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1] gha(unburned carbon, UC)= tH 775 Z4A| £ AHESto] RR-AETH S 53l 2 85.8 wt%Z71A] BIAHEZRE 45
Z 0 2 3|4E| It} CM (ceramic microsphere)> F-3- A HZA TS 374 Q] 5lo| =2 Alo|S2 BT 02 B E 18 wt%2]
FES DS 5 AL IFT UCY CMS M2} 1 RESFA 2 Z2FAE (polypropylene) F- X1 2] 9 thA| A 2 AH-g-5Fe] A A
2 &8 7HsE ZAIATE AR 2 UCE Y-S AHESto] B 10.2 umE ZHA] B4j5toith B4l9 UCE IE A
Ao RS FAE AESIS o AFFEL} AlEo] thd WA Ut 1R A F9 REXAE A7 A= ZoH3ith w2t
A BE2AE FEFA717] Yl UCE 17t Bt 713t Zjto] a5k, o] g W A E A= 714
1 A27F o5kt CMZ B d7ol 5 ume] TP AR TEE I oH, JAY HHS HuA, YL, AF o4
S ito 2 skl 9 7 E CM2 PP (polypropylene) S A1 = AR = lth. 1 A E CME ARE S AIF2 &
B2 ooy 2Y R0 8 SAYE W S PAHA Eoklth Ty #9 /i E CMof /71 F
719 dEA AEIAR] A | wi%Z F7H 08 SA 0 BN FALE U S0 L7t AA FEe A5 @2 5
AATH

RO - wAA, FAE, ARSTA, EAE SAA
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Abstract : Unburned carbon (UC) was successfully separated from fly ash by up to 85.8% in weight via froth flotation using
soybean oil as a collector. An 18 wt% yield of microceramics (CM) could be achieved by employing a hydro cyclone separator
located immediately after the flotation equipment. UC and CM were tested as alternatives to weight-adding material and polymer
(especially polypropylene in this study) filler, respectively. Large particles of UC were broken down into smaller ones via ball
milling to have an average particle diameter of 10.2 um. When crushed UC was used as an alternative to clay as a rubber
weight-adding material, a somewhat lower tensile strength and elongation rate than the allowed values were unfortunately
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obtained. In order to satisfy the standard limits, further treatment of UC is required to enhance surface energy for more intimate
bonding with rubber. CM was observed in spherical forms with an average diameter of 5 um. The surface of the CM particles
was modified with phenol, polyol, stearic acid, and oleic acid so that the surface modified CM could be used as a
polypropylene-filling agent. The flowability was good, but due to the lack of coupling forces with polypropylene, successful
impact strength and flexural strength could not be obtained. However, when mixing the surface-modified CM with 1% silane by
weight, a drastic increase in both the impact strength and flexural strength were obtained.

Keywords : Fly ash, Flotation, Rubber weight-adding material, Plastic filling material
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Table 1. Summarized types and characteristics of filling materials

i

gttt T3 CM, CAE E]sh7] 3] Pilot Au]ofA=
H,S0,00 93t AMd JolA] ol ZZ=AQ] Armoflote #18
(AkzoNobel)& A8l 21 H944 stoloy, 28 &
gk dulof A A E] 5o gH8o] FrtetA 298 A
o= ytEo] JER2/A HF} glo] slo|ER Alo|ZFEo R ]
Al- 78 CME EFote HP5371&4S Hdstatt

et Z A4S H4] Fa4E 2 Jr BEgoto] 343t
AFL UC, CM, CAR E7E 4= glom, E5] CM AlEF2
njgo] YAE FAE o] FEAE FAA ToE A T
Aoz 7dq=1 ot Aetdle F2 EYuiggoly AHE
ol & AlojA ARESh= A7HAIEC] 2 AFEE O] gtou,
IEIF A7 A EE AAES AEEe AP ATE AR
St CM2 739 42 T2 Loy, 1204 7hgE o]
B YA 7L gl B4 fi&o] 1Exteke] A84do] glo]
T ZE A0 gt rbEze] SHolA SetAaEd A
7he]E " E ARSS] ofEe ©o] Slth Table 12 F4F
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g 2Rt EFHUA7} 2o & 4 QlcH16](Figure 1).
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Types Species Aspect Ratio Price Interaction Flowability Characteristics
Needle GF ) > 20 high high low Use filling materials to enhance
Wollastonite properties in spite of relatively

expensive price
Plate Tale, Clay 5-100 (Carbon black, glass fiber, etc.)
Hexagonal Calcium 1 Used as ah incremental good to

carbonate 7 reduce costs
Sphere Glass bead 1 low low high (lime stone, clay, etc.)




