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Abstract

- CPT column technology research for improving coal

grade -

By Kim, Woo Ram
Adv. Prof. : Han, Oh Hyung
Dept. of Energy Resource Engineering

Graduate School, Chosun University

Development of commercial technology for expansion in domestic anthracite
coal utilization is urgent due to the mass reserves of low grade anthracite in
Korea. Therefore, a series of experiments were conducted in this study to
resolve this problem using CPT column in order to check the possibility of
high—-quality production for the fine coal that is impossible to treat by dry
separation method. Particle size analysis was conducted for the sample using
disk mill and vibro screen, and preliminary experiment was conducted for +100
mesh of the product obtained through this process by batch flotation(Sub-A
type). Comparison experiment was conducted for -100 mesh and 100 x 325
mesh by each factor-specific condition applying to CPT Column. The result of
CPT column flotation by using the proper reagent confirmed through batch
flotation was ash rejection 82.49% and recovery 90.01% under the conditions of
pulp density 5%, frother temperature 26°C, Kerosene collector (200mL/ton), Pine
oil frother (1L./ton), Lime depressant (3kg/ton), air flow rate (1,400mL/ton) and
wash water (300mL/ton).
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AR, Addoel gon, Zelsletd Ade ol&d Hasudwol th(Finch
and Dobby, 1990). |59 He54< A4Wuw ggw 2o

H] 5 W (gravity separation)S =7 3&E 3 WA P8 o] H]Fxlo]E o] &3lo] F
7faES e dxbel MAS Rl 7R o] Mo RagdHo] s}

71 Jig(Fig. 2 Zol A ¥ Japsh sh
& QAR BEA7E tablesol oy AAE 29, FAE AHY AW F=
A7l JhE

z= H
o]-& il Ut} g, P ALY Z&A IFE A AHEE FHY
ko 3 o2 Bartles—Mozley H]ZA

3 m Ak sG] Wi g3 AeR Hauv iy glow HlFAW A Table
2-10l] @°F Holdrt ob FolA & = kel 7IE HIFAET] oA 3|47} ol
A 45 molst 2719 YA B FTF VhedE & g o, IFER 0% TE

< YWERH AL (-1, 2004).

Table 2-1. Results of Bartles—Mozley gravity separation for the mine wastes

Material . Feed Concentrate.
Size range Grade (%) Recovery (%) | Enrichment
Cassiterite Slimes 45%-10pm 0.36% Sn 47 6.4
Scheelite Tails 60%—-45um 0.25% WOs3 70 2.8
Wolframite 90%-100um 3.4% WOs3 92 3.1
Tantalite Tails 90%-40um 0.08% Taz0s5 68 2.5
Cassiterite Tails 80%—-50um 0.49% Sn 70 3.1
—_ 2 —_
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Fig. 2-4. Principle of corona, induction and triboelectrostatic separation.

Table 2-2. The work function of various unit elements materials.

Materials Work Material & Work
Function(eV) Compounds function(eV)

Chromium 4.50 Carbon 4.00

Copper 4.65 MoOs 4.25

Stainless Steel 4.69 Cu 4.38

Copper-Nikel Alloy 4.70 Al503 4.70

PVC 5.13 MgO 4.70

Nickel 5.22 Si0p 5.00

Aluminium 5.42 Mineral 5.40
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Table 3-1. Result of proximate analysis for raw sample

Name Proximate Analysis (%)
Volatile Dry Ash Dry Fixed carbon Dry
Raw sample 5.11 34.45 60.44
—_ 1 4 —_
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Table 3-2. Result of gross calorific value analysis for raw sample

Size Weight Fixed Carbon Gross Calorific Value
(mesh) (%) Dry (%) (Kcal/Kg)
Raw sample 100.00 60.44 4 814
+20 3.03 49.00 3,341
20 x 30 13.31 55.93 4,144
30 x 40 10.20 64.03 5,476
40 x 60 14.82 56.43 4,028
60 x 100 13.42 61.31 5,040
100 x 140 4,90 68.43 5,011
140 x 200 3.44 71.24 5,840
200 x 270 5.03 66.81 5,302
270 x 325 2.47 70.38 5,689
325 x 400 2.35 65.71 5,164
400 x 500 2.47 74.38 6,073
-500 24.56 52.45 3,905

Table 3-32 A& ol &3 o AR 4 A= &4 AA=2 7P =94 +20
mesh®} 20x30 mesh T-7Fe] F.C.¢] #9171 7F4

AgEe] FwrE Aukel wls) AetEE HA 9
vk FxEshr] wjiolw, W E Mgk wg et
100 mesh ©]3te] d= 3ol FC o] =& AL
¢l -500 mesh® 2% AEZ=3 3 EfH3GoNAN o
o] glo] F.Co 971 v o=z Algdv (AR 9 191, 2013).

