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Abstract

Study for improving Grade of Domestic Coal

by Flotation

By Kim, Min Gyu
Adv. Prof. : Han, Oh Hyung
Dept. of Energy Resource Engineering

Graduate School, Chosun University

In order to recover clean coal and reduce the ash content in low-grade coal,
flotation experiments were carried out. Three kinds of coal samples were
collected from domestic coal mine sites, and were measured according to
particle size distribution analysis and an industrial analysis as a preliminary
step. These coal samples were also investigated using XRD, SEM, contact angle
and Zeta potential. As a result of the XRD analysis, muscovite, pyrophyllite,
quartz, graphite, and birnessite were identified in the coal samples, and it is
confirmed that the Si and Al can not be liberated from the coal samples
according to SEM analysis. To identify the optimum conditions for conditioning
reagents(collector, frother, depressant), a general flotation experiment was
carried out. The obtained conditions from the general flotation experiment were
again applied in the CPT(Canadian process Technologies) column and in a
Microcel™ column flotation test. According to the results from the flotation
test, the ash rejection and combustible recovery were enhanced to 81.23% and
84.90%, respectively. The results of the flotation tests showed that the best
enhancement rate parameters were when the pulp density was 3.09, the
collector content was 200mL/ton(DMU 101), frother content was 30L/ton(MIBC),
the depressant content was 3.0 kg/ton(SMP) and the air flow rate was

1,200mL/min. It is suggest that the results of the flotation experiment conditions
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was to enhance the utilization of low—grade domestic coal and to up grade the

coal quality, and finally to reduced air pollution.
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v

Table 3-1. Result of proximate analysis for raw sample of Jeil mining station

Name Proximate Analysis (%)
Volatile Dry Ash Dry Fixed carbon Dry
Raw sample 5.34 73.98 20.68

Table 3-2. Result of gross calorific value analysis for raw sample of Jeil

mining station

Size Weight Fixed Carbon Gross Calorific Value
(mesh) (%) Dry(%) (Kcal/Kg)
Raw sample 100.00 20.68 1,560
-30 36.46 34.16 2,730
+30 63.54 13.97 1,110
5 x 10 22.75 14.05 1,860
35 x5 9.09 13.82 990
+3.5 8.21 9.09 560
_ 9 _
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Table 3-3& 9 5% Disk milsh Mg 2478 Agste] 5 24 F A2
ol gte] w4 YR BAW A, A DepS 78257 m ol
+30 mesh T7E9] F.CO E9I7F Be 0@ ehguh o] WAy

ins

M=
of & AAA kol YA Mwa cheF PES] wEoln, wlx Mee u$
FEok vkol AA $AAY] Wi WA vige ool A5 F.C Gl ¥
e Ae A 5 Ay

Table 3-3. The result of a wet screen analysis for raw sample of Jeil mining

station (Dso : 78.257 ym)
Size Weight | F.C Assay Size Cum. F.C Cum. F.C
(mesh) (%) (um) | Under | Dist.(%) | Under(%)
-500 9.74 29.27 (2.85) =25 100.00 13.69 100.00
400 = 500 5.44 40.97 (2.23) 500(25) 90.27 10.71 86.31
325 * 400 5.13 36.44 (1.87) 400(37) 84.83 8.98 75.60
270 = 325 1.54 47.89 (0.74) 325(43) 97.70 3.54 66.62
200 = 270 0.67 40.84 (0.27) 270(53) 78.16 1.31 63.08
140 = 200 0.13 38.90 (0.05) 200(74) 77.49 0.24 61.76
100 = 140 1.63 33.29 (0.54) | 140(113) | 77.36 2.61 61.52
60 * 100 0.74 33.67 (0.25) | 100(147) | 75.73 1.20 58.91
30 * 60 11.45 29.23 (3.35) 60(246) 74.99 16.08 57.71
10 = 30 23.49 14.75 (3.46) 30(600) 63.54 16.65 41.63
5% 10 22.75 14.05 (3.20) | 10(1,651) | 40.05 15.36 24.98
35 %5 9.09 13.82 (1.26) | 5(3,962) 17.30 6.04 9.62
+3.5 8.21 9.09 (0.75) | 3.5(5,613) | 821 3.59 3.59
Total 100.00 (20.81) 100.00
— 10 —
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Table 3-4. Result of proximate analysis for raw sample of Hwa-soon mining

station
Proximate Analysis (%)
Name . .
Volatile Dry Ash Dry Fixed carbon Dry

Raw sample 6.31 37.56 56.12

Table 3-5. The result of a wet screen analysis for raw sample of Hwa-soon
mining station (Dso : 81.558 m)
Size Weight | F.C Assay Size Cum. F.C Cum. F. C
(mesh) (%) (Dry basis) (um) | Under | Dist.(%) | Under(%)
+60 34.76 50.60 (17.59) | 60(250) | 34.76 32.54 32.54

60 * 100 11.68 55.54 (6.49) | 100(149) | 46.44 12.00 4454

100 * 140 7.18 58.73 (4.22) | 140(113) | 53.62 7.80 52.34

140 * 200 5.36 59.24 (3.18) 200(74) | 58.98 5.87 58.21

200 * 270 4.59 58.91 (2.70) 270(53) | 63.57 5.00 63.21

270 * 325 1.13 60.77 (0.69) 325(44) | 64.70 1.27 64.48

325 * 400 2.44 59.30 (1.45) 400(37) | 67.14 2.68 67.16

400 = 500 3.61 60.72 (2.19) 500(25) | 70.75 4.05 71.21

-500 29.25 53.19 (15.56) -25 100 28.78 100
Total 100.00 (54.06) 100.00

Table 3-5= A& <& d A5 F4 A= £423%=, viHdd D=
81558 mm oo YA +60 mesh *+7He] F.CY #9471 714 ve Ao=
g At ol= WAF= o] F=rt Ado] vs) Adstew f4A 3 24 HA &
of =gAo] WAo] vuwH vhF EXEsty] ujolw wiilz AEe ulg Zwvt

=

ofsll Al ¥ 7] wZel 100 mesh olste] &= 3ol F.C o] =2 As
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-500 mesh T7t& AQj g ymx] F3ko] WA gFo] Z xfo|7} glo] A9 H=EE
& 4= Atk g +100 mesh 77+ -500 mesh 3+ 2HES wa Ado] o & A
wEldhe Avte =z s METE 4000 keal/kg oS
AA B FARZE 64%0]7d2 AA SRR a9 A

o] Hads Al

o
tlo

ZIEERISRSEE =

QB A

Table 3-6. Result of Gross Calorific Value analysis for raw sample of Hwa—soon

mining station

Size Weight | Fixed Carbon (%) | Gross Calorific Value (kcal/kg)
(mesh) (%) (Dry basis) (Dry basis)
Raw sample | 100.00 55.52 3,694
+60 34.77 50.60 2,972
60 = 100 11.68 55.54 3,695
100 = 140 7.18 58.73 4,189
140 = 200 5.36 59.24 4,429
200 = 270 459 58.91 4,608
270 = 325 1.13 60.77 4,696
325 = 400 2.44 59.30 4,482
400 = 500 3.61 60.72 4,623
-500 29.25 53.19 3,458

