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Agglomeration of fine anthracite
using oil and modified styrene

Jae-Jang Lee and Dong-Sung Jang

Abstract

Fine anthracite is very difficult to upgrade by conventional processes such as gravity con-
centration or froth flotation, because large quantities of fine coals are generated at the mining
and preparation stages and a significant portion of these fine coals are mixed with gangue mi -
nerals,

This study, therefore, was carried out for the purpose of improving recovery of low ash
clean coal, effective beneficiation of low — grade coking coal and removal of sulphur from
high — sulphur coals by employing the method of selective agglomeration using oil or polystrene
flocculants, for coals which are generally hydrophobic in nature will be extracted by using
flocculants.

Studies were performed by varying solid concentration, concetration of bridging liquid, mixing
speed and mixing time, balling speed and balling time, dispersant dosage, flocculant dosage,
pulp pH, and particle size,

The results were : when the methods of the oil agglomeration and selective flocculation were
employ ( in the two process the sample was ground to the size of —74 micron ), 1)ash content
of the agglomerated coal was 9.85, 7.83 %, 2) combustible recovery of it was 98.5%, 93.5 9%,
respectively.

It was observed in selective flocculation that polystyrene is an effective flocculant for. coal,
De—entrapment of shale fran the concentrate flocculated by mechanical agitation was necessary

for substantional reductions in final ash content.
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Table 1. Size and proximate analysis of the crushed (— 200 mesh ) concentrates. from the
heavy medium preparation plant of Dong Won coal mine.
Individual Fractions Cumulative
Size ( mesh ) Moisture Oversize |Undersize
Wee% [ o | V.M% | Ash % | F. C% | g o | Ash %
— 200 to + 270 11.6 0.4 3.6 25.9 70. 1 11.6 100 25. 9
270 to 325 10. 3 0. 37 3.4 30.5 65. 73 21.9 88. 4 28.0
325 to 400 5.8 0. 36 3.76 33.5 62. 38 27.7 78. 1 29.2
— 400 72.3 0.3 3. 87 30.3 65. 53 100 72.3 30.0
Table 2. Size and proximate analysis of the crushed concentrated from the heavy medium
preparation plant of Dong Won c¢oal mine.
Individual Fraction Cumulative
Size ( mesh ) voe - 0 - Undersi
Wt % olosgture Ve M% Ash % F, I % veg/:tze n (;JTSIZB Ash %
— 48 25.1 2.01 2.75 53.0 42. 24 25.1 100 38.8
48 to 65 14.0 1. 47 3.3 47. 5 47,73 39.1 74. 9 34.0
65 to 100 17.4 2.6 1.05 36.7 59, 65 56.5 60. 9 30. 9
100 to 150 26.4 2.35 1.92 30.0 65. 73 82.9 43.5 28. 6
150 to 200 8.8 1.6 1. 62 24. 4 72.38 91.7 17.1 26. 6
200 to 270 6.4 2.4 1.69 28.0 67, 91 98.1 8.3 29.0
270 to 320 0.4 3.2 1.99 34.0 60. 81 98.5 1.9 32.4
— 325 1.5 2.6 1.70 32.0 63. 7 100 1.5 32.0
Unit : Wt, % on the dry base
2—1—2. % B (Sodium hexametaphosphate)$ (M
. P . o HE 4 (H,S0,) % 3 wol 7
mHEol WY B b e w0 PRE RS0 B Mk gt
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cst at 20T )& Ak, 44 (Dis-
persant ) 2% H#& Junsei ®fH Calgon

A=tk (NaOH) & fEMSHe) st ot

2—2. RBHZE

Bk MRS geEo] WY MBS F
st71 918k 200mesh(T4pm) LATFE w3
(grinding) 3t EBRAKE &A%l 31.5¢%
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Figure 1. Flow sheet of agglomeration test of fine coal.
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Figure 2. Effect of pulp density on combustible recovery, yield and ash content of
the agglomerated coal .
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CONDITIONS ; bridging liquid :
Bmin, pH; 7.2, mixing r.p.m: 2000, balling r.p.m ; 500,

balling time :

diesel oil (18 %), wetting time: 2 min, mixing time : 5min,
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Figure 3. Concentration effect of diesel oil on combustible recovery, yield and ash content of

the agglomerated coal.
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Figure 4. Effect of particle size on combustible recovery, yield and ash content of

the agglomerated coal.
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CONDITIONS ; pulp density: 5% solids, bridging liquid:
diesel 0il (18%), wetting time : 2min, mixing time : 5 min,
balling time : Smin, pH :7.2, mixing r.p.m : 2000, balling

r.p.m: 500,
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Figure 9. Effect of balling time on combustible recovery, yield and ash
content of the agglomerated coal.

