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ABSTRACT

The objectives of this study are to identify the physical, chemical and microstructural properties of
coal fly ash and to increase the industrial use of coal fly ash.

Experimental results show that 3 major constituents of coal fly ash are Si0O,, AL,O;, C and coal fly
ash includes the crystalline of Quartz and Mullite. Coal fly ash are classified into 7 groups based on the
type of microstructure. Cenosphere is divided into floater and dry separated cenosphere which are con-
sist mainly of Si0, and AlO;. Cenosphere segregations are formed by adsorption and neck growth of
the smaller sized cenosphere particles on the condition of the high temperature and air pressure.

1.4 8 A gwelehs AR A ARlel A Ak A
» o] zde] Fufgat tEe] Muhe) Al gk

Ak A AAS szl F A7z AE - AEHHo g ol Hrbelr). T A%
bt BAAAE dFoRA duize] A 2AdR-7F w3l Br] dYed A EHde) a2l

185



olg Al, 2%, o}7]7},
A= 20063744 143 Fetel fFAsEHA
257] 13179hkW, dzteids 147] 12804

kW, LNG# A4 127] 6329kW, o]g]e] 47,

o
aus
T
T

o

o]Fo= Y

Az wbAef o EshA = Aold, et A
Ad) iR Z F5E o|F HeR oA
Ze}

e e stepitd Ao PAEE FAE
Ql ME3)(coal fly ash)zt= #A7E& AT
th o] Mek3]E <lebekel 10~40% wl&E A
AE 7] el wls, d¥, 3 5o Azl

o=
ox,

A AZEe] A4 HArEe] gAYy e
dFo 2 o]F Mrr3 o AL wibqhe] iyt
Aol wxtE sbsta e AAeld 1, 2].
Ag7tA) Aeks|E o433 Adsle] wigh AT
= AWE ol A, AFAME, ER, 5 F
Al Roksol FHAstA #8317 Hsf AT
7b A gFolvt. I vl d2o] Aeks] A
Zge dpugre =34 37pAE FREE,

u] 7} (low technology) Aej= M=r3]E o<
o2 Hesh+ HoH(AE, i, AWE A=,
E23t2), A4 %), 77} (medium technolo-
gy VI E o]4-E& ol AuE &3, 4
w22, H7bA 5), F7F3(high technology)
A E S8 EE Eol( A, AaEA, +7)

E35) $o2 TR T @A Agsta 9

L
-

o detse] APERAdE o) AR g o
2ol AAF e ABEES 30~50% <)
W wlal Fue) ASelE ABEEs}F 10%4

= wtel HA ehol AWAE ATFAI] 9
A A7 e AFE AFolTH3].
sEudscld ¥R 44 Auss
GG HE AFRE(AYA, AA, AF
B), sheuae) dazd, Aged 2 AR

el mep 42 b Am SAL e

gl HHHez ArE TFHI AAAE
QR st Adssts el Felud

186

i
ol
o
kel

2 o
il

aul

.2
i

u
2
Me

[
-
2
E
gk
oo
ﬂo‘—"

Ir

gy ©
A
a2
o
£

o J
o
iﬁ;
b
=

ke N ok
e
%
B

X
o

I
[o
©:

o

i)

>

ft
o 8 ook ([
Jor

o
i) A% o fom
£

-
> ox

Ho fu Lo
to mfu
on

>,

£ oo e
" £

)

N

N

B

2

Sedigraph® £33 X-ray
Diffractometer( XRD )& A&3}o] Melsje) 2
FArE zAbste] o0, Scanning Electron Micro-
scope( SEM)E o|-&3te] Alut3Ee] dubH
4R A)E st w1 Awrs 9] g
Z AAe F938l7] 918 X-ray Fluorescence
(XRF), Wavelength Dispersive X-ray Spectros-
copy(WDX), Energy Dispersive X-ray Spec-
troscopy( EDS )& AH&-3tof 3}3tx =4
A}&l 4l o, Electron Spectroscopy for Chemi-
cal Analysis (ESCA)E &3lo] A=tz =4

A A T& FA Yo, APtz
Fasty] Hste] AvbE e pHel wh&
¥ £33, KSL 31137F 4 2 A
= AlgE solch HFHoR ¢o A
EdEste] oAFz2E A3 Aged,
XRF, WDX, EDSE & o] &3l mAlF-22 3}
g AdRe Al

3

Z

as

z2 =

o



43 =
HAe] 2e] E
YA, olZals] Mz YA, HA o
A3 getalch Algks] e
we} 3A BF3td bottom ashe} fly ash
23t} Bottom ash®= 9424 3 od4H
o] dirre] FHHE WEHE w3}
% AMebs] wreke) 10~25% A %S AR Fhr),
Fly ashe <«d47bzo] 2lste] w4k H2 50
FAZAAAQ AelzE o AHUFHAZ A ¢
sto] AR AR vlda Myr oA gzt
ol A] wpito] osle WHAE = FEoB T4
Hleo) dem F Aebs] HAske] T5~90% &
A5slam ok Mut3)el fly ashes Zdig &
k19961, A7 400qHE %) 9 14 w
sg 2] E A 2} mullite?} quartziyg F-H T
a7 el 9 TE} 4 5o £ - g
2 BEAdo R Qs rfiebo Az AP435
7] 9% A7)k sl A EHT dei{4].