26 By AEH - oE

Strong interaction in filling materials

| High
high temperature
(AR FF] i
JNL‘JS“W 00220 02303 03120 o

s

00000 ez

Surface Energy

Spherical
Shape

low Fractal Geometry

Figure 1. Variation of surface energy according to heat treatment
temperature [12].
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Han et al. [15]o|A] ARESF HAF XS FAQ froth flotation
3} slol= Aol2E BHOE UCS CME S4sialc

(Figure 2). 5848 3J45t7] flsto] 35¢ HliHAl= &
BI04 E& 30 ~ 40% FEo &2 Sgtote] 24A 9
712A|2}F @A 12} F-Ad (roughing) A¥]o] SFEH. olnf 4
Ae fFR-E ARSI o 7| ZA= AF-659F Zo] 4 7]
EAZ EFE+= PPG (polypropylene glycol)S ARE-5t3itt.
A B4R W mAgtAe 3120] SgoflA] 29 AAdo] A
Stejo] A JH Y] Akt & BEREA ge S48 A4

Aek wEhA 3 AuloflA= 2 -l wEh FAAIF AF
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(flotation machine)7} 27§9] 2}Qlo 2 A& o] & 40&87F 14}
FAo] e, 22 FAAHH]= scavenging 3= 1779
Zeloz P4Elo] 20 minzt SPH FH BHL denver
type?] F-A17]2 A0} lom, oF 10~ 15%2] sk=oflA] 20
minZt & 43]9] BAo] gAEE St 1 pH 2EA Q1
o2 FH4(pH 9~ 10y5 pH 2714 *P*ésﬂr A9 239
E T2 AFREHE CAE dvlE] BYr|E 223 4 9T,
Hmel Y HElE elst B4 Belge BAlz @
& X”:LO] o]#9] CM 3% &4] slo|E g Ajo]ZE20z 9
B35ko] m ] AHE(Dsy 10 um ©]5hS 3]48H= w0

z %awa FA2 80| TPse HAES At
S48 AABUC, CMES SHEAE skl 2487
& 0] (scanning electron microscopy, SEM) JSM-7001F (Jeol,
Japan)0. 2 EHFPLS EASIAIL, UZEA7](Mastersizer
2000, Malvern)& Al83lo] HAE2AHHow By ENS
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Figure 2. Clean flotation process of fly ash.

BAs9h 22T 33 42 Teke $lsio] MXF2100
(Shimadzu) 0.2 X-A1 37 E33H(X-ray fluorescence, XRF) &
Ag Axster.

2.2. UCQ} CMQ| ZEHIHZ!

2.2.1.UCQ 2=H

UC AlEZo g8 o349 gaAs §48o] ol &
NEA S 18 A4S
27 Z4& 7ot g#AAE Z3F
024 UC RHIURE Z7HHA
oAl E(10 mm)S 40 vol% $FO 2,
9] 35 vol% $&0.2 FUSIPLL, JALKTE YA A9
60%=2 A3

b -

2.2.2. CMQ| HHI{=I
CM A &9 BfdL 5379 RUMAA(HEA, 15
7, 29, Ag oA SHJIAhE ARSI 2] &
ANEAAE AA CM AR 15% $FE22 Hrhoto] A4
Hery A= 105‘—{1 E§oto] ZH/NA st oH, o] &
2E CM AEL 120 T 2504 24 h €A ARs}o] A&
=2 A}%ﬁmt}.
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FEEAY HE Wxﬂxﬁi ARgSEe] 71 AlEtel E*El =
WA Al AES APA #E8 Wof| HidH|(Table 2)
£ 7|F02 HE 20%%2} 10.2 pm UCE 10% &3}5}0] /\]'—9-;
74 AEE 102 pm UCE 30% A thA|sto] £t & &
Fatpon, £y THARYS AAH dE7le G H 2
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Table 2. Mixing table for typical wire cladding rubber
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Table 3. Chemical composition of recovered UC and CM

