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TA A (Dsoy2 5 um=E v A|5te] FH Ao gk CMe] nHIE +AT = AU

ZH|0] : Bl AbA, HAFR-4AE 57, hydro-cyclone, T

Abstract : All coal ash, generated from coal-fired power plants, is entirely dumped onto a landfill site. As coal ash contains 80%
fly ash, a clean floating process was developed in this study to recover useful components from coal ash and to use them as high
value-added industrial materials. When the unburned carbon (UC) was recovered from the fly ash, soybean oil, an eco-friendly
vegetable oil, was used as collector instead of a non-ionic kerosene collector to prevent the occurrence of odor from the
kerosene. After the UC was separated by flotation, particulate ceramic microsphere (CM) was recovered, without generating
acidic wastewater, through hydro-cyclone instead of sulfuric acid solution in order to separate ceramic microsphere (CM) and
cleaned ash (CA) from the residue. By utilizing soybean oil as a collector, the recovery rate of UC turned high at 85.8% due to
the increased adsorption of UC, the high viscosity of soybean oil, and the increase in floating properties caused by the linoleic
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acid contained in soybean oil. All of the combustible components contained in the recovered UC were carbon components, with
the carbon content registering high when soybean oil was used. The recovered UC had many pores with a rough surface; thus, it
could be easily ground and then used as an industrial material for its fine particles. The CM and CA recovered by the clean
separation process using hydro-cyclone had a spherical shape, and the particles were clearly separated without clumping
together. The average diameter (Dsg) of the particles was 5 um, so it was possible to realize the atomization of CM through a
process change.

Keywords : fly ash, clean flotation process, hydro-cyclone, soybean oil
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Etjlo] ZEoQle FEAES Sdte] 45 AA 5o 7 (AkzoNobe)& AMgslFich. 28 SAbS AHEFto 2N 3

2857 SIek chapet ATk N ATH4-12) AFYAE7E BT AL e BAA E,
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(MBS 3]4517] 95t o aE AREE QTH20-24] & AA Bt vy AR 42 AR 7=
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Table 1. Hazard of kerosene and soybean oil in MSDS (Material Safety Data Sheet) by Korea Occupational Safety and Health Agency

Kerosene Soybean oil
- Skin corrosivity & irritability
- Carcinogenicity
L . i heti . . .
ong term toxicity to a specific target (anesthetic action, respiratory No health risks reported

system stimulation)
- Inhalation hazard
- Chronic harmfulness of aquatic environment

CAS No: 8008-20-6

CAS No: 8001-22-7

Tail
Fly ash ——| Flotation — | Hydrocyclone | — CA
uc ™M

Figure 1. Clean flotation process of fly ash.

2(UC, CM, CA)= 3]st th(Figure 1). Y402 FRAE
TN PFRE ESAR 0831l 7| A= AF-659F o]
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Kim et al. [23]2 HAP|2FEH UCE FRAEsH] 915t
AR SHE ARSI oY TS} Eot WA R E <l
% Fee] otsfz Aol Agsir17t oleigch. 14 s
Moz oS 23 23} UC Rl Aze)s o
3, 484 Ul oRE 22 et mepd ApHol
T AT ATAS Y] stol HEt ol WA
Frohs Blol2A AReletAl 249 ZpA| th4lol AE4
2dlo] B5A)E ARsIen, olal 4EH oY ZA| F
7 HEAol1 ol 42 XITHFE A2 24 HFF
£ ZFAE ANSSHITE SR RS 542 Table 19]
YeRlow, tefet fa4dS UEtlle SRl wiete] ti+
29 R4S A wuEA) ettt

UC 345 st AdEE AXE XFDII Flotation machine
(Nanchang Liyan Mining Metallurgy Co., Ltd)S AF&-5}%2.H
(Figure 2) E-9-4 A3 2712 Table 201419} Zo] &82]9] 5%
= 30 wt%, WHEAIZE 10 min, 5-8-A]7H(flotation time)2 15 min
07 sttt ZFA (G, T2 71 A (polypropylene
glycol, PPG)= AFA AdS AA A 24 £ 279
Sl 42 2 g kg' 9 05 g kg FYSte] UC 3182 vlast

At

2.2.2. HI3|22E Q8A5 5|4
<
T

2 AdFoME HFERE 2

(b)

Figure 2. Photographs of XDF II Flotation machine employed in
this study; (a): conditioning, (b): before UC flotation, (c)
: after UC flotation.