o]

38e

oPL

3.2. MEets|e 2| - &8N ME

Aersl g ABLEr] AME
Mersle] Ee] - shehA AAE
b Mersle] Al AAES
#42 g 2R AEE 9
obs FUHAI A AAA ]
2] Abglo g AEa}7)
sata Azl Bog slo] MHEels|E A
Fogd EA-g v d& 7 Uk 4
o3 AARAME AR, i xe og
A, 438 9 g5 s FFeen,
o st xA, Ay U Adzsd 24
o] spstd HAg A4

Mersjel gl AAE ohg 2o nis)
Aok, A=r3] o) Mape dumtden HAL A
v glew azFol Frihgtel we A

SRR}

o] od 25k

187

2o g Wy, HEofo] eod ghFYo g,
cenosphere ofo] Weo ™ Mo g wW3lA
v} AHebs]e] Aqabe] Wt AE
AR el ofe] vyl sheEte, #Ean] e
g AMe] §o]3fct.

SEMell olsf da=d A=ubs|e] dykagl ¥
A& Fig. 1o veblido). Fig 1o BdE 8
HEo) Bats] HolAgl A AF] FAste] )
we LHFskd 77hA & 7 s el xlcl Ceno
sphere( 3 4! #}), cenosphere -+314), #A¥
e, 43 ell, graphite® e, whisker3 =] 2

“20. 0

3 %
8.50kx

023

Fig. 1. SEM photographs of coal fly ash.
1)graphite  type, 3)
cenosphere segregation, 4 )mineral type,

2 )cenosphere,

5)planar type, 6 )whisker type, 7 )planar
type of glass phases.
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Fig. 2. XRD analysis of coal fly ash.
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Fig. 3. Particle size distribution of coal fly ash.
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Table 1. Chemical composition of coal fly ash ( XRF analysis)

Composition
(wt.%) | Si0; | ALO; | Fe,0s| CaO | MgO | Na,O| K:O | Ti0, | P.Os | C | Ig--loss

Specimen

55.13(22.37| 1.14 | 046 | 0.09 | 0.02 | 1.26 | 093 | 044 |16.70| 243
5255121.25| 096 | 050 | 0.13 ] 0.02 | 1.51 | 093 | 0.35 {2031 | 1.75
52.16(22.07 0.66 | 0.32 | 0.10 | 0.02 | 1.61 | 094 | 0.32 |19.68| 1.59
55.73(23.12| 0.69 | 0.34 | 0.09 | 0.02 | 1.65 | 099 | 0.34 |1560| 1.38
5052(20.20| 0.84 | 0.34 | 0.07 | 0.02 | 1.52 | 0.94 | 033 |23.11| 1.97
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Fig. 4. ESCA spectrum of coal fly ash. (a) ESCA spectrum of coal fly ash, (b) ESCA spectrum of Si
2P and Al 2P.
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Fig. 6. SEM rrﬁcrographs of floater and dry separated cenosphere. (a)floater, (b)dry separated
cenospheres, (c¢)equi-sized floater, ( d)cenosphere segregation.
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Fig. 8. EDS data of various cenospheres.
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Fig. 9. SEM photographs of cenosphere segregation.
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ZAF Quantification Method
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Element K Ratio Weight % Atomic %
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Fig.10. EDS data of cenosphere segregation and coal fly ash of mineral type. (a) cenosphere segrega-

tion, {b) coal fly ash of mineral type.

197



3
kot
e
o
olft
dg
2
N
ol
oy
Jo
&
of
o

233, o4

2%kuv  2.00kx

18kuv 1% .8

23kv  1.2@kx

K (d)
ZAP Quantification Method
Blemonts ZAF Quantification Metrhod

Blement X Ratio Atomic & Elements
............................. ceaeen Element X Ratio Weight % Atomic %
(33 ©.0004 . w02 b e
ox 0.3149 22.855 33.992 -3 9.2127 39.32¢ 52 620

nx 0.4143 32.656 28.799 o K 0.1918 20629 28 760

six 0.4336 41.292 34.984 ALK 02230 12044 7174

KX 0.0368 2.935 1.823 six 0.3728 20.003 11 446
Total 100.000 100. 000 Total 100.000 100 000

x
Toe 200 300 &0 S0 800 700 800 500 1000 TTT Yo 20 s, 400 Sm 660 70 86 500 1000

Fig.12. SEM photographs and EDS data of coal fly ash with planar type. (a) SEM photograph of
planar type with little carbon, (b) SEM photograph of planar type with large carbon,
{c) EDS data of planar