E AFdAE 5 5A4S FRlsta dukRfAdT A Hestr] P& 53 m
(270 mesh) o]3te] Y& A E&S ¥0]7] 9lste] Vibro Screens Al-&-31o
Al T3] AR JEE 243t +100 m
A7) 5 AMEEte] ANk A S Bet du A
°of 9% AHEL 100 x 325 mesh

3 a8
columnel] A-&3te] =714 71 AFS HAASAT. T3 -325 mesh Al5E

= e
—_
(@]
(@)
X
W
N
(@)
=
D
147)
=
-
=
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4. AF B v

Al 1A Alse T AE B3l A= FAES 13 Screening @ Aol 4] &
gk -20 mmAtE ¥ Jaw crusheroll 9@ I ¢ AHES A st 42 -20 mm
AES £ As(olst 9 Asd FHE 22 F 2 TS F8 +100,
100x325, -325 mesh 377t 2 Y= FAslo] AFE3SFTE Table 3-72 ¥ A 59
THEA ARE UEd Bor 4 A SRS AYEd g9 aTt 57.39% 02

W 3% 3811%, 39 4.49%2 LbEbyt

Table 3-7. Result of proximate analysis for raw sample of Gyeongdong mining

station
Proximate Analysis (%)
Name . .
Volatile Dry Ash Dry Fixed carbon Dry
Raw sample 4.49 38.11 57.39

Table 3-8. The result of a wet screen analysis for raw sample of Gyeongdong

mining station

Size Weight | F.C Assay Size Cum. F.C Cum. F.C
(mesh) (%) (Dry basis) (m) Under | Dist.(%) | Under(%)
+3.5 18.47 3883 (7.17) | 3.5(5660) | 18.47 12.96 12.96
35 x5 4.99 40.55 (2.02) 5(4000) 23.46 3.66 16.62
5% 10 14.09 52.03 (7.33) 10(1780) 37.55 13.25 29.87
10 = 30 20.66 59.68 (12.33) | 30(600) 58.21 22.28 52.15
30 * 60 12.25 65.55 (8.03) 60(250) 70.46 14.51 66.66
60 * 100 4.95 69.55 (3.44) 100(149) 75.41 6.22 72.89
100 * 140 3.37 60.60 (2.24) 140(113) 78.78 4.06 76.94
140 = 200 2.31 66.89 (1.55) 200(74) 81.09 2.79 79.74
200 = 270 2.69 65.10 (1.75) 270(53) 83.78 3.17 82.90
270 = 325 0.82 66.91 (0.55) 325(44) 84.60 0.99 83.89
325 = 400 1.48 67.17 (0.99) 400(37) 86.07 1.78 85.68
400 = 500 1.46 64.78 (0.95) 500(25) 87.54 1.72 87.40
-500 12.46 55.95 (6.97) -25 100 12.60 100

Total 100.00 (55.33) 100.00

Z el +30 mesh

Table 3-8¢ AE o8& U Ao #4 Y= %9
ATk o= WA BT FEI} A

TRke] F.Col #917F 7HE w2 Aoz sl
— 13 —
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of vl Zstm = A 3 B ¥ ol P HluA v FEE7] uiLol
A 7] wEol 100 mesh °]dte] 4=
At skA, 7hd ml €l -500 meshe] 73
AR HEZEI 3 EfAAolM dF 3} EfE WA FEo] £ o] F
o FR7F & Ao r AtRdHh
Table 3-92 Disc mill& AF&3te] 238k § Vibro Screens &3] 9
o] &2 A 7k (+100 mesh, 100 x 325 mesh, —-325 mesh)8] A5 & Tt}A|
Al E AR, 54 9% EAEAE, WY Dy +100 mesh HiFo] 271.971
wm, 100 x 325 mesh7-7Fo] 64.451 mm, -325 mesh 7S 8478 mo] At 18]aL
+100 mesh®} 100 x 325 mesh T-3tell ZA3stuA d= d= Qo <fzte] n @zt
7F E3E ] A= AL A A dAYS FdskA
X

&S Denver sub-A FRAE7IE AREste] ARk

g
I,
=
fru
X
au}

o
£
o
ol
o
N
4
12
[0

.

o

@)

H

=

AN

FH

+100 mesh T3+ He &3
A H| A3 S A ]’;\Q‘ﬂ, 100 x 325 mesh 7714 Y% A= 100 x 325 mesh
Ax WY =& MAEEES z2r= CPT columnol 2 §3te] =14 H71g A3
S 2SR T3 325 mesh AlEE o2 Microcel™ columng o] 83}
A sl 4ol e g AHS AN

Table 3-9. The result of a wet screen analysis for raw sample of Gyeongdong

mining station

Size Weight (%) Size
(mesh) +100 mesh 100 x 325 mesh -325 mesh (micron)

+60 41.2 - - 60(250)
60 * 100 48.87 0.06 - 100(149)
100 = 140 7.18 16 - 140(113)
140 = 200 0.22 17.92 - 200(74)
200 = 270 0.06 18.98 - 270(53)
270 = 325 0.07 18.66 0.76 325(44)
325 * 400 0.4 497 2.61 400(37)
400 = 500 0.01 6.95 12.19 500(25)

=500 2 16.48 84.93 =25

Total 100

_ 14 _
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Ag
$1% XRD #4

7h, Ad(AR)BHLE 79
= A=Y tHES
quartz(SiOy),

Aet Fo EA 5=
21 A3} muscovite(K(OHF2)2Al3S13010),
._o] J/I—XLE]O']]:]_

A3E YEeRd Aot &4
birnessite(NasMn14027-9H20), pyro—phyllite(AlzSisO10(OH)2)

Fig. 3-1& Ad34dxr9 H

ol A ES

Fig. 3-1. X-ray diffraction pattern of raw sample from Jeil mining station.

A &2

mapping A ¥t} i

Fig. 3-2& ¢ Al5¢ SEM % Hf4#d
2 ueson, 2 g4AE 9% FAd A, Sish Al Aboje] wA C7h E
ol wARE s} 91X e Uz EART Aee &+ A

— 15 —
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Si

Fig. 3-2. SEM micrograph & Element mapping of Jeil mining station raw

sample.

_16_
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Y. eFds Fag

Fig. 3-32 & Alg Fo &A3E FES +HS s XRD 244315 Yed
ZAoltk, EAXAF  Kaolinite(AlLSi:O5 OH)4),  Muscovite(K(OHF3)2A13Si3010)
Quartz(SiOg), 5 0] FZEAT. A, A o AAdE AshibE Eolx XRD
2=~ 0o]lo])

IR AN

BEA3 A3y Fig. 3-43 9 F2 quartz(SiOg)FFo] H & peaks ## &

.

Fig. 3-3. X-ray diffraction pattern of raw sample from Hwa-soon mining

station.

