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Aekste WA e Aets]| 2 A5 =t v 2(fly ash) 7 80%, A 2(bottom ash)7} 20% H]-&= LAY L) Ty
ol th &2 -G A Fokar v Pogdol A H 7] H 1L 91z, vl D A3 5 v Y= v Hodo] x3E A A2 1)
A v Fg-S AHSHA Zohe T AL AL &9 Ak ot AT HAAT 5= A 2 A tolA= I E
Ag-gsto] 2L tsl7] sl 54 FAH7]&(FARE) S o] &-5to] B3] W {848 {7] A2 (unburned carbon, UC),
5-¢}o] E(ceramic microsphere, CM), A @] 7}(cleaned ash, CA)} & 3]4=3}9 01, 3|4H G8AJES EXJEA O ALY
22 QL 7ML ZASEGCE v 3 25 E 3]4H S8 A8 0] 3482 UC 92.10%, CM 75.75%, CA 69.71%2 1
AL Fdte] UCTEF o8 AR ET 3l480] 16~22% § 8 Aoz Uehdth UCY Aa7ks dE(combustible
component, CC)-& 52.54wt%, BFASFE 4,232 keal kg'' 2 =obA] AEl 7|5 C2] &2F 100%Y 7% 8,100 keal kg 2 7+okst
o) 4HG-8 AR RE ARgo] 7Hed Ao Alr Tk CMI}F CA9Y| £2]=pHY| ¥ o2 UC Hrh= 315H4 fej7 a4 o]
Ao, 3]H CAY Si0; TF-2 78.66Wt%, CM 2] Si0; TeF-2 53.55wt% 2 UEHL} AFY -8 & 2 Afeh-§ 72 &<l
5= ek

01 : AEh2], 8], A1 g A, Bl olekas

Abstract : Upon the combustion of coal particles in a coal-fired power plant, fly ash (80%) and bottom ash (20%) are
unavoidably produced. Most of the ashes are, however, just dumped onto a landfill site. When the landfill site that takes the fly
ash and bottom ash is saturated, further operation of the coal-fired power plant might be discontinued unless a new alternative
landfill site is prepared. In this study, wet flotation separation system (floating process) was employed in order to recover
unburned carbon (UC), ceramic microsphere (CM) and cleaned ash (CA), all of which serving as useful components within fly
ash. The average recovered fractions of UC, CM, and CA from fly ash were 92.10, 75.75, and 69.71, respectively, while the
recovered fractions of UC were higher than those of CM and CA by 16% and 22%, respectively. The combustible component
(CC) within the recovered UC possessed a weight percentage as high as 52.54wt%, whereas the burning heat of UC was
estimated to be 4,232 kcal kg'. As more carbon-containing UC is recovered from fly ash, UC is expected to be used successfully
as an industrial fuel. Owing to the effects of pH, more efficient chemical separations of CM and CA, rather than UC, were
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obtained. The average SiO, contents within the separated CM and CA had a value of 53.55wt% and 78.66wt%, respectively,
which is indicative of their plausible future application as industrial materials in many fields.

Keywords : coal ash, fly ash, wet flotation separation, unburned carbon
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Figure 1. Experiment process of wet flotation separation.
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Table 1. Optimum operating conditions of wet flotation separation system

Items 1** flotation separator 2" flotation separator 3™ flotation separator
Chemical stirring time 15 min 15 min 100 min
Collector Kerosen-e 1 Keroser}e_:1 Armoﬂot?-’il 8
10 mL min 3 mL min 4 mL min
e -
pH 11 11 2
Slurry concentration 25% 25% 20%
Residence time per cell 5 min 5 min 5 min

