manually. Nonmagnetic bar-
ite product of wet separator was filtered, dried, weight-
ed and analyzed.

Dry magnetic separation was performed by Carpco
HGMS magnetic separator (Figure 2b).Adjustment of
magnetic field intensity and feed rate was made auto-
matically.

The bleaching tests were carried out in 1 litter glass
beaker, in which mechanical stirring was applied at a
stirring speed of 400 rpm. Reactor capacity was adjust-
ed to 400 ml, containing 100 g sample. HCI and H>SOx
were used as leaching agents at ambient temperature
(about 21°C). Effects of acid concentration and leach-

ing time were investigated. After bleaching, solid was
washed thoroughly to eliminate the remaining leach
residues, HCI and H2SOs4 , and then filtered and dried.
The optical properties of bleached solid sample were
determined by Elerepho Spectrophotometer. Each test
was repeated three times and the values reported are a
mean average.

Results and discussion
Dry high gradient magnetic separation

Dry magnetic separation tests were performed ma-
nipulating the magnetic field intensity at the pre-deter-
mined optimum conditions (drum speed: 25 rpm; load-
ing capacity: 30 kg/h; gap: 27 mm). Effect of magnetic
field intensity on the brightness index was given in
Figure 3a. The results showed that coloring impurities
could partially be removed. When magnetic field inten-
sity was applied as 2 Tesla, optical properties of con-
centrate of wet magnetic separator were determined as
72.08%, 81.73% and 12.06% for brightness, whiteness
and yellowness indexes, respectively. However, mea-
sured values did not meet the specifications of paint or
paper industries. Then, dry process failed in removing
the coloring impurities of barite pre-concentrate.

Wet high gradient magnetic separation

Coloring manganese and iron oxide impurities of
barite were also tried to be rejected by wet HGMS
method. Feed pulp of barite pre-concentrate having
25% solid rate was used in the experimental works.
Effect of magnetic field intensity was observed to be
more predominant in wet separation of magnetic impu-
rities than dry process (Figure 3). Cleaner nonmagnet-
ic barite concentrate could be obtained by increasing
field intensity. Cleanest barite concentrate could be ob-
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Fig. 1. a) Elerepho Spectrophotometer b) Le Chatelier glass specific gravity measurement setup

Rys. 1. a) Elerepho Spectrofotometr b) miernik gestosci Le Chatelier ‘a

Fig. 2. a) Boxmag Rapid Laboratory HGMS b)Carpco Laboratory HGMS

Rys. 2. a) separatorm magnetyczny Boxmag Rapid Laboratory HGMS b) separator magnetyczny Carpco Laboratory HGMS

= 100 16
S g5 @
&, {14
- 90 i
g 85 } —~
5 1%
= 80 ol
= [}
% 75 | 19 8
~ 70} ®
0
3 65 o 14 &
o i —m—R450 g
ﬁ 60 | —RY - %
£ 55 —4—G >
&
.E) 50 1 1 1 1 4
o 0.0 0.5 1.0 5 2.0 2.5
Magnetic Field Intensity (Tesla)

= 100 16

S o5 | b

o {1a

- 90 |

2 g5 =

5 I {122

L]

= g0 | z

s 3

2 5| {1035

& £

w0 70 - g

: 1° 8

=; ©n —=—R450 5

§ 60 |- —e—RY 6 2

E 55 | —i—G g

2 50 . . : . 4

= 00 05 10 15 2.0 25
Magnetic Field Intensity (Tesla)

Fig. 3. Effect of magnetic field intensity on the optical properties of barite; a) dry HGMS b) wet HGMS

Rys. 3. Wplyw natgZzenia pola magnetycznego na wiasciwosci optyczne barytu; a) wzbogacanie magne-tyczne na sucho HGMS b) wzbogacanie magnety-
czne na mokro HGMS

tained by applying 1.9 Tesla in wet process, in which
case a product was obtained with 76.45% brightness
index, 83.43% whiteness index and 10.87% yellow-
ness index. However, sufficiently high brightness
index necessary for common end uses could not be
satisfied. This result was attributed to the presence of
magnetic impurities in barite sample as smeared form
on the particles.

Bleaching of barite
The bleaching test was applied on wet HGMS con-
centrate. Experiments were carried out in a mechanically

stirred 1 litter beaker at a solid rate of 25%. Effects of
concentration (5%, 10%, 15% and 20%) and type (HCI
and H2S04) of acid bleaching, and leaching time (1, 5, 15,
30 minutes) on the bleaching of barite were investigated.
During bleaching, coloring Fe-impurity was thought be
removed from barite sample according to following re-
actions releasing highly soluble ferric-compounds.