Fig. 3-4. X-ray diffraction pattern of ash.
_ 17 _
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Table 3-10. Result of Chemical analysis for raw sample of Hwa—soon mining

station
N Chemical Component (%)
amne Si0, Al,O, Fe, O, CaO MgO K,0
Raw sample 50.28 32.15 4.99 1.85 5.59 4.25

Table 3-102 9 Alze EA8t= S48 F=<] st 4745 vehd 2
02 Si0,9 Al,0,9 FFol 82% ooz ity BEEol F& 2

S
¥4 mapping 23 Fig. 3-53 ¢ dF&o] &

& & Aol B3 SEM 3
2ARoR ojFo A& & F dfden, T dAE AT FAd A, i

Al Apelell &4 C7F EAlEtaL glel ¢hd @ dA R st {4 o2 dHE EAsta

Si Al

Fig. 3-5. SEM micrograph & Element mapping of Hwa-soon mining station

raw ample.
_ 1 8 _
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4. AF B v

Fig. 3-62 4% & 5 T SAste WARES gt 9 XRD &4
A= vekd  Aoltl, EX A} Pyrophyllite(AlSisO10(OH)2),  Quartz(SiOs),
Birnessite(Na;Mn40z * 9H,0) so] WA F== #zEArt i o A5 SEM
2 4 mapping 2 Fig. 3-73 2t o] 2719 A R(ALdFA A9 sdd
A9 FAR ARS8 B PR gifdo] dAAgRoR oFozl As & F
uNew, Sigk Al Atolel A C7F EAstar lo] bk WA et ¥4 2

FHE S48 eSSl

ofd

Al

A

800 :
Q: quartz{JCPDS card No, 33-1161) .
P: pyrophyllite(JCPDS card No, 25-22) o
600 A : graphite{JCPDS card No. 23-65)
o B: birnessite(JCPDS card No. 23-1046)
3 o
S 40 5
P B
200 1
0 IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

5 10 15 20 25 30 35 40 45 50 %5 60 66 /0 75 80 8 N0
Position[°® 2Theta] (Copper(Cu))

Fig. 3-6. X-ray diffraction pattern of raw sample from Gyeongdong mining

station.
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Si Al

Fig. 3-7. SEM micrograph & Element mapping of Gyeongdong mining station

raw ample
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Uk ARl e (wettability) %, 44 254 FA57] fAstel F
WY FAwe ; = w2 A

4-3to] pH ¥ (pH 5,7,9) ] , 1°2 H=7ro] 714
Z AL FJ F Ao B A AbgE = ¥4 DMU-101S 1 ppm #

Z}
1
7beta G A, 6333°% A&zt S Flaqd. @9, B ATelA A
[e) o

=g
8 B FEERE AHESGon, pHYb o 6824 WEe 24 glo] AgHA

a- (L) 160 1} ] i L I ‘j' i »{l: m M -------
Conlact dngeliver. R 5 s Contact AnglefAver. - .8.3..33:I§!.E
SRT (pH T} Left Ariglldegres) '51,724350 (DMU-1011ppm &1) Lelt Angleldeqgree] 63331810

Right Angle]degres] B33M610
Height fiom Top ta £ 0.762200
Base Line Length[m 2472000
Base Areafmm”2) 4799398
Diop Yolume]ul 2174292
Wetting Energy{mh, REMIR
Spreding Coneffci 40129673
Work of Adhesior(r 105474297

Ripdngedegee] 5172480 O3
Height rom Top o | 060 3
Buslieletln 26850 [
Base A7 5160
D Vohamel] 7801
WettrgEnmgfll,  450856%
SpedngConelics 2770489
Worko it 117655559

Fig. 3-8. Contact angle of raw coal ore sample
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4. A EtA 9 53

1248E 27] 915tel Alg
o FRFE RAWNZ AL

7

o
oF

el
Hlo

i

gl

b

[e))]
AN

o,

‘/"F‘
Aeras =4

o)
=

9l Fig. 3-92 w4

A AT

[e)

9 24

%

A

A

R

o

A3 pH 3914 &

?l_

bt T

=7

100 mL/ton

KoN
=

DMU-101

2{Ceylon), 4.2(Burrowdale)

Graphite

(AW} enusiod e167

R g 3

14

12

10

e

12

10

L

2 f 8 g
(Aw) prusiod ejez

pH
distilled water
+ DMU-101 (100 mL/ton)

pH
distilled water

Fig. 3-9. Zeta potential of raw coal ore sample.
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A2d AFEE

2 AFNAE d= 54 Fan Fadge] Agst] s AP AN 24 9
B4 FAL Fal +100, 100 x 325, -325 mesh 37FOR QI 2] A&
AWEE G AR 7oA A glslr] FE 53 moldte] PAEL M &S Eo|r

]
vibro screens Al&3&te] Al F7re] A EZ AEE 243t 100 meshol F3F AHE

Jm
ol

o

sl

S ARAVIE AHEEe] dHAdE e AAsgler 100 x 325 meshT7ke] YE= o]
oA & MEFTES 2= CPT columno] AE3te] d&Ho AL AA35
w3k 325 meshol A 85 2 Microcel ™ column A7) o] &3t AHAS 2
Al Bkt

m el Aete]l M-S 98] CPT column 43 Microcel™ column 4S8 28
sl7]e <A m = Metso ike] Denver Sub-A¥ FA7]E o] &3 UnkRrx A3s
S EFA, 71EA, ijﬂxﬂﬂ] e AAxz0S gdsiat. Adx0e ugkEe
£ 1,200 rpme = nAZ 5 474 celldl FH(Dp: 20%) eS| AlEE 5EFF wyt
5, EFAE @7}3}01 3%, Z|ZAE H7bste] 283 wnkatglon FUE Tt
o 1568 WA 2023t F At=S 3]sttt

u A oA AL z}z——;—% Ed&Z CPT column #A7]& o]&3to] 7|24, x5

A, oA A R AR, TAFAY, THF Asel mE AP AN
™ a
[

= Sk 12 (A1) A 3 A A (cleaning) 8 5l

e Wel Ags Fole 288 =&Y =3 34d AR Fv= 106 T

o] AxVIAA ek 24X+ AFA 17152
et

ASTM 5142 F+Al ol&] i1

b
%21 Microcel " column H-417]

;
>,
il
il
4
o
o
fru

H
e
Mo
_]>'

o
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A & 9)

Aol AHgE AR FExde A8 Ad =AU FEedALFE

PANalytica i 9] X’poertPRO MPD& XAl 3] A& (X-ray diffraction)

tlo

>
>
ol
30

W EAE 21357 $d Malvern jilk ] Zetasizer Nano
sto]l AEFA 9], SEO jik2] Phoenix 3005 °]&3to] HE72bS 7+

EL ARE FAStE T8 d4E B4 fste] SEAAAdAT ol 4
240

< 9 F 3k Shimadzu it 9] MXF-24008 Al-&3te] XRF #£41S AAlstglen, 3
TAEE Felsy] 98 Malvern jike] MASTERSIZER 2000 Al&-3le] &=t
A& AAE T

s 58 FA%ESs Fdsty] flstel LECO ke TGA-701 229 &
A7 5 o] &3le] A TA(fixed carbon) &S FHsFATE A Al59] U
S dAlRY 5A4e #<9str] flal HITACHI ke FAF Az dAv)A

(Scanning Electron Microscopy) S48008 ©]&3to] SEM % ¥4 mappingS 2
Al sttt
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N

KR
1=

5

ol At} & Al

!