Table 3-4%= Disc mill& AFE3te] A2 E3 $ Vibro Screens S 4%
z4do] gz®" F 3 (+100 mesh, -100 mesh)2] Al&ZE TA] XA E AME 5
wAAINE, +100 mesh Fitoll ZAstaz}t o= Y= 9ol oFte] m gt
7 2 Eo] e AL 1A T4 gANES gls A

Aol s AukRA 7)o H2lst7] FE 53 yum(270 mesh) ©]&te] JAE
o] A F&E =o|7] Yl vibro screend AFE3Ee] 377 AlRR JEE 2%
3Fo] 100 mesh(Dsp: 271.971 pym)ol’d Y =+37F] AHELS Denver sub-A H+
715 Ab&ske] AubRrAdol ofe A A kS glsty] 9% R Add S A
H, CPT columnell A3 A== <45z 100 x 325 mesh(Dsy: 64.451 um)
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S o2 CPT column 2§ 7FeA E20& 93 Ao nu AFS HAA A
o Egh EgA|el VEAVE 2R JEFE e ZoE dAdyol FrF Ads A
Al stk
Table 3-3. Result of wet screen analysis for raw sample
Cum.
Size Weight | F.C Assay Size Cum. F.C F.C
(mesh) (%) (Dry basis) (wm) | Under | Dist.(%) | Under(
%)
+20 3.03 49.00 (1.48) 20(850) 3.03 2.58 2.58
20 x 30 13.31 55.93 (5.75) 30(600) | 16.34 9.98 12.56
30 x 40 10.20 64.03 (6.53) 40(425) | 26.54 11.34 23.9
40 x 60 14.82 56.43 (8.36) 60(250) | 41.36 14.51 38.41
60 x 100 13.42 61.31 (8.23) | 100(149) | 54.78 14.28 52.69
100 x 140 4.90 68.43 (3.35) | 140(113) | 59.68 5.82 58.51
140 x 200 3.44 71.24 (2.45) 200(74) | 63.12 4.25 62.76
200 x 270 5.03 66.81 (3.36) 270(53) | 68.15 5.83 68.60
270 x 325 2.47 70.38 (1.74) 325(44) | 70.62 3.02 71.61
325 x 400 2.35 65.71 (1.54) 400037) | 7297 2.68 74.29
400 x 500 2.47 74.38 (1.84) 500(25) | 75.44 3.19 77.48
=500 24.56 52.45 (14.46) =25 100 22.52 100.00
Total 100.00 (57.62) 100.00

Table 3-4. Result of a wet screen analysis for raw sample

) Weight (%) ] ]
Size (mesh) +100 mesh 100 % 325 mesh Size (micron)
+100 82.48 - 100(149)
100 x 140 7.24 10.59 140(113)
140 x 200 1.09 12.51 200(74)
200 x 270 1.20 19.30 270(53)
270 x 325 - 18.05 325(44)
325 x 400 - 3.25 400(37)
400 x 500 - 6.24 500(25)
=500 7.99 30.06 -25
Total 100

Collection @ chosun
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2. B85 54

Fig. 3-12 o Alg T EAst= FE2 1982 ¢
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M
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223 Pyro-phyllite(Al:Si4010(0OH)2), Quartz(SiOs), Birnessite(NasMn4027 *
9H,0), muscovite(K(OHF»)»Al5Si5019) 5] WA3& 2 &z =i}

400
Q Q: quartz (JCPDS card No, 33-1161)
P: pyrophyllite (JCPDS card No, 25-22)
G: graphite (JCPDS card Mo, 23-65)
B: birnessite (JCPDS card Mo, 23-1046)
300 4 M: muscovite (JCPDS card Mo, 7-25)
200 4
100
0

Position [2Theta] (Copper (Cu)}

Fig. 3-1. X-ray diffraction pattern of raw sample.
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Fig. 3-2. Contact angle of raw coal ore sample
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Fig. 3-3. Batch laboratory flotation machine & concentrate and tailing pictures.
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T3 Fig. 3-42& column F471¢] HAldolgtar & 4 = EriezAte] CPT
column(coalpro column) H/d7]olth, AAZAE gl 3 & giFie x%o]
Auto control2 o] Fo{x]7] W Helst 7]3xe] 7ol 27| wjZd column
Y Foll A A FAIIFe] dojxan 7]z e} FA e H27]3]7F =ob- Com. recovery©]
Fa, oo wet 7|29 AV|E AT F o, AlHF(wash water)®] Y&
ZAspAA WMol AHFZHE Eo] FY9 Com. recovery
H AdzAdo=ZH -100 mesh2t CPT column H-417]9

T dE R 100 x 325 meshZ Y= 3 A 59 nju 23

X
to to

Concentrate

Tailing

Fig. 3-4. CPT column flotator & concentrate and tailing pictures.
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A24. CPT column %A
1. A H7Mo BE 93F

2 Ago| AFE¥ CPT column §217]% ¥|=r Eriez jitell A 712E A¥7|=2 7]
Z9] column¥-A7191 Microcel™ 3 §2}8lth. w4 Bubble generator U4l
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& 3TN, VNESY Eo] vo A £2d & Qo] Arr = vy Ak
ol AEERI =& AoE deA ok
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=