Table 2. Experimental conditions employed in this study for the
wet flotation separation of UC from fly ash

Items Conditions
pH 9
Slurry Concentration 30 wt%
Conditioning time 10 min
Flotation time 15 min

Kerosene 2.0 g kg™

Dosage of collector Soybean oil 2.0 g kg

Dosage of frother Polypropylene glycol (PPG) 0.5 g kg

(flotation separation)} B4t 8-H-S ALE5h= RGAE T3
i A| 5 hydroro-cyclone £ 284S =stgict. HlAR| <}
<= E3tsto] 30% w29 27t Heg & § ZaARL
FRE Fofoto] 10827F 2745 gt 27707 =4
71ZA|Ql polypropylene glycold H-8-4E A2

St UC H-RAE-E 3gict H4] Y UCE 800 C o]
A1o] 712 ZANAE wALE AEo|7|o B4 B &&
“d(wettability)o] /= o] A e SaHTt Yoz
Bg40] e E4S malth4l.

Kim et al. [23]12 CM, CAZ 2a]5}7] 93] H,S0,0] 2J3t A
Al g o] ol Z4AQl Armoflote #182 AFEIIF O LY,
AL EAeE Abdul #2ul8] HrhE R et )
0] hydro-cyclone2 2 TOJA|- £l CMS EF3IEE 542 7f

m o = g o
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Figure 3. Photographs of hydro-cyclone in this study; (a): feed
pressure, (b): under flow.

A15F9It}. Hydro-cyclone 3782 ¥Ag o] Q3] AAE £sk
= AH|EA] PINYAHE cyclone FRE FEEIL(CM), ZHY
A= SR WEETHCA)(Figure 3). 2 Aol AMGH
hydro-cyclone “dH]+= feed chamber 217 75 mm, vortex finder
2173 20 mm, apex valve 2732 22 mmo| i th(Figure 4). 4]
27 Ao BL 27} Fofeel Sele] ES 10 wourA o
F2A skloH, feeding 42 0.7 MPax F-A|5H T 3
hydro-cyclone AH]A] B#917(Dsg) 10 um ©]5HS] w4 Y=}
(T2 CM YA de S ZEE SIiTh

2.3. EYEAN

ZFAR AEEH 559 dFRY E4& gotEr] fistod
Z QA E3LF7|(FT-IR spectrometer, Thermo Fisher (IS50))Z
ZF 7o #5718 BA6H B3 ¢ 3]4H UucY i
QB R o2 e YAEA 7 (micro automated elemental
analyzer, LECO (TruSpec Micro))& £435}%c}. Sl+H
AE(UC, CM, CAE9 7Y EAEAS flsto ?‘*}ﬁxﬁ—‘i

0] 7 (scanning electron microscopy, SEM) JSM-7001F (Jeol,

Japan) 0.2 EHFAE EX5IH T, Y54 7] (mastersizer 2000,

Malvern)& AH83}o] £4154 MO 2 8 $-84%50] U

2ES 2T 290 SH 4RSSt 9istel

MXF-2100 (Shimadzu)©. 2 XRF (x-ray fluorescence) 42 A
Alotoiet.
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B a7 A9 ¢ Y= Kim et al. [23]0fl A} Zo] FZ53]
404 St & 2R gr)=E fAdgy F w4t
NS AHESFQITE Kim et al. [23]0] T2 H]AAjo] Eog
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e 6;.%6} ‘2101 A E"‘EH 01*25, g, B ?J
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90 pm O Bt 10.7%= YEhETh B3] 35k 24
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Figure 4. Diagram of hydro-cyclone in this study.



Table 3. Chemical composition of fly ash and recovered UC

Composition Fly ash [23] UC-K [23] ucC-S
CcC 5.2 52.54 4227
SiO, 47.35 20.42 30.69

ALOs 22.49 11.05 11.05
Fe,O; 6.33 2.05 2.05
CaO 5.45 2.49 2.49
MgO 1.87 1.35 1.35
K,0 1.13 0.49 0.49
Na,O 1.37 0.56 0.56
TiO, 1.16 0.61 0.61
MnO 0.1 0.05 0.05
P,0:s 1.16 0.59 0.59

3.2. IXH|0f T2 UC sl

7 HFRE ARESte] BRAE F400 o) HAA=
HE dojA UCY 3|4E(recovery ratio)yS Table 40f LFEFY
Rt UCe g8 theol Aoz Hofgi.

Recovery(%)
_ (858 ucel A

= FH Uce ccxR %)
(M3 A=

x H] 3] 8] COCZA%)