17 olgths v

S

Aol 24

AbS-= 1= Metso jie] Denver sub—-A

el

o

N

N
Ho

’

H

%

el

N
Ho

)

el

2

o

o =
h [)

(mineralized froth)&

X

R

S CEE

ol 1]

-cis_]__

2 Denver sub-A

#, Fig. 3-10

]
]
« -
—
)
ot
]
@]
ot
(@]
o

Fig. 3-10. Batch laboratory flotation machine & concentrate and tailing pictures.
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Tk Fig. 3-112 column F+47]9] HAYolgta & 4 = EriezAbe] CPT
column FA7]olth, {2 Z£#o] Auto control® o] Foj x| 7] wiitol] He]skH
71328 Aol 27| wjiol column WH-ol A AFAIZe] AojAar 7]E e} A e

F-271817F wobA] 3lg&o] i, oo wep 7|x9 AVE - F on,

Al A = (wash water)®] ¥S& ZdstHA WA o] AHEZHRE xo] FH9 IF&S
A

Z4g 4 dut. A, AFdZA02ZH CPT column HFA7]oA AEggo] 7H4
= 47 100 x 325 mesh® YEE FAsle] duddor & AR8E E
=2 AgS st

Concentrate

~— Tailing

Fig. 3-11. CPT column flotator & concentrate and tailing pictures.

Microcel™ column ¥4-& AJ#f2 FgMdo) A HAdalr] o]8$ 53 m o] 8+
nYHAE A= o] FHAEES A7 A ARE FRAEe 3 FRE,
v A 7] 3 23 7] (microbubble generator =+ Sparger) 5 £3f 7|29 THZA S
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ZAAA M4 Aele] G ¥

719 AR} JfEFEel, -32

Aeurd o)t} Fig, 3-12% Microcel™ column

zdste] Ads AdsA

Wash _
e —
i '_J 3| <— Pump

Ho

Q1
=)

5

=
fru
ins
o
il

=
r ke —
AL Feed —§o J] == Hirw
Concentrate .l'l'=
x7 eaning zone
Feeding —f—=
E v - .
4 4
—
Collection zone
Acration zone
Migro bubtle |
discharge D
Tailings
i Frother

Micrs bubible
PEnerator
Pulp —
recyche - Centrifugal
1 pump

(a)

Fig. 3-12. Microcel™ column flotation system; (a)machine and (b)schematic

illustration.
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A4 dd2a3
Ald AdMF)FEE FE

1. €9 M (Batch flotation)

A7 Ade Ad FHA FAHS Ash rejection FFE gk AH EFAE

oAk VIER Aokl EREAES ZE= A9k DMU-101+% DDA(Dodecyl
amine), Kerosene®} DDAE Z33slo] Al&3t Z 3 DMU-1013 DDAE %3]
Al WE tE R XA Fiol wE dFS g A3 Ash rejection
58.33%, Com. recovery 51.63%E €& F A+ DMU-1017 DDAE &3tsto] A}

EotRe A7 A Alfo R FRlEo] o] & Aol EFA|E ARSI

e AEr FAMo FRE 2ol 7] EA IBC, DF250, AF65, pine oil, & A&
stol AA VA FRE AASH] 98 AdS AN A3 Fig. 4-29F 2okt
ago Aol o]l ZIxA FH wE FgEFS AF659 -5 Ash reject 58.56%,
Com. recovery 60.71% % Ash rejection®} Com. recoveryS L&l S w 714 =
S 2oz FlF At

> o
=

4 AR Si, Al Y ETE dAaHE glstr] ds dAAE AEshA &
a2 A¥s A3 Sodium  silicate(SS), Sodium meta phosphate(SMP), SiO-
remover, LimeS 3 F/% Z+2 A}&3 A3} SS9 SMP F+ /&5 &£g38to A

&3t AAA TRl WE G diE AFsk A= SMPE AHESEE S o,
Ash rejection 55.61%, Com. recovery 85.28% % A& 4 glo] A ax7t 714 =

[e}Ke) 2~
55 ¢ T Uk
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: ™
2. Microcel ™ column ¥4

7b 2A AR @ e

o

&

SEERDREES

ofN
Sl
rE
i°.L

Fol A A& M FL Aoke

o

= |
DMU-101% DDAE £33 A]¢k(o]st DMU-101 + DDA)e] AA AL&ZFS 3H¢)
a7 98l AAEE 100 ~ 500 mLion7hA WIAFWMA 2@ A

Fig. 4-13 2t} H7 ko] =718 web Ash rejection & A% Z715 9

=04
s 1Al Com. recoverys A% A3tEAT7E dAE AT}, ol dF w4359
FH = A0 gekS wolr BAF L JFgS F7| uFog Algdch uw

A FAHY AAALES agste EFAE 100 mL/ton H7bstRS w Ash
rejection 81.71%, Com. recovery 67.19%= ¥< < do] A HAridoz shaoly
AT,

Fig. 4-1. Effect of collector dosage on Microcel™ column flotation.
(Dp : 10%, Collector : DMU-101+D.D.A, Frother : AF65 5.4 L/ton,
Depressant : S.M.P 4 kg/ton, Wash water 450 mL/min.,
Air flow rate 1,197 mL/min.)
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4. 7124 A7 Fel BE 9

71 A AF652 Microcel ™ column 2@ 2 &319<S wl, 71 E A9 H7bek
Wl WE B 5§82 delsty] 98 A4 442 Feld DMU-101 + DDA
o] HA7F#ES 100 mL/ton® A3 F AF659 H7lES 1.8 ~ 9 L/ton7h#] A3+
Al 718A DS AASE A3 = Fig. 4-29F 2 298 2 & 5 Qo] H7t

Fo] Wold 4= Ash rejection= A3t ™ Com. recovery o7t ot 54 L/t

on o] M7= A FW thA] Ash rejectione 71l 3] 4&S A Ao
2 UEst o= kol FrhetH A 7|z e] AV 7F n g Agke] & A =4
HA7] ol Al E Y. AF65 7o) 54 L/ton & w, Ash rejection 83.5

2%, Com. recovery 65.98% 7Fg £& ZdE& & F A

Fig. 4-2. Effect of frother dosage on Microcel™ column flotation.
(Dp : 10%, Collector : DMU-101+D.D.A 100 mL/ton, Frother : AF65,
Depressant : S.M.P 4 kg/ton, Wash water 450 mL/min.,
Air flow rate 1,197 mL/min.)
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o AAA A7 F BE T

Fig. 4-32 JAAlo H7 o] & JFS Aty fa dAadrr 7 =
A SMPE Atg3le] H7FHS 1 ~ 5 kg/ton 74 WHEA A A3 ZAijolu}
AA A ] HItFo] SIS E WYFEES AA7] utol] Ash rejectione T

7Fskal Com. recovery: #AASFAT welad B A AE 4 kg/tons M 7H8EA

Ash rejection 86.19%¢ Com. recovery 6250%%S 4& F o)A 7bF £

o

9g = sk

Fig. 4-3. Effect of depressant dosage on Microcel™ column flotation.
(Dp : 10%, Collector : DMU-101+D.D.A 100 mL/ton, Frother : AF65
54 L/ton, Depressant : S.M.P, Wash water 450 mL/min.,
Air flow rate 1,197 mL/min.)
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% ARFF 48 F

MHGo "7 ek w2 s sy ste] AFSF S 40~720 ml/min.
7hA] RBA 7| AA7E A} Fig. 4-49F 2okth Alx o]l Srtdes W3
2o w3t A FH e o] Fo}x], Ash rejectione 83.07%°l A 93.37%7FA  SFAFE L}
Com. recoveryi 60.83% A 47.01% = A&t At ol= MAFFo] F7lstHA
column -2 &8 F(underflow) 4= o] 714 wlge] Aghifwt ofyjz} WAy} ot
ALe7b JAA4 @2 ZHel dF =92 T ¥ (middling)o] v = wiEE7] W
2 Atadoh