Fe20s + 3H2SO4 — Fe2(S04)3 +3H20 (1

Fe:0s + 6HCI — 2FeCls + 3H20 )
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Fig. 4. Effects of sulfuric acid concentration and stirring time on the optical properties of barite
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Figure 5. Effects of hydrochloride acid concentration and stirring time on the optical properties of barite

Rys. 5. Wplyw stezenia kwasu chlorowodorowego i czasu mieszania na wlasciwosci optyczne barytu
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Tab. 4. Analysis of barite concentrate prepared by wet HGMS followed by HCI bleaching

Tab. 4. Wyniki analizy koncentratu barytu po wzbogacaniu magnetycznym na mokro I tugowaniu HCI

Brightness (R457), % | Whiteness (RY), %

Yellowness (G), %

BaSO4, % | Specific gravity, g/cm’

90.12 94.62

5.23 97.12 4.5

Figure 4 shows the effect of sulfuric acid on the op-
tical properties (R457, RY and G) of bleached barite.
It was seen that better bleaching results were obtained
with extended leaching periods at 10% acid concentra-
tion. On the other hand, high acid concentration (15%)
was observed to be necessary in case of shorter leach-
ing times.

Sulfuric acid leaching tests showed that cleanest
barite could be obtained at 10% acid concentration with
extended leaching time. Optical analysis of bleached
barite was found as 85.95%, 87.6% and 6.75% for
brightness index (R457), whiteness index (RY) and
yellowness index (YI), respectively. Significant im-
provement in the rejection of coloring impurities was
achieved by sulfuric acid leaching as compared with
the results of magnetic separation tests. However, sale-
able product could not be obtained.

HCI bleaching results of barite sample were given
in Figure 5. High quality barite was obtained by HCI
leaching process especially by extending the leaching
period as compared with H2SO4 leaching. Acid con-
centration was found to be important leaching vari-
able. Maximum rejection of coloring impurities was
achieved with the HCI concentration of 15%. Optical
properties of bleached barite deteriorated at higher
concentrations. Leaching time was also observed to
be effective on product quality. Coloring impurities
could not be rejected sufficiently in the shorter leach-
ing times. Maximum brightness and yellowness index-
es were obtained by applying bleaching in 15% HCI
leaching medium for 15 minutes. Slight improvement

in the whiteness index of bleached barite was obtained
when leaching was applied for 30 minutes. But, bright-
ness and yellowness index values deteriorated in case
of extended leaching periods. Beneficiation tests stated
that brightness index of barite could be increased from
68.05% to 90.12% by wet HGMS followed by HCL
bleaching (Table 4).

Conclusions

This study was performed to remove coloring im-
purities of a processing plant concentrate by wet/dry
HGMS and bleaching methods. Although better re-
sults were taken from wet magnetic separation process,
magnetic coloring impurities could not sufficiently be
removed for a saleable product both by wet and dry
processes. This finding was attributed to the presence
of coloring impurities as smeared form on barite par-
ticles, not as free particles. Therefore, bleaching was
applied on the concentrate of wet HGMS process. Sig-
nificant improvement in product quality was observed
by sulfuric acid leaching at 10% acid concentration
applying leaching for 30 minutes leaching. However,
coloring impurities could not sufficiently be removed
for a saleable product. On the other hand, bleaching
by hydrochloric acid gave appreciable results: saleable
barite was observed to be obtained by applying bleach-
ing at 15% HCI concentration for 15 minutes. Benefi-
ciation tests stated that brightness index of barite could
be increased from 68.05% to 90.12% by wet HGMS
followed by HCL bleaching.

Literatura - References

lurgy, 27:339-360.

1. Blesa, M.A., Maroto, A.].G., 1986. Dissolution of metal oxides. J. Chem. Phys. 83, 757.

2. Borghi, E.B., Regazzoni, A.E., Maroto, A.].G., Blesa, M.A., 1989. Reductive dissolution of mag-
netite bysolutions containing EDTA and Fell. J. Colloid Interface Sci. 130, 2.

3. Chiarizia, R., Hortwiz, E.P., 1991. New formulations for iron oxides dissolution. Hydrometal-

4. Chiesla, A. 2003. Pratical aspacts of high gradient magnetic separation using superconducting
magnets, Physicochemical Problems of Mineral Processing, 37: 169-181.

Inzynieria Mineralna — LIPIEC - GRUDZIEN <2017> JULY - DECEMBER — Journal of the Polish Mineral Engineering Society 81



5. Conley, R.F, Lloyd, M.K., 1970. Improvement of iron leaching in clays: optimizing process-
ing parametersin sodium dithionite reduction. Ind. Eng. Chem. Process. Des. Develop. 9 (4),
595-601.