* 100

UC+= i}iﬂ‘f‘éﬁiﬂ B iR 25 AAI5] 7HEA
o, fly ash 7 IFoflA Yol BFA] kL ol = F
39 ?M—“—O]E} 33]9] AAATNE Bt *}%ﬂ‘ﬁﬂ}
s ZFAIZ ARESHe] 358 UC (UC-K)S| B+t 34
73.4%, WFHE ARESto] 2l4E UC (UC-S)9] H+t QJT
&2 8B8%E YEY ZFAE SR04 dFRE AT
EH4 Bt 22 UC 35&S 45 & ST diFRol 93t
Uce] 3l&o] A4 Uit A2 5/ A=7F 10 P, T
Y M7t 80 cPE HFR7t SRl Hlsh HAdo] 84l o =
o]— o]E] 1:}]1: 0_,] =o ;G/goi —5].04 A—]I:H = ‘IH UCQ,]
%ZWO] F71E7] fEel 2o g A"k 5RE 9RE
FolA dojAl= AR dFoE FApTE Co~Cis?l
fﬁg} EJ@}#i«l SREOIY, HFRe fAI XIS U
El= 8 e =gt et v foll &b, tiFR 100 g 3
23 16 g, Y EXSIAE 23 g 9 tFE Bx5A)HF 58
g& EFSHL Stk BTy diFfe oS S8} drk-Fsd
AHC-18:3) 7~ 10%, 2= AH(C-18:2) 51%, G X3} &
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Figure 5. FT-IR spectrum of kerosene (a) and soybean oil (b).

HAHC-18:1) 23% 59 oIS & i} WARE 9hRstar
Q1TtH25]. Brandao et al. [26]-2 Q137419 EQAHZHof A&
A 0de ZLAZE AFRSHGTE o %—8— microflotation E|AE
oA ZFAR editat SH4AY] AHHARS ARESH=T
gEglihE AT o BRAJ0] BS A =] Al
ELA 9T o= AOCF FQIE A, bench scale flotation
o A& dl= e FA FolA FEElite] 7ME SRS

FHE ZFAE AHEE o 7MY B&0] £2 AR Hi
sttt wWEbd 2 AFolA SREH HFERE ZSAE A

|5t UCe] gJgo] F7IeE AL tiFRol =l Q=
E‘r"&oP EX3} A4t ofs uce] RRAdo] FdE AR
o] AR

2 Aol A ARERE SR R Z5AY EAAE &
= FISFOFT-IR 42 53 th(Figure 5). Figure 5(2)9 5
FT-IR T3 0] A= 2954, 2921, 2854 cm™o|A] alkaneQ] C-H Z
TS UeEFHAT 14629} 1369 em™ ol A HE1FS] C-HAF
= UEHH I Figure 5(b)2] thFf+= ZE3eHal4=49] C-H
A3} (3006, 2924, 2850 cm™) o] Qlo] BE5}IEFSIS=A0] C=C
A% (718 ecm™)o] YEFFI 1742 cm™'9] C=0Z2% 3} 1160
em'o A 9] C-0ZAF o] Y=L, o] 352 F2 g&d
AF9] FT-IR 139} AA|5FTH27]. wWetA] thF/E AHES
o Rl 23E sgitol] it /A FFLE H|F
B UCY 34g0] F71t A0 & Atgdr. ZLAE

o S

O

I

2%
B4 tal] BhFRE A8OR UCY B58e 7t A7
2 2yt ofUs} S6o] % o B BAE HET 4 9
otck
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Table 4. Dependence of UC recovery ratio on the two different collectors (kerosene and soybean oil)

UC recovery ratio with kerosene (UC-K), % UC recovery ratio with soybean oil (UC-S), %
1* test 74.6 85.4
2" test 72.3 84.8
3" test 732 87.2
Average 73.4 £1.62 85.8+1.25
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Table 5. The Results of CM yield ratio

Flotation separation

Hydro cyclone classification

Feed 300 g Feed 500 kg
Froth over flow
(concentrate) 30¢g (concentrate) ke
Tail 270 g under flow 410 kg
Yield 10 wt% Yield 18 wt%

FRAEZAC] 93 uC l‘T—‘r’ri%‘ ?— TRERTE vy
CM dAe} CAS &25H7] Al BAF &HS ARESHAl L
hydro-cyclone2 ©]-8&3}0] Y= *‘1“&0]'—— BHEETE= ol&
Sk} Table 5= SH4to] OJgt A G GollA CME 21 F7
5tel oA Wk 3} AR NG ARESIA] 9= hydro-cyclone &

HAH SR (yield) MTLTF. CM2] FELL Th9] 4
o &gt

X100

Yield(%) = ——=
i=]