Fig. 4-4. Effect of wash-water on Microcel ™ column flotation.
(Dp : 10%, Collector : DMU-101+D.D.A 100 mL/ton, Frother : AF65
5.4 L/ton, Depressant : SM.P 4 kg/ton, Air flow rate 1,197 mL/min.)
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2

s7Fd el wE gFS &I 2 Fig 459 2T w7 FAEel 5
[e)

e
2
=
b
@
o
=
3
Q
o
<
D
>
<
rl
o
W~

4% 31 Ash rejectione A8l =4, ol 7| XA F

st wj F7] o] F718kAl HW, columntlF2] bubble sizeZ} A 7] E 2
T3 BREert At ARom odF WA o] g ybEf ¥ o] Com. recovery
= S AN, F9le AstE] wEelth 3] FAEel 1,197 mL/min. ¢ i,

Ash rejection 74.72%, Com. recovery’} 66.06% = %%

oL
BN
N
4

Fig. 4-5. Effect of air flow rate on Microcel™ column flotation.
(Dp : 10%, Collector : DMU-101+D.D.A 100 mL/ton, Frother : AF65
5.4 L/ton, Depressant : SM.P 4 kg/ton, Wash water 450 mL/min)

_33_

Collection @ chosun



3. 23

H| Aol A ALMH)FAL FATEe] =¥ Ak EFA(DMU-101+
Dodecyl amine), 7]3A|(Aero froth #65), A Al(Sodium metaphosphate)”} & 2} 4]
9% gelatgdth. Microcel™ column #4doA E5A(DMU-101+DDA)E Al-&-&}
o] 100 mL/ton H7}3t9 S W, Ash rejection 81.71%, Com. recovery 67.19%60. % Z A
7oAt

71 37

i

AF65S AFg3lel 54 L/ton ¢ wl, Ash rejection 83.52%, Com.
recovery 65.98% %2 7 F2 xAAE & F AReH, AAAJD SMPE 4
kg/tonS A7F&0S u] Ash rejection 86.19% ¢t Com. recovery 6250%5 A4S 4=
UM TP =L 2AUS &9l sk
Tk AHFES 40 ~ 720
AqFZol] tist MHZHo] Folx Ash rejections 83.07%0°l 4 93.37
%7FA SEAFE Y, Com. recovery+= 60.83%°lA 47.01% = AstEdow &7 F

mL/min.7}FA] W3 A7)\ A A8 e Ayl A& 3=ko]

el u, Ash rejection 74.72%, Com. recovery’} 66.06% =
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b FHEAE AA +100 mesh 77Fe = e AT seddLh FAR AR
E e Mg FA3ES A% A TFAE AAsr] AT 2dS AAe
Atk WA ZgAS H7beHA €2 AlRek ' B P digHom o] & H =
Hjo] 24 EFAQl Kerosene, DMU-101, Kerosene®} DDAE &3 3te] A8 A

¥} DMU-1017% DDAE <&£Fste] 24 Ff/o weE dIFs s 43
Kerosene 3% THE Aoz ALE3AS W Ash rejection 82.85%, Com.
recovery 43.83%= th& A= Hlusto] Ash rejectiono] 7Hg =% oy Com.
recovery 7} Ath# 02 trol Ash rejection®} Com. recoveryS 7 i1l dte] Ash
rejection 81.02%, Com. recovery 51.94%E ¥ F A+ DMU-101S A& S
B, BHEWE MY =8 Jom ﬂ‘ﬂﬂcﬂ o] ¥ A3

ZNEA TRl wE EYadE getr] fs) A Bl F2 2ol V] EA
%= MIBC, DF250, AF65, pine oilS AFg&3le] #A
A8S AAFAS uwl, pine ol A Ash rejection 62.66%, Com. recovery
72.36%, MIBCZ AM&3lS 4% Ash rejection 66.21%, Com. recovery 65.80% %
Ash rejection?} Com. recoverye A& F AUt 2 AFdA+= Aeke] Ash
rejections & U o] 2 11A Ash rejectiono] = A Fel®El MIBCE 7|¥:AE
MAste] A3e AAstd om DF2502 23 Fol ¢t §A7F ool &<l
Hol A3 didolA ALt | dAEHRE gt f18 AAAE ALESt
A a AFPS A9 Sodium silicate(SS), Sodium meta phosphate(SMP),
SiO; remover, Limes AF§3te] AAl FHol w2 dgo s Ads 2}
SMPZ A}€39S W Ash rejection 60.21%, Com. recovery 65.23%% A< 4 <

=

of JAaIIt M w=Ee & Uk
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2. CPT column #A

7b A A7 A

R=)
g1
o
oglr"

Aol 2] T W3t AP A 7P £ Ao R g¢ld DMU-101+
o= CPT column H-AdolA el A4 Ag S 2letr] 9fa) H7bds 100 ~
500 mL/ton7}A] WA 7]HA HAES AAtF o AHEH A5+ CPT column?l
Aget JEE (100 x 325 mesh) =4H A& AFESHT Fig. 465 2H &

I Ad5o] HI7FFEFo] 100 mL/ton € W Com. recoveryS 80% o] X3} A
Ash rejection 61.55%= YEFWOom H7teko] 1 ol Fr7td AS 238 Ash
rejection®] &% fFAsteE A4S B webs EFAE 100 mL/ton H7FsES

o Bgg&o] 7FE £& Ash rejection 61.55%, Com. recovery 80.18%E A%

100 100

80 - ///—./‘ 180
60 | ./'\’_'\. 160

40 + 140

—&— Combustible recovery (%)
—&— Fixed carbon (%)
—m— Ash rejection (%)

(°%) A1an0d3l 3|qrsSnqwo)

Ash rejection & Fixed Carbon (%)

0 100 200 300 400 500 600

Collector (mL/ton)

Fig. 4-6. Effect of collector dosage on CPT column flotation.
(Dp : 3%, Collector : DMU-101, Frother : MIBC 40 L/ton,
Depressant : None, Wash water 100 mL/min., Air flow rate : 1,800
mL/min., Feed F. C : 56.12%)
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N
us]

Al H7bgE Wste] & B4 &5 geddr] fls 71xAQl MIBCS 7t
Fo WA TIHA e A3 Fig. 4-73% 2ol 7|EA H7bel 20 L/tono] st
W= 712 Aol ofsf st F VT AAE @Ae] dolwont 71EA
AP S 60 Lton7hA 535S A%, Com. recoveryS 78% o|A A stH XA Ash
rejection 67.55%= UELWOon H7beo] 1 ol FUFE AHAS 23]# Ash
rejection®] HA43| FastE AS BAoh g 7lxA H7bEE 30 L/tono] L
2 53<S 4% Com. recovery WAl F7lste d/4-S Holu Ash rejection
El Aaste @3S B ol 7IEA S HIbFo] F7bEhel uwhel HlalA 7
=

o] Zaly AW N E2S At

80

(

(o) A19A0901 3|qISNquo)

60

.
(=]

40
—e— Combustible recovery (%)