0

ARGl o, ZF RATAE 249 xS Table 10
et ik 12} 9 23 B4 Hof| o SR AN dEs
Al vFle} A, 72A] @ E39] 2A WA 15
min® 2 FESHPIL 12} FAoA Z4A 9] F g2 10 mL

n', 7| A FU#HE 8 mL min' Y uf 7} UC] 3]480]
Foton, 22 Ao UCE Fstal o 9] AAED =
A 9 pH 2 EAE &3t 33 RAAY ofF =g
o] & WHIAZFS 100 minC 2 Hr} 71 AJ7ho] A8 E ok
12} 923} RS 913 ofFoll= 33} Ao A AREsHA] oF
= 7|ZA7 ZFEOEN oFFo] F ¢ WmEL dsHA &
SEE Aoz AT 33} AN ZeA A £
22 4 mL min' 02 ZAE] QT pH ZEA 2 3F2HH,S0,)
o] U2 20 mL min' 22 3w CAS CM2| 3]5=£9]
71 =A YErsth

12} 9l 22} BAGA A UCE 34T uf pH 119] o U7}
gz7oA HE ago] A UEgen, 32k FATA A
CMI} CAE 3|3 wj= 74 249 pH 29| 3g0] =
Al vrebsteh o] A2 CMI}F CA 9 o}ekA¢l fej7t Ak =4
oA B & dojupr] w&Eel Ao AtRH T 12 E 23
FANA 829 FE= 25%Y o 32 A= 20%Y
o A a3t 7 22 A0 2 UEy

3.2. t|&|(fly ash)o| Ed=24

APt o s FUWF AT 30~40% F= T FATHS
S 15% A% B4 slio] Byl glof gk Ak A 4
37 EAEY, T B dalk, ©F, E4dE
AFAIZE Soll whet of 2 7hA] EE|ekebE Q] U= ke
ok Aetse vg3Ad F ARkt ddRl FEAAR o] Fof
A glen, dRbA o2 1 umoflAf 100 pmA o] A7 2 o] %
ofA AUtk t3A 8 dAeh Teet 7 AR EAY v
2 YA, A F7F 22l dxago] wet tha 2}
o7k YA, HAA o2 5:95 HE== TRt FERpe]
Aulgo] A el 2 Ao A dEs g3y
oA shdbd & gif& w7 H = HAes] 5 82(fly
ash) & AH§3HeT.

Figure 2= P22 AMGEL H]5)9] FAPHAHE] % (scanning
electron microscope, SEM) AlLZ ot} QIA}Q] = 7|&= Alols}

Figure 2. SEM images of fly ash as raw material; (a) x 100, (b) x
1000, (c) x 2000.
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Figure 3. XRD of fly ash.

&2 oebEar, v J2 A REe daE A
Z>(unburned carbon)@} HIISEZ A bl AEtA 2] X H
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wglo] ARFEE Pohmsl $Iste]l XAl W(Xray
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237} 27 UeEREI 17°, 26 °0] 4] Mullite (AleSO13) )=
7F 2 #EE oM, Gypsum (CaS04:2H,0)9] 3|3 %= H|
% SRRIEYIT 2 W20 WAL Adstel Baket shgom,
Tridymite7} Bt 84.95wt% = Teku] 7} &A 2ALE Qe
Mullite 9.15wt%, Quartz Swi% =02 ZAFE| QT

ujsle] shsbd 249 orolmy] 9Jskel XA @B(X-Ray
Fluorescence, XRF)E-4-& 5} 0w, Ai}l+= Table 29} Ztt.
Si0,9} ALO; AEQ o] 69.61 ~70.11wt%o] a1, CaO<2}
MgOAJ B o] Z}ZF 531 ~5.53wt%, 1.86 ~ 1.87wt%o|H, &3]
FeAdHo] 6.18 ~ 6.48wt% A== WA =7 UeRytt v 3]
£ 800 CHEL 1oz ZaFo] & uiztx FIA7H
AR5 AL AT E(C, Coyoltr (ST Z& 4
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Table 2. Chemical composition of fly ash as raw material

Composition Content (wt%) Average content

Itest | 2™test | 3"test (Wt%)