CONDITIONS ; pulp density: 5% solids,
diesel o0il (18%), wetting time:
pll ¢ 7.2, mixing r.p.m :

bridging liquid :
2min, mixing time: 5 min,
20080, balling r.p.m : 500,

Table 3. Result of selective agglomeration test umder optimum conditions.
Yield % Moisture % V. M % Ash 9% Recovery % F. C %
79.4 1. 02 9.6 9. 85 98. 2 79. 63
CONDITIONS : Pulp density : 7% solids,
Bridging liquid: diesel oil (18% by wt of dry coal)
wetting time : 2min, mixing time: 10min)

3 . Modified styrene 2 {5t
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mixing speed: 2000r,p., m ( with baffle plate)
balling speed : 500 r, p, m ( without baffle plate )
balling time: 5min, pH: 7.2

i

3—1—1. & ¥

F Wl MR Bkt LFE KAt &

Hiel 91X e MERPC 9K 9cross,
200m A A dolA RN kW s A
T Febat Aol BRI A Y24
KoaBe 27 12.4%, 85.6%% k. =¥l
OB g KBERS S dsiA e
A ¢ AREAM & KRSEE W 4~
6% RIS AR 8% Lk HEA



DES] W o, Zdetgel A #REE 4ol
K (70~ 100m) & ZO A2 —k PR
& % Junsei Chemical
3loled ( ZnCl,) & EER#Z A, gk 2
B2 (Float and Sink Test)< Mgt
BRLE 1.57449 gREL
1,785 3,6%, ¥

9.8 %,

Co, BmY 4

Ko el

IR

i

1,856

Table 4. Proximate analysis of the Test sample

A 6.2%% HRES A4 EMEIRE. ]
Zol A EWKHE 1,7852F 1,85604
2 45¢m(325mesh) BITE K E g5

Basted wdFm el FEAAIA RAs A
R 2 & K ER AT A T
S47et KEEE Tabled4 9} zrh

e

Samples Moisture % V.M % Ash % F,.C %
Clean coal 1. 68 2. 58 6.1 90. 29
Shale 1. 27 5 75 85. 4 7. 58
Mixtures (1 : 1) 1. 3 3.1 45 50
Unit : wt, % on the dry base
V. M : Volatite Matter
F.C : Fixed Carbon
3—1—2. & %
# Kool Y AL Table 59 Frh
Table 5. Flocculation reagents used for tests
Classification Reagents Chemical Formular Grade Source
Starch ( CgHpg050 n E.P Junsei Chemical co,
Styrene C(.;HSCH=CH2 G.R Fluka chemical co,
Flocculants -
Potassiumoleate CHgz (CHy )7 CH= CH Aldrich company, inc,
Potassium persul ~ (CHy),CO, K ¢ R Haysh chemical indus
phate K;S,04 ' (Prepared in the lab,
by emulsion polymeris-
ation )
Sodium hexametapho-| (NaPOg)g G.R Junsei chemical co,
Dispersants sphate (NaZSiOS) E. P Wakopure chemical ind-
Sodium silicate us,
Sulfuric acid H,S0, G:R Junsei chemical co,
pH regulators . )
Sodium hydraxide NaOH E.P Duksan pharmaceutical co,
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Figure 10. Flow sheet of selective flocculation tests.
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' Figure 11, Variation of ash content, combustible recovery and yield with
flocculant concentration.

CONDITIONS ; pulp density : 2 % solids, dispersant dosage :13kg/t,
wetting time: 1min, mixing time: 5min, balling time : 5 min,
pH:7.2, mixing r.p.m: 2000, balling r.p.m : 500.

3—3—2. BHER WNingel =2 8L
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Figure 12. Variation of ash content, combustible recovery and
yield with flocculant (nodified) dosage.
CONDITIONS ; pulp density : 2% solids, dispersant dosage: 2ig/t, wetting
time : Imin, mixing time: 5min, balling time : 5 min, pH:7.2, mixing r.p.m:
2000, balling r.p.m : 500,
3—3—3. FR B w2 8 ey [EEe AL 2% DlkelA A
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Figure 13. Variation of ash content, combustible recovery and yield with solids

concentration .

CONDITIONS ; dispersant dosage : 2 kg/t, modified styrene :

10kg/t, wetting time:
5 min, pH: 7.2, mixing
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Figure 14. Variation of ash content, combustible recovery and yield with pH.

CONDITIONS ; puip density : 2% solids, dispersant dosage :

2kg/t, modified styrene :
mixing time ;
balling r.p.m : 500.
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Table 6. Comperative test results by oil agglomeration and selective flocculation.

method Oil . agglomeration Selective flocculation
z?g;:p(::esh) Ash % Yield Recovery Ash % ineld Recovery
-200 9, 85 79.4 98. 2 7.83 68. 21 93,5
-325 11.10 51.5 83.5 8.23 58.6 97,2
condition Pulp density: 7% solids Pulp density :2 % solids
Bridging liquid:D. 0., 18wt% Dispersant dosage : 2kg/t
Flocculant : dosage : 10kgt
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