—a&— Fixed carbon (%)
—— Ash rejection (%)

Ash rejection & Fixed carbon (%)

20 20 10 50 50
Frother (L/ton)
Fig. 4-7. Effect of frother dosage on CPT column flotation.
(Dp : 3%, Collector : DMU-101 200 mL/ton, Frother : MIBC,

Depressant : SMP 3 kg/ton, Wash water 100 mL/min., Air flow rate:
1,800 mL/min., Feed F. C : 56.12%)
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. ARSEFo] e

CPT column FAol A Az H7lge AP 5 243 = oz o
o W& AAdFEHE syl & AHFFS 100 ~ 400 mL/min7bA] ¥ 8FA] 7]
WAl Adeh A3 Fig. 4-8% 2otk AlF o] S5 WA o digh Ay
o] Zo}A, Ash rejectione 77.49%0°l A 81.23%7+A A=Y, Com. recovery:
88.34% 1 A 84.90% = A stE At ol= AH o] F7HsAA column -9 st
i (underflow) Skl AR vl ge] Agingr ofye} WAz A7t A oF

< ZHel dF =3 T3 (middling)o] @v=2 wiEs7] WEoz AgEn

100 100

90 1980

80 | .’_/.//——/f/_" 180

70+ 170

60 160

(o) A18n0901 s|qIISNqUIO)

—&#— Combustible recovery (%)
—i— Fixed carbon (%)
—a— Ash rejection (%)

50 150

Ash rejection & Fixed Carbon (%)

4[} 1 1 1 1 1 L 1 40
50 100 150 200 250 300 350 400 450

Wash water (mL/min.)

Fig. 4-8. Effect of wash-water on CPT column flotation.
(Dp : 3%, Collector : DMU-101 (200 mL/ton), Frother : MIBC
30 L/ton, Depressant : SMP 3 kg/ton, Air flow rate :1,200 mL/min.,
Feed F. C : 56.12%)
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2 F7FAF e ¥

371 FYHES 1,200 ~ 1,800 mL/min. 7k WA A HAS &3 A7 Fig.
4-93 kvt &7] FdFe] soldel wet de&2 FAEIL Ash rejection
Asts =, ol ZlEAFo] AL W T Fo] S7FE™, column W4l bubble
size7b 714 7139 HY3}p BFHEHLErt A sl

¥ o] Com. recoverys= Z7}etAqF, E9 = A8ty 7] wjFo|t}, dhd

T

>

o

o
o

)=] H o
Foz dFE WAoo FHHE S

off 4

7 ¢ 2ol

1,200 mL/min. € u, Ash rejection 80.79%, Com. recovery’} 7951% % =&
AdS FAdstST.

EN
o

- 100 100
o~
'
S

Q)
L ol {180 9
« 3
= e
° 7
b2 =
L 60t 160 %
o3 =
] [1+]
X 0
— o
g 40 L {0 &
= <
0 ——
.2 —#— Combustible recovery (%) °\°
@ —&— Fixed carbon (%) -
; 20 | —m— Ash rejection (%) 120
(7))
< 1 1 1 Il

1200 1400 1600 1800

Air flow rate (mL/min.)

Fig. 4-9. Effect of air flow rate on CPT column flotation.
(Dp : 3%, Collector : DMU-101 200 mL/ton, Frother : MIBC
30 L/ton, Depressant : SMP 3 kg/ton, Wash water 400 mL/min.,
Air flow rate : mL/min., Feed F. C : 56.12%)
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op, FAEEe BE I

Folsio e FAEesS gy Hd FAdFE=E 1 ~10%7HA WA 7]
WAl Adet A3+ Fig. 4-109% 2tk A4 s=7 S7Hd 5 Ash rejectione
&= A7, Com. recoveryw A stE o] FAFE 1% 4 Ash rejection 61.93%,
Com. recovery 86.89%= ¥, 10% 4= Ash rejection 66.31%, Com.
recovery 63.76% % A E&o] At o= AMeke] W] we w g WAy

Rkl Hol LAY F2 % 7|E
9Fo] RA7|3)E wWafsly] wjFEo® AlgdUh 3H E Ao A= Ash rejection
A E

© 7% AR BFER

FEo] WA KA = 1 (aggregation) &4 o] A

73%, Com. recovery 79.59%% A& 4+

I A

Fig. 4-10. Effect of pulp density on CPT column flotation.
(Dp : 1 ~ 10%, Collector : DMU-101 200 mL/ton, Frother : MIBC

30 L/ton, Depressant : SMP 9 kg/ton, Wash water 200 mL/min.,
Air flow rate : 1,400 mL/min., Feed F. C : 56.12%)
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: ™
3. Microcel ™ column ¥4

ol

Ash rejectionS =0]7] ¢]8t Wk o2 Microcel ™ column H4S A Aste] 3
T8 A3(-325 mesh =4 A&, Fixed carbon: 54.87%)% A2 2 cleaning A3
S 2 AE A3 Table 4-19F #9kth. Ash rejection®] 59.01%¢] rougher A%< 1
2} cleaning A A% A3} 7983%% Cum. rejection®] 3% i1 Com. Recovery+
80.13%°14 Cum. Recovery 68.04%% A= et Z3F wARLO FHE
69.76% N Al 719.77% %2 3= A &=

sttt Aol Ad FARS Ao R calories A3 Ay, 9 AR 4185
keal/krel A1 Microcel™ column $4< 2 Aete] 355 rougher A#S 5428
kcal/kg 7FA] @3 E a1, 14} cleaning 2 A o= 6,317 kcal/kg® 4 A|& 9} H]

W& =L calorieE: 9L S Uk

PN
& = 3

Table 4-1. Effects of cleaning stage on Microcel™ column flotation
Ash rejection Com. Fixed bon (%) Calorie
ixed carbon
(%) Recovery (%) > kcal/kg )
Rougher 59.01 80.13 69.76 5,428
‘ Cum. Rejection | Cum Recovery
Clteanlnlg (%) (%) 79.77 6,317
stage 79.83 68.04
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steEdda e AREE didoz AW AS gt Ay xFA
(DMU-101), 7] #](Methyl isobuthyl carbinol), <A #|(Sodium metaphosphate)”’}
AdE glstd e, CPT column F/dolA A A L] HIteo] e FAHE
&2 A ¥gor EXFA(DMU-101)E 100 mL/ton 3 7}8ke] Ash rejection
61.55%, Com. recovery 80.18%% A< 4 gJAt}.
Z1ZAZE 30 L/ton A7}8lS Wl Ash rejection 67.55%, Com. recovery 78.72
%= b =& FAEE

A AL & YAtk AAFFo] FAB4E WMo Y
ARl e Hels

= A

5} Som 400 mL/min.2 3t¥=S W, Ash rejection 81.23%,

Com. recovery 84.90%= 7} £& Ao 2 FoHgr) =3 FAsr 7%d uf 2

g a2yt Vg =gkon AFol 1,200 mL/min.¥ w, Ash rejection
o =7

|=]
80.79%, Com. recovery”’} 7951% = =

™

o
N

Microcel A3 A3} Ash rejection©]
59.01%2] rougher B34S 12} cleaning A3+ A3 79.83% = Cum. Ash rejection
o] AR, LATE FE 6976%N A 077%2 AR &+ AT

column FA1& A5 cleaning 2 ¢
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A3 B3F &3 Fdg