Com. recovery 8390%E& 4= T o 714 B =55 st
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Fig. 4-1. Effects of collector dosage on CPT column flotation.
(Dp : 5%, Collector : Kerosene, Frother : Pine oil (1 L/ton),
Depressant : None, Wash water : 400 ml/min, Air flow rate : 1,200 mL/min.)
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2. 71 A A7t mE I9F

e 2 pAgds Fas7] 98 EFAQU Kerosene(200
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SR ZIAA @S AAg A3 Fig. 4-
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Fig. 4-2. Effects of frother dosage on CPT column flotation.
(Dp : 5%, Collector : Kerosene 200 mL/ton, Frother : Pine oil,
Depressant : None, Wash water : 400 ml/min, Air flow rate : 1,200 mL/min.)
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Fig. 4-3. Effects of depressant dosage on CPT column flotation.
(Dp : 5%, Collector : Kerosene 200 ml/ton, Frother : Pine oil 1 L/ton,
Depressant : Lime, Wash water : 400 ml/min, Air flow rate : 1,200 mL/min.)
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4. AHFZd BE

column FAolA AHo] Hrbs Ao F9E 24T ¢ Jdoerg old u
APgas gstr] 98 ME5FEFE 0~500 mL/min. 7HA] ®gtE Fof A3
gt A3, Fig. 4-49F 2okt adolA & 7 Slxo] AFHGe] F7hEas WA
So digk Alzl&Eo] FolA Ash rejectione FAE AT Al ZS=o] 300 mL/min.
S RS 45, FCH B EAAEo] Haste AS AT o= AlHF
ol T7FstHA column WH-¢] sHaFF b o] A WA ofye} 7)ol F-3
Hol v dF g Au7hx S wro} Taillingo® &7 wWioz A}
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Fig. 4-4. Effects of wash water on CPT column flotation.
(Dp : 5%, Collector : Kerosene 200 mlL/ton, Frother : Pine oil 1 L/ton,
Depressant : Lime 3 kg/ton, Wash water, Air flow rate : 1,200 mL/min.)

_28_

Collection @ chosun



5. T7IFUF WE %

ckol A el A A5 #8389 column 4 A& A 2 ECom. recovery
o d%¥s HA= Fag A T st FUIFAE Wste] WE o
&7 94 NS 1,200 ~ 1,800 mL/min. 7HA W3tE Fo] AdL AA et
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Fig. 4-5. Effects of Air flow rate on CPT column flotation.
(Dp : 5%, Collector : Kerosene 200 ml/ton, Frother : Pine oil 1 L/ton,
Depressant : Lime 3 kg/ton, Wash water : 300 mL/min, Air flow rate).
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6. BAFxo WE IF

3 ~ 10 % 7tA Wsts

A, Fig. 4-63 #Zo] FdFsrrt F71e+5 Com.
recoveryv o /tstti7b fAstgow, FdFErrt 5 %E 24T HF Ash
rejection®} F.C, Com. recovery’} EF A3tES 23ttt ol= nHe WA
Eo] WA B = JFl(aggregation)d o] A E o] EpA ] F2 P 7]xE}
o] Hz27]38| 5 whefsly] wlit o2 Al ETh dH X Ao Al Ash rejection 80.59
%, Com. recovery 83.36 %<9 A& A& F AJY FYFs% 5 %7 AHdx21o
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Fig. 4-6. Effects of Pulp Density on CPT column flotation.
(Dp, Collector : Kerosene 200 mL/ton, Frother : Pine oil 1 L/ton, Depressant :
Lime 3 kg/ton, Wash water : 300 mL/min, Air flow rate : 1,400 mL/min).
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Fig. 4-7. Effects of Collector tamperature on CPT column flotation.
(Dp : 5%, Collector : Kerosene 200 mlL/ton, Frother : Pine oil 1 L/ton,
Depressant : Lime 3 kg/ton, Wash water : 300 mL/min, Air flow rate : 1,400

mL/min, Collector tamperature).
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Fig. 4-8. Effects of frother tamperature on CPT column flotation.
(Dp : 5%, Collector : Kerosene 200 mlL/ton, Frother : Pine oil 1 L/ton,
Depressant : Lime 3 kg/ton, Wash water : 300 mL/min, Air flow rate : 1,400

mL/min, Collector tamperature).
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o AYPE Ed= Y HHxAdS 483t CPT columndl HE3 Y=z
2z 100 x 325 mesh AlE& YEZFH T -100 mesh A5 AEEgyE v
st7] 9l AdES AAstAT. 1 A3 Fig. 4-93 #Zo] = -%to] F& 100 x
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Fig. 4-9. Optimum factor on CPT column flotation
(Dp : 5%, Collector : Kerosene 200 mL/ton, Frother : Pine oil 1 L/ton,
Depressant : Lime 3 kg/ton, Wash water : 300 mL/min, Air flow rate : 1,400

mL/min.).
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