Substances Mixing rate (%) Composition UC [15] CM
CPE (Chlorinated Polyethylene) 62.4 cC 42.27 -

uc 10 +20 (clay), 30 8i0, 30.69 4735

Active agent 1.0 ALO; 11.05 22.49

Antioxidant 0.6 Fe,03 2.05 6.33

Process oil 3.0 CaO 2.49 5.45

Co-crosslinking agent 1.0 MgO 1.35 1.87

Crosslinking agent 2.0 K>,O 0.49 1.13

Total (wt%) 100 Na,O 0.56 1.37

TiO, 0.61 1.16

712 sttt MnO 0.05 0.10

UCo] 17 ZFA 24 HAES 9ol RE AH224h & P,0s 0.59 1.16

oF A2 Hyt g FH AlFE AP FJAFES

ASTM D 1052 &= KS M 6721 1402 243191, 54 7 wi%Z UERgTh sle" CMQ] XRF E42 37} Sio, ﬂ%}ol 3
T ASTM D 256 FZ0&8 L mAlg Bslo] 243190 I 4735 wt%, ALO; 3FEFo| 22.49%= Vel ow, Yz &7
o, gAY L AAELS 50 mm A A} 150 mm min' ol Ao syl geHTIT ASHALE o9t Ze A

o= St B BE B4 HAE Anke Ao 2 A
e AT 19 BRgoE =EH9L
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3.1. HE(UC, CM)Q| 5|48 3l
A% ZLAQ] HERE AHES

9] 3L 85%E YERFI CM «1

AFE5HA] 18 wt%S P QITH15].

o] 345 ucet M9 3154 *oﬁ—— XRF

Table 30 UEFAEE 345 UCH o dA7FsAdE(CO)9) &

2Fo] B4t 42.27 wt%, Si09} ALOs:= Z+zE 30.69 wi%2} 11.05

o

I CME Adsl= 814]9] xfo] mj&o]t}. Kim et al. [7]&
pH 29] ZAA CME Yol ZE5A|(Armoflot #18)E HEH
7Ndsto] ERAddsts WAE o] &5k, & AFolA= st
O|EZR A|EE FAHOE o dx B &3t o
Zojth.

Figure 3& 922 AREH HAHA, 344 UC2 CMQ] SEM
ARlE UERd Aol BlA = o3/ A mldsAet -
PO CMI} CAR A= 0] 11, tha4d YA ml At 7
ol YA 22 FE 9] CMIt CAZL L7 F2HE 0] Sl A

2T |'T
o= WEERIY. doH UCe HiFis I49 o4 dA=

T 7 YRSl 9 FE EEota glon, 3l4E (M2
ohket 3719 FPURREC] BEEUL A2 FPYAEO]
FE olF1 AUAT
3l4E UCY CM9] Y=RI BEAM AT Figure 4) UCS] B

FAE(Dso)Z 35 pm, CMZ 5 pmO 2 YEET CMS ﬂ—r
S o slo|ER APo]ZEE AFETIC 2N HA 39 CM
o] dojxl o= At

3.3.UCQo| 15 Z2x| Mg

UC AZL Hd JE7t 35 umE 15 SS9 =2
A}2517]9] 011}7} Aoty gekEo], WA AF AIF-E UC Al
B BUR B Jﬂo}oq Y=g ZHSUTH(Table 4). S h ETS
ARg5to] BAst 49 AU (Dso)o] 30.3 um, 10 h ELL
28.7 um, 24 h %ﬂ,:jg 10.2 pm& Yebstt 28 AIZo] S71st
5 YA S50, B Mol BatdAel 35 um
POt 24 he] BEUZ BFYFE 29%2] 327|102 pm)Z &
Y 4= QIQith 24 h B3t UCY YEEZE Figure 59 e}
ATt

S TFAAL Efo]o]} T EA|E (mechanical rubber goods,
MRG)C.2 tfiEm, vt 1RAZoM = A5NS4
Za@EH 2 ddHEeE@D) 22, HE 59 STA