—

. 4¥tX M (Batch flotation)

A % FAe] Ash rejection &S 913 HH x4
IFAE ¥A ¥ A3 A3} Kerosene, DMU-1015 @5 2}
Kerosene®} DDA(Dodecyl amine)E &3, DMU-101% DDAE &3%tslo] AL&3S
s dor LA Fiol WE dFs g A3 zFAE 94 g AF
S A33AS wWl Ash rejection 45.91%, Com. recovery 60.51% = 2<l% ) on
EFAE HA7reA @i AAFFETE o] &gk Ag FFoR WXx= ol #¥A
ok gAY b Fads gsidd. DMU-101S #H7bekls ® Ash
rejection 57.29%, Com. recovery 7017% = #3 37} 714 =& o= &9y
of o] Ao EFAZ AEEATE ¢hH ol EFAIQ amineRFo] E =
fre gAY HA 2 JEE T3 (middling)Q! A T FAFE R
o 23H o U= T4 CE ¥H9 &9 P a7 A& 2Fe ddst
Ao aminefFo XFAE M7 S wl Com. recovery7b E=Al &1

1A S 7o) WE Ry gys Feldtr] 984 pine oil, MIBC(Methyl isobuthyl
carbinol), AF65(Aero froth #65), DF250(Dow froth No.250)& Ztz} Ab-g31gjom, ol
2 3 AEHE 1,200 rpmell o3 FHEE AATVIR V|EE APAA AFS WA
t}. MIBCE A& 3S 7% Ash rejection 64.12%, Com. recovery 76.32% % 2 &
A7t 7 E5S g9 T 5 Aoy VETE A= d@4de] #Aste] AF65el
Hlalf 7]32e] Aol o3k g &9 & F Ao o] & AL AF6SE A
skl x&sksitt. CPT column F41 A3l A& A AF659F MIBCS| Hl 24 3A&
AAste] AA NEAE HAdAF & AR Az dH AAE SS(Sodium
silicate), SMP(Sodium metaphosphate), =AY AAAZ AL 5= SiO, remover,
2§ 21 3] (Lime) SMP AF&3t9dS w Ash rejection 67.57%, Com. recovery

=
K3
090%8 A& 5 Qo] JAEIE b wee S+ ANk

o

-
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2. CPT column &4

By gyt 7 =8 Aoz Feld DMU-101S Ao =2 CPT columnell A
o] Alg#S Felsly] Y] H/FEFS 0 ~ 400 mL/ton7}A] WHEA|Z|HA AHS

A et o Ado] AlgE AR Vibro screens AFE3Fe] CPT columnel 2 ¢
3 dr=2 FH" AJFE000 x 325 mesh, Fixed carbon 53.75%)% AF-&3F4th. Fig.
A-111 A ¢k o]l A5 H7betA ¥ AdPS o, LFAE AR 4o H

&) Ash rejection®} Com. recovery’} E5 Yro} ¥ =A|o] Algo] Hasts
e, J7hES 100 mLE Z3sto] H7bekels wWl Ash rejectiono] #Aashs @
AS Btk wEbAd EEAE 100 mL/ton H71eER S o, Ash rejection 71.79%,

Com. recovery 90.68% & 4& + o 7ME a7 =55 A5t

100 100

./k—aﬂkf.

—a— Fixed carbon (%)
—8— Ash rejection (%)

it

g a0 180 Q
] o
© c
E g0 b 160 (g
X =
= ~
o @
£ 40r {00 8
= <
g g
& b
E 201 —&— Combustible recovery (%) 120 En“?-
: —
7]

=L

0 100 200 300 400 |00

Collector {mL/ton)

Fig. 4-11. Effect of collector dosage on CPT column flotation.
(Dp : 5%, Collector : DMU-101, Frother : AF65 6 L/ton,
Depressant : Sodium metaphosphate 1 kg/ton, Wash water
300 mL/min., Air flow rate : 1,200 mL/min.), Feed F. C : 53.75%
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. 71EA HIbF dE 93

Fig. 4-12= CPT columnol A 7]13%A] H 7}k w2 HEA
A2 DMU-101(100 mL/ton), & AA SMP(1 kg/ton)E

tEs S7HA719A A3 Adtolnt. 7o AFHo] 3 AF6LE @7}3}01
% 6 L/ton "Rt A= 7127} QbR E AEHIE FAHA Fskown, 19 o] 7]
ZAE 10 L/tons 233t H7bst S wl Com. recoveryw H]SahAl 4] 8 A
Ash rejection #HAashe= dAdo]l Sl o= HIbEo] F |
2717k w g Aghe] dutA ATy ALY VI EA I F7F Ho] Akl
AWk 7]EFo] PAE dF wWAZEo] FRF FHEHAY] WEo® AR ETH
wabA 7] EZAE 10 L/ton H7F A Ash rejection 79.13%, Com. recovery 89.94%

g 9 # Qo) A4 PR FAs

=

N

ﬂl

100 100

./_,_,_4/_—0——4&'
g0 | m len

/-\'\.

= {60

(%) Alaa0291 a|gusnquio)

BT —#— Combustible recovery (%) 1ES

—a— Fixed carbon (%)
—— Ash rejection (%)

Ash rejection & Fixed carbon (%)

: : 10 2 1
Frother (L/ton)

Fig. 4-12. Effect of frother dosage on CPT column flotation.
(Dp : 5%, Collector : DMU-101 100 mL/ton, Frother : AF65,
Depressant : SMP 1 kg/ton, Wash water 300 mL/min.,
Air flow rate: 1,200 mL/min.), Feed F. C : 53.75%
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. ARSEFo] e

column F-/dolA Mg H7bgEe Ao F9E 24T F Jdorg od w
2 Adads gelsty] g8 AEFEHS 0 ~ 500 mL/min7bA] W SA 7] HA 4
de 23 Fig. 4-139F 2dth. 2"l & 5 dkol AHFEe] S7tgas 9
FEo gk AlF o] Fold, IRAANEL FFHAN AHFE 100 mL/min.
Z st A38S 3PS v, Com. recovery:= Z=7}F8kA| 9 F.C.3% Ash rejection©]
AsAl AstE At ol AFHg=e]  F7FSFHA column  WH-9 SR
(underflow) §telo] Ax WA offe} w Yo Met7tx] Jaks wrol Fwuz uj

=57] "otk

100 100
-
= i S
"
c
g &
L g {e0 3
ot =2
Q c
° 2.
% =
L ot leo 2
* g
< o
2 <
3 S
— 40k 140
l ]
= —e— Combustible recovery (%) 2
ﬁ —a— Fixed carban (%)
4 —a— Ash rejection (%)
2D 1 ! ! 1 ! ! 20
il 100 200 300 400 500 B00

Wash water (mL/min.)

Fig. 4-13. Effect of wash-water on CPT column flotation.
(Dp : 5%, Collector : DMU-101 100 mL/ton, Frother : AF65 10 L/ton,
Depressant : SMP 1 kg/ton, Air flow rate : 1,200 mL/min.),
Feed F. C : 53.75%
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4= Com. recovery’} #Aaste= 43S e}
FZ=7F S e AlFAIZEel Ao wel dF vy WAFEFEo] FHHES
A, A5 vge BMFEES Mey SHAE PFAste] Frz wEH 7] wE

g/min. & 4% Ash rejection 80.31%, Com.