CC 4.70 5.29 5.61 5.20
SiO; 47.45 47.48 47.12 47.35
AlLOs 22.36 22.63 22.49 22.49
Fe 6.48 6.33 6.18 6.33
CaO 5.53 5.52 5.31 5.45
MgO 1.88 1.88 1.86 1.87
K>,0O 1.12 1.14 1.14 1.13
Na,O 1.35 1.45 1.30 1.37
TiO, 1.17 1.15 1.15 1.16
MnO 0.10 0.10 0.10 0.10
P,0s 1.17 1.19 1.12 1.16

Table 3. The results of UC recovery rate

Test Dry weight |Content of CC Recovery Average
Sample o rate o
No. (kg) (Wt%) (%) (%)
D 13.67 4.70
1 92.63
©) 5.45 0.87
D 7.52 5.29
2" 92.83 | 92.10
©) 2.13 1.34
. D 13.66 5.61
3" 90.83
©) 5.45 1.29
3.3. O|gEEA(UC)e 3l H EHEXM
UC+ st ao] Bdejd Wio 225 AAs| 714
of| %

Al o, fly ash H & 14 oJeto] B} x| ¢k o} 9l
e Yol 339 EREAAN 13 8 24 2
Ao g v 2EE UCE 343519, UCS 34

o 38l ARAE Haolel Ao Hudoge
92.1%2 AP 7 LERkeh(Table 3). 3-g-4190] ola )
S 23E UCE AAsk: Aol gt Al wol SaE 9o

U SE5A| 24 keroseneTt ARESE Q- njddgkA o] HG A7
50| 7] FYTHI3,14]. T} B Ao A= kerosened}
A 71ZAE Dol AFEFOEN BR{AT Szt o] FFE
o] UCY| 3+&S 57F Al & Usleh

845 UCS] S 4RE XREZ HAJ5H0] Table 4] 1}
EF itk A2 S ARCO)S] o] Pt 52.54w%E =
Al UFERF T ALOsS} SiOs ZFZF 20.42wt%S} 11.05wt% &
UERg T CCo kol A et A2 25A= AFEE
kerosene @] BbAAJH o] ATk ZFE|o] Q17| wjFolt}. 1E|al
ALO; 9} Si0,9] JFFo] thar w4 Uehd A wddgka Y}
o F3Aolo] Azizlot FRAE EAE e Yrkgo] =
= Q7] el Ao g afobH ) n|dAska o) XA 3 - EA
(XRD)Z 7} Tridymite (Si0;), Quartz (Si0y), Mullite (Al¢Si;O15)
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Figure 4. XRD of recovered UC.

Table 4. Chemical composition of recovered UC

Composition Content (wt%) Average content
1 test | 2™ test | 3" test (Wt%)
CC 55.86 52.01 49.76 52.54
SiO, 19.78 20.10 21.39 20.42
ALOs 10.29 11.09 11.76 11.05
Fe,0; 2.10 2.03 2.03 2.05
CaO 2.36 2.48 2.63 2.49
MgO 1.26 1.34 1.45 1.35
K0 0.49 0.48 0.51 0.49
Na,O 0.49 0.58 0.62 0.56
TiO, 0.61 0.59 0.62 0.61
MnO 0.05 0.05 0.05 0.05
P,0s 0.55 0.59 0.63 0.59

o] W77} 2 72| Q) 11(Figure 4), TridymiteZ} B 90.4wt%
2 g7} =4 2AE] S S H, Mullite 6.9wt%, Quartz 2.7wt%
O 82 ZAE QI