Figure 3. SEM images of fly ash (a), recovered UC (b) and recovered

7t ol AFgIch. oleiat A
(chlorinated poly ethylene) B¢}

7122 B dFo|A= CPE
slo] E45 UCE &

Table 4. Crashing results of UC using Ball mill

Particle sizes
Items
Dso (pm) Dyp (um)
5h 30.3 109.0
Ball mill 10h 28.7 91.5
24 h 10.2 65.7
5-
o
& o
o
£
3
S
2]
° T T TTTTT T T T LR T T
0.1 1.0 10.0 100.0 1,000.0
Particle Size (um)
(@
s-
6
g
Q
E
3
o
>,
0 J AL | i LB ELELLRY | T AL LR v LB |
0.1 1.0 10.0 100.0 1,000.0
Particle Size (pm)
(b)
Figure 4. Particle size distribution of recovered UC (a) and recovered
CM (b).
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Table 52 SH & B2 BHU7 102 pm?l UC Al&s A
A s g ARt AEE el A EE HE, SieS
7} 10%% UCE thd] AHg3t Adfoltt. A& C-02 FEES
30%, A& BC-12 EYURE F43F UC 10%2t FE 20%, A5
BC2&= 212 B3t UC 10%2} etk 20%S A& 2
Folch. BFYAol 102 umel UCY| Mg FEY SAld+
o2 fgAs]E JEQUT HE dAAE UC 10%S AHESH
H-(BC-1y= AT 8.7 MPa, A8 320%E Lebyta &
A4 AR UC 10%S AMest F9BC2)E AFAE
9.5 MPa, A€ 330%% LIERdTh YE Hr}h ebibagol o
RS UCE HAIe 3¢ Qg7 met Aggol 22 o &7 b
oy JETS AHSoFS (AT 10.7 MPa, A&
430%) Hrte WA YEUA ZIEAE THEATIAlE S5
ot o]AL UCo YAt EHQ ovA|7t W] wjEl Aoz
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Table 5. Test result of UC application to rubber weight-adding materials

Substances c-0 BC-1 BC-2
(Clay only) (Replacement of clay) (Replacement of calcium carbonate)
Specific gravity - 1.453 1.364 1.372
Tensile
Normal strength MPa 10.7 8.7 9.5
temperature
Elongation rate % 420 320 330
Insulation resistance Q-cm 1.6E+12 6.5E+12 2.1E+12
. t5 min : sec 30:22 25:13 23:50
ML 1-125 C
Vm - 443 37.3 37.7
ML (1+4) 100C - 66.3 53.0 54.6
Tmax 1b-in 29.1 28.0 27.9
ODR -
@180 e tsl min : sec 0:56 0:49 0:49
t90 min : sec 4:41 3:46 3:50
Hardness Shore A 76 80 80

% Surface modification agent

Single molecule (less than 1000)
and medium molecular weight
(1,000~100,000) materials with
excellent adhesion and coating

Application of ™M power

coating agent

(Surface
modification)

Figure 6. Surface modification of CM.

AR w2y uce] A BE oA Z7HA717] Sl
AL Qzto] 9712 gL nAsHA sho] 12 Hjgle] EAS 141 7
%7]—A]7E] J‘:‘-EJ_8_7]- 9}\% 7;19_; ﬁ‘_—]_'l‘:]__"ﬂ__q- 5 27 - [ [ Not treat
E Lo | . 10% moisture by 0.5% phenol solution
‘w08 — . .
3 4 CMQ_' Polypropylene % |IH X_—"_g § o B l:llo% moisture by 1.0% phenol solution
I:I 20% moisture by 1.0% phenol solution
3.4.1. CM ED7HZ 0s - B
EHAAA e A0l 14 ~ 108 Aro] dRaiel 18t 1 N —
AR 2ond 242 A 29l $4u 5 erim e
o] 9lo]oF FH}(Figure 6). £ A4 CM ZHAZAZ 1 Figure 7. Bar chart revealing adhesion changes with surface

%—#XL oo, Adolaial, 24t 52 ALGSHAC) modification of CM.

ANEe ks PotH7] 9I5to] 0.5%, 1.0%2] 484
lé‘——’r— A2 CME EH/NE §F b2 PE film @ TFAEOA
YHaste 2ARlEtFigue 7). ERAY Helg ohx) gk =
Zo]| ¥lal] EWAR ot A9 Hakro] 374 Zrbele AL 5 st #HAUAIE 5712 4= Qo] #9 MEAE @%@ o
Q13 % QUolch. iR o] gkl 05%uelA 1%z sk P A
filmo| A= o] 11%, TRAEME 7% Z7Fstglch 2
7Ho & CMof| HiE 79 JFZ YotE7] A &

=

3.4.2. Il EHINE CM2| MMPP S2IXH M8

TS 10%2} 20%2 o}oq A2 aye YolH k=1, PE film HEeA] £8AE 15%9] 2U08 CMS #H AET o
oA ZH3lefo] =2 AHo] AZ}FII} 10% 27151 our = XH*”PP (Table 6) 9 AIZHPP (Table 7)2] SXA=Z ZH2F &