6. Deniz, V. 2000. Recovery of barite from BASER Co. barite processing plant slimes by using
MGS. GEOSOUND Sci. Technol. Bull. Earth Sci. 36: 207-212.

7. Deniz, V. 2004. Benefication by flotation of fine barite tailings of Baser Mining Co., The Pro-
ceedings of the 5th Industrial Minerals Symposium, Chamber of Mining Engineers/Turkey;,
125-129, Izmir/Turkey (in Turkish).

8. Dos Santos Afonso, M., Morando, P, Blesa, M., Banwart, S., Stumm, W., 1990. The reductive
dissolutionof oxides by ascorbate. The role of carboxylate anions in accelerating reductive dis-
solution. J. ColloidInterface Sci. 138, 1.

9. Groudeyv, S.N., Genchev, EN., Gaidarjiev, S.S., 1978. Method of biocatalytic removal of iron
from mineralraw materials. Bulgarian Patent Nr. 29063.

10. Guimares, S.J.E, De Olivera, N., De Salles, F.L., 1987. Purification of registro kaolin by mag-
neticseparation. Min. Metall. 51 (485), 13-17.

11. Patermarakis, G., Paspaliaris, Y., 1989. The leaching of iron oxides in boehmitic bauxite by
hydrochloricacid. Hydrometallurgy, 23: 77-90.

12. Stone, A.T., Morgan, J.J., 1987. Reductive dissolution of metal oxides. In: Stumm, W. (Ed.),
Aquatic SurfaceChemistry. Wiley, New York.

13. Torres, R., Blesa, M., Matijevic, E., 1990. Interaction of metal hydrous oxides with chelating
agents. J.Colloid Interface Sci. 134, 2.

14. Veglio’, E, Passariello, B., Toro, L., Marabini, A.M., 1996. Development of a bleaching process
for a kaolin f industrial interest by oxalic, ascorbic and sulphuric acids: preliminary study us-
ing statistical methodsof experimental design. Ind. Eng. Chem. Res. 35: 1680-1687.

15. Yan, L.G., Yu, Y.J., Song, S.S., Nan, H.L., Cheng, Y.L., Li, X.M., Kong, Q.W., Dai, Y.M., 1978.
Development of superconducting high gradient magnetic separator for beneficiation of kaolin
clay. Proc.2nd World Congr. Non-Metallic Minerals, Beijing, 17-20.

Wybielania koncentratow barytu po wzbogacaniu grawitacyjnym i magnetycznym

Cena rynkowa wzbogaconych mineratow zalezy od czystosci produktéw i wzrasta niemal wykladniczo wraz ze spadkiem stopnia
zabarwienia zanieczyszczeniami. Celem przedstawionych badan bylo zbadanie mozliwosci zastosowania separacji magnetycznej
prowadzonej na sucho i na mokro w separatorze wysoko gradientowym (HGMS) i metodach wybielania na szybkos¢ usuwania
zanieczyszczen barwigcych z rudy barytowej. Prace eksperymentalne zostaly przeprowadzone na koncentracie z zaktadu prze-
tworczego. Procesy separacji magnetycznej na mokro i na sucho nie doprowadzity do usuniecia zanieczyszczen barwigcych. Wy-
magania stawiane barytowi, w szczegélnosci dla przemystu farbiarskiego, nie mogly zostac zaspokojone ze wzgledu na obecnosé
zanieczyszczen barwigcych w matrycy mineraléw a nie w postaci wolnych ziaren. Stwierdzono, Ze poprawa jakosci produktu jest
wyzsza w przypadku procesu separacji magnetycznej na mokro. W zwigzku z tym dalsze oczyszczanie barytu prowadzono na
koncentracie z separacji magnetycznej HGMS na mokro przez wymywanie kwasem mineralnym (H2SOs, HCI). Kwasy znaczgco
poprawity jakos¢ barytu. Lugowanie H2SO4 bylo nieefektywne, nadajgcy si¢ do sprzedazy baryt mozna uzyskaé przez bielenie
HCl przy stezeniu 15% HCI przez 15 minut. Testy weryfikujgce wykazaly, ze wskaznik jasnosci barytu mozna zwigkszy¢ z 68,05%
do 90,12% przez wzbogacanie magnetyczne na mokro w separatorze HGMS, a nastgpnie wybielanie w HCI.

Stowa kluczowe: baryt, metody magnetyczne, bielenie, biel, koncentrat
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