2] 24=¥ UCQ| SEM o]n|#|+= Figure 59} Zth. of
2 I AdRET 7+ YAEe] AR FxsH
20008 = SFoigh ARRlof A= & A YAtel & 7]
I 71 Qb = umé] Y YAEo| 7)ol E2Eo] Q)
o] EAolt}. UCS Y=EE B4 A7 Figure 6) 5 pm O]
3l] oAt Bt 11.6%, 5~ 10 pm 8.4%, 10 ~25 pm 17.2%,
25~45 um 14.8%, 45 ~90 pum 26.5%, 90 pum O]AFS 21.5%
Hl& 2 A I 25 pm o]5ke] 2= UC YALE] 7]+
23 E o] 3l EefolE 9 A7) A2 wtEh e
UCe Hrdeke 2% 3,876.6 keal k', 2|11 4,547.5 keal kg’
2 Z2A4Eon, it 42320 keal kg' & LFERTH AE 7]
2 CO) 3EF 100% 739 8,100 keal kg' 2 7 o #7]&
HAEZ YRl A8 ARRE AMEo] 7158 A SR AR
Hrt.
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Figure 5. SEM images of recovered UC; (a) x 100, (b) x 1000, (c)
% 2000.
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Figure 6. Particle size distribution of recovered UC.
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Table 5. The results of CA recovery rate
; Content (wt%)
Test Sample Dry weight Recovoery rate Avirage
(kg) Si0, AlLO5 (%) (%)
©) 4.97 60.06 21.09
1 64.58
@ 220 52.79 28.70
. ® 3.96 79.03 11.39
2" 76.42 69.71
@ 1.57 5431 25.07
@ 4.97 70.28 14.69
31 68.13
@ 2.34 53.55 24.89
Table 6. Chemical composition of recovered CA 5
4.5
Composition Content (wt%) Average content 4
1% test | 2™ test | 3™ test (Wt%) _ a.g
0\0
Si0, 7838 | 78.83 78.77 78.66 =i
13
AlLO; 14.56 14.88 14.40 14.61 = 1§
Fe:0; 1.55 1.66 1.63 1.61 Z
0.5
CaO 0.93 0.88 0.92 0.91 0
0.1 10 100 1000
MgO 0.61 0.58 0.58 0.59 Particle size (um)
K20 0.95 0.94 0.93 0.94 Figure 7. Particle size distribution of recovered CA.
Na,O 0.45 0.41 0.45 0.44
TiO, 0.66 0.67 0.65 0.66 APAS B35 oH(Figure 9). 25 um ©]3} SEM AMA S B
MnO 0.03 0.03 0.03 0.03 o|EQ] Exo] 1§ Qlx}7} the: BT on Qx} I7)7}
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Figure 8. XRD of CA with various particle size; (a) Below 25 um,
(b) 25 ~ 90 pm (c) Above 90 um.
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Figure 9. SEM images of CA with various particle size; (a) Below
25 um, (b) 25 ~ 90 pum, (c) Above 90 pum.
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Figure 10. Particle size distribution of recovered CM.
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Table 7. The results of CM recovery rate

Dry Content (wt%) Recovery Average
Test [Sample| weight rate %
(kg) SiO, ALO; (%) (%)
©) 4.97 60.06 | 21.09
It 60.23
@ 2.20 5279 | 28.70
@ 3.96 79.03 | 11.39
2" 87.16 | 75.75
@ 1.57 5431 | 25.07
@ 4.97 7028 | 14.69
3" 79.86
@ 234 53.55 | 24.89

Table 8. Chemical composition of recovered CM

Composition Content (Wt%) Average content
1" test | 2™ test | 3™ test (Wt%)
SiO; 52.79 54.31 53.55 53.55
ALO; 28.70 25.07 24.89 26.22
Fe0;3 4.63 4.73 4.54 4.64
CaO 3.01 4.05 4.65 3.90
MgO 1.28 1.53 1.60 1.47
K,O 1.29 1.25 1.24 1.26
Na,O 1.12 1.38 1.49 1.33
TiO, 1.39 1.36 1.28 1.34
MnO 0.06 0.07 0.07 0.07
P05 0.70 0.89 1.12 0.90
800
700 |
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Figure 11. XRD of recovered CM.
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Figure 12. SEM images of CM with various particle size; (a)
Below 25 um, (b) 25 ~ 90 pum, (c) Above 90 pm.
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