2% : UCE E8 35} Y & hydro-cycloned]] FYH SYUE
AL AAE CM &5

A BoAd 3lo] 353 CM2 82 10 wt%, X-IX-L‘:J_Fq
ZAO] oML 18 wi%S YER|QIL AL NS Algel=
A 3A4S ARRSHA] Yot w2 88 9S8 & 3191
o wEhA RS HE ARESHe] CME deo R
AL 8ol ARg0 2 QI3 A S HHAS YA

o=
T A 2 MO 2k e 5 A

34. gl-’.“-EI UCQ| EtAstat

A2 AFESHY] 3]423F UCS} Kim et al. [23]9]
A 5%2 ZLAR AREoto] dojxl ucY IEHY JEE
XRFZ £43}0] Table 30| Blwato] LehfQlct. 348 UC
9] AA7HsAE(combustible component CO) &FH2 57E
ELA R ARSI 345 UC-KY] 4L 52.54 wi%, OIF+8-5
ELA|Z ARSI 3% UC-S9] A9 4227 wi%E 575
ARESERS © CCO RFdol 10% B A YL, SiO= 2t
7+ 20.42 wt%2} 30.69 wt%i PEGE AL51S o 10% ©
=A YT oA e ZPAR ARESH St
ucol g+ Zﬂﬂﬂxl 3k CAZ} U5 Fot QlojA FeollAl
Si0,9] FH|7F tha E=A Yehhe o2 motEd vlF]
9 3H UCo] CCo ARAAE Lot y] Y5t vl A

ULEA7|R &d, 4, Ao 9 9] kS FA4510] Table
60l Yefiolct. 40] F2 BlAEl7E 4.37%, UC-K= 4.45%,
UC-SE 4.6%= 58-S AM_3SH ﬁo-or(Uc-S) Etaglefo] tha
=2 A0g ZAEAY. 49 $HFS UC-KE UC-S7F A9

H|5H AL, 7Rl 2 EAGHA] Y= A& AL
o} wehA CCe BT ehAaAd B0 UC-SQ] CC o] UC-K
of v thA WA CCO FAAFER] ©Aa9 T2 23]
2 A UEEth

L

AT

A

=~

MY

3.5. 3|l+EH REHEC EY
Figure 6= 422 ]— H A ZEE 590} RS
A2 AFg3lo] 343 UCO] SEM olu|xloltt, 595 xa
A= ARGSA 353 UC AR I 139 JA7E A=
A 2 JojglE Pt Y YA HHLS TrkshHA i1l
Ha 7150l AF FA=] AU HFF-E AT A uC

(b)

Figure 6. SEM images of recovered UC with kerosene (a)[23] and
soybean oil (b).

Table 6. Chemical element composition of combustible compound within fly ash and recovered UC

Sample Carbon (%) Hydrogen (%) Nitrogen (%) Sulfur (%)

Fly ash 437 N.D N.D
UC-K 4.45 0.0265 N.D N.D
UC-S 4.60 0.0264 N.D N.D
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Figure 7. Particle size distribution of recovered UC with kerosene
(a)[23] and soybean oil (b).

ChFE =2719] 3 3} Ak FAdskar L #Ro] AW
7150] ol FA=o] lon, AAEo] AR JA Fole
B/5HAl ¥ar Z EeEo] EAstqict. F /Y Z5A
ARgSto] 343 UCY] Y= BA43 ot Y7 (Dso)=
35 pmZ ME FARSHAtHFigure 7). 34 UCE L% S
A=z o] &L AF UCY YARA7|7F A5 ol[8&7t 37t
st Ee=dl, RS AR AMSShe] 343t UCe #9
o] AMHA thg/dolet Eafste] nHo| YRR wHE7] 471
ol A8 2AE Z8E7t HE 71 AR oA

Hydro-cyclone 230 Q) 342 CMIt CAS] SEM ARzl
2 Kim et al. [23]9] 284 £&2]st CMT} CAS] SEM A}&.8}
o] mlusto] 27} Figure 83} Figure 99 YEFH I Kim et
al. [23]914] B85 CM (Figure 8(a)) Y=o =277} 2.1 ot
It 22 AAEC] AR FAHA £27F & o] FoIA|A] g
A& & 4 AL CA (Figure 9(a))= 25 pum ©J5} 22 T3
o] A7} v TR E Qo HREE 25~90 pm =719 Bl
Fo] YAEE ETC|EL EAQ F3o] FAo| T35 &
=2 gkskth T8y FAERYTES ol&diA F4tt CM
(Figure 8(b)) HiF-& AA=7]|7F 22 F39 FAo] FH
SHA AEJL YRSl AR F £ Holxl AogE #EF
Q11 CA (Figure 9(b))= CMETH= IR 7|7 & L0
2 QAE0] AR FE6HA Ee o] WEESIHY. o] A=
Figure 109] YJAt=7] E2X E/4oA% A=t o] dF5H
of 93] 3l5E CMOIA 5 pm °5ke] UYRFE= 29.1%, 5~10

Mo my > e

Figure 8. SEM images of recovered CM with chemical mixing tank
(a)[23] and hydro cyclone (b).
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Figure 9. SEM images of recovered CA with chemical mixing tank
(a)[23] and hydro cyclone (b).
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Figure 10. Particle size distribution of recovered CM with
chemical mixing tank (a)[23] and hydro cyclone (b).
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