100 100

90 + 190

80 480

0t 170

60 4 B0

—a— Combuctible recovery (%)
en L —a— Fixed Carbon (%) 180
—m— Ash rejection (%)

(%) fiaAooaa a|qusnquio)

Ash rejection (%) & Fixed Carbon (%)

Ty - ' ' s 40
i 2 4 B

Feed rate (g/min.)

Fig. 4-14. Effect of feed rate on CPT column flotation.
(Dp : 5%, Collector : DMU-101 100 mL/ton, Frother : AF65 10 L/ton,
Depressant : SMP, Wash water 300 mL/min.,
Air flow rate : 1,200 mL/min.), Feed F. C : 53.75%
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o, ddsEel e 9

4% Com. recovery:= A

[
=
NoH, Ash rejectione Felsert 5%E 2H3 AF4= AstEIAT. o= A
]

- =
Hol xpAle F2 9 vxete] B8 E Welsly] Wi oz Al k. 3 2
Ao A 7+ =& Ash rejection 85.59%, Com. recovery 83.97%Z 95 4 U
H FdEss 5%7F A ddsEr AT

100 100

80 480

60 1 B0

40+ 140
—#— Combustible recovery (%)
—h— Fixed Carbon (%)
—— Ash rejection (%)

(%) AloA029) aignsnquio)

Ash rejection (%) & Fixed Carbon (%)

20 1 | 1 | 20
2 4 B 8 10

Pulp Density %

Fig. 4-15. Effect of pulp density on CPT column flotation.
(Collector : DMU-101 100 mL/ton, Frother : AF65 10 L/ton,
Depressant : SMP, Wash water 300 mL/min.,
Air flow rate : 1,200 mL/min.), Feed F. C : 53.75%
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: ™
3. Microcel ™ column ¥4

-325 mesh %9 v g Aete] EAALES =ol7] 93 W o E Microcel™
column FA oA 12 3]4% XA 3(-325 mesh, F.C. 44.16%)S tlido=z 3o
FTEE 10%%0 = A cleaning A3 S HAISH A3} Fig. 4-163 2koh 179
ek 7ol Ash rejection®]  64.05%91  ZAAF(rougher)S& WAooz 13
cleaning(stage 1)%F ¥ Cumulative ash rejection 76.64%, 23} cleaning(stage 2) -
o = 83.98% = S 7tslHt). ol9f o] HMHFAHSE T3l Com. recoverys= =443
84.78%°l A1 22} cleaning $-°l 4 3 4& (Cumulative recovery)< 68.07%7}4 A
stxo] 34 oA AN RAAEo] 20% 8= FEEHS & F AT A,
calorieE =A3 Ax, 9 A8 3076 kcal/kgol A 2%} cleaning 2 Al8le] 6,284

keal/kg7h F7bstol 9 A st vlmste] me Aol HES AL 5 A

100 ; - E 100
% 3 ¥ o
c
z
B0 b R >
o
P

= &
] i ; 3

[7;] i i :
£ 3
£ 2,
S o
(%] : : : =
& —e— Cuimulative recovery (%) @
—m— Ash contents (%) g
—i— Cufnulative ash rejection (%) <
: : : =
a=
S

0 Rougher 1 2 3

Cleaning stage

Fig. 4-16. Effects of cleaning stage on Microcel™ column flotation.

(Dp : 10%, Collector : DMU-101 100 mL/ton, Frother : AF65
10 L/ton, Depressant : SMP 1 kg/ton, Wash water 360 mL/min.,
Air flow rate: 1,200 mL/min.), Feed F. C : 44.16%
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2
AS Felstg o EaAe] Js E1s A DMU-101E 100 mL/ton ¥ 7F8F3A
S u By ggo] 7P £& Ash rejection 71.79%, Com. recovery 90.68%5 << 4=

NEAZ ARG Arldel 4E AL SAd A3, w4 AAEFE 10 Lion
Z¥sto] H7bek 7 $-Ash rejectionS A% fFAshal, Com. recoveryv &% S7F
i @ AU @ 4 AUk B ATA BAFE 10 Lhon AAHAE

Ash rejection 63.27%, Com. recovery 70.06%S A4S = glo] & ayrr 714 =

2
M2 4==Fo] 100 mL/min. € W Ash rejection 81.09%, Com. recovery 91.91%%
M e 2AYS e w3 Ee wE 93-S 021 g/min-E 667
g/min7bA] Zdsto] AFE WPs Ad, F3HE 443 g¢/minE P& @ Ash
rejection 80.31%, Com. recovery 34.06%% 7}% <=

T3 FAFErTt SUHEFE AEEso] "o
rejection 85.59%, Com. recovery 88.97%% 7}% =

-325 mesh =77+ A 2E Microcel Mcolumn F-%17]
o 2 cleaning 23S AAISH A3 13} cleaning A A ol
76.64%0°] o1 22} cleaning A A Foll+= 83.98% % =7}
2 3,076 kcal/kgel Al 6,284 kcal/kg7F Al &% At}

o Mo

o
ro to ¢

i)
32
v
k
o
)
[
i3
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A5 48

CPT(Canadian process Technologies) column % Microcel™ column %4 7]%
S A&t 2A3E 1EFS AAAES 5 7teAdE gl st =ulat
_]

E J ]

E9 Fwe fgoE RASYS HAsT WAYE] AU oA sHsA
Al )
=

fl
o
)
DN
&
y &
X
lo,

ALME)FAL FASS doz dnkidS A sk
ZA4A4 A2k A (DMU-101+ Dodecyl amine), 7] 34 (Aero froth #5), <

(Sodium metaphosphate)7t &2 ¢S #1812, Microcel ™ column 42
A&k Ash rejection 83.65%%F Com. recovery 70.42% < 95 4= At} FF
Microcel ™ column ¥4 A#& oz JAAYL F718 4 nF9 At A

Aol b5 RAow Andd.

"

Jedes TAE 9 AR(DADA 54390)F Ogon dEw wdw 24
=

o] WA @S 3694 kecal/kg oo™, +100 mesh 173 -500 mesh

A 4 A

T S e zﬂé‘oﬂ olefA Eelste Ao wmE WS 4000 keal/kg ©
doE &9 g o o] ko] AAsk= FAHZE 64%01 %S AAstE R A
370l %&@—% o 4 ATt CPT column H4ES AHAlste] Ash rejection

81.23%<} Com. recovery 8490%% A& F A om, -325 meshd A= (F.C.
54.87%)% o2 Microcel™ column 4 23S @ast A7 Ash rejection
71.16% ¢} Com. recovery 71.05%Z A4S 4 AU

Slito] 38.11%= EAste dE g FAES 3 EE WAGE o -500
mesh®] AT F97F 2A e, CPT column F4& AAIsho
100x325 mesh T-3F A& (F.C. 53.75%)E WS = Ash rejection 8559%<} Com.
recovery 8897% % A& £ AT -325 mesh@ FA¥H A& (Fixed Carbon
44.16%)2 o 2 Microcel ™ column cleaning 23S 2 A]g A3} 23 cleaning
AN Tl ¥4 3EAAL] 8398%E F7F st o nmAEA TIdEE 6284
kcal/kg = 3FAF= 9T}

[
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