TFEAEANAE 2 zM% Ho|Z& Q9kTh. PE filmofl A 4 8% A AYPPY B9 FHTLEE 3732 ke em ol 4] 3904
off o8 FHAEI7F F7FE AL 2ol 25 #H ﬁJVEJOI kgf om”2 UEhgon, HY AAR Q8] FHTEE 17.2 ke
S7HElo AdE M| BHEOUA7} S7157] WE2oR AtR m? Yhg 34 57t StP o $AYEE 0.1 kgrem® H& Z
"ot FRCUAE Fatoux|et BlZAteuz2 EF75HaL 1 St APl 7§T ERES 2N 3 CME

dutmo g BitouA L ot ddo] jlHom Aol AR B 1873 kerem” B AA S7k5te] AAIPPL] %90
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Table 6. Test results of surface modified CM with phenolic compound application to reused polypropylene

CM 15% CM 15% modified by
0, 0,
Items Reused PP 100% CM 15% modified by phenol phenol with silane 1%
Flexural str_ezngth 403.4 390.4 411.5
(kgr cm™)
Impact strength
(ks em?) o0 3'3 '
Flowabl_lllty 0.50 0.52 0.52
(g min™)

Table 7. Test results of surface modified CM with phenolic compound application to new polypropylene

New PP , CM 15% CM 15% modified by
ftems 100% CM15% modified by phenol phenol with silane 1%
Flexural strength 468.7 43934 458.07 478.07
(kgr cm™)
Impact strength
{kgr em™ 11.0 7.6 8.6
Flowability 0.80 0.95 0.95
(gmin™)

F7Fgol FARHA Uehdth ey AAPPIlA SAR ==
0.7 kgr em™ ¥HE Z7Fsto] PP Kt B 34 F7loh=
Ao = ZAEUTE PP Hfoll= 7] AMEE S0l £
A=lo] Rlo] HlWT} ofHATE AAPPY] A9 HErAR EH
A" CME A58 wf /0] A 7= Ut Park [18]
A7 B =L A E4S FEAI717] fste] A
AEFAZ BEA 6 WehA & Aoz A
A& S7HE flsto] A=t SES Hrbokd, Ast st
E—% 1% 2‘;7]-; 147]-6]- 7:154. XH’\“PPQ] 73_?_ ‘—?:[,1_-:'_74-51_—_ Ma].
SIRHES H7ekA] 2 AN CMO] H$9(390.4 kg em™)
of H|3] 21.1 kgr em™WHE O F7F8FAL, 71EAIEQL 100% A
PP (403.4 kgr cmE T} 8.1 kgy em™BHE © Z715ka] 411.5
kge em”2 YERTH SAYEE AT SIEES st 13
kgr em™ Z7F510] 4.6 kg em®Z UG O U 712 AER1 100%
ZAIPP (6.6 kg cm?)o= w1 XA F5tATt AR PP A= A
S HAUIeE Ao I AHRIES 147]-0]-1] oro
#»H7/ME CMO] HR-Et 20 kgr em?Z7FeH, 71EAE
100% AIAPP ET} 9.37 kgr em™ Z7}5FS3t} 7371-5 xﬂxg
PPO} GARRE F3kS H Qi weba] Aehg H7tste] A
3t CME AT BF 23450 47 E 59 7144 A4
E/0] A5ot= A & 4 AU Dai and Hung [19]19] A4+
ME HE-IF FE0 AHFES 7 o B ®
A AeslelEo] 2 sEo] FAEUL ATHE S
Engaprt 179 HEA]Y] TS SVHAA 1R &
gol 8% 7ot kil stk

A

3.4.3. =22 /ME O MXHPP =

CM
ZE= 2uRd % CM= AAPPo 28t A3 =37
423.8 kg cm?, 5.3 kgr cm®O.& 7] EA|

IV ESI=]

!

Table 8. Test results of surface polyolated CM to new polypropylene

Polyolated CM
Items New PP o
100% CM 15% CM 15% with
silane 1%
Flexural stringth 458.7 238 450.7
(kgr cm™)
Impact strength
(kgf cm-Z) 105 53 78
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Table 9. Test results of surface modified CM with stearic acid
application to reused polypropylene

Stearic acid modified CM
ltems Reused PP P
100% CM 15% CM 15% with
silane 1%
Flexural strength | 306 ¢ 3533 387.1
(kgr cm™)
Impact strength
(ker om?) 6.7 34 4.2

Table 10. Test results of surface modified CM with oleic acid
application to reused polypropylene

Oleic acid modified CM
ltems Reused PP P
100% CM 15% CM 15% Wlth
silane 1%
Flexural strength | 566 o 345.8 382.6
(kgr cm™)
Impact strength
(ker cm?) 6.7 3.2 3.6
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Figure 8. Flexural strength of new and reused polypropylene with
silane modified CM.
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Figure 9. Impact strength of new and reused polypropylene with
silane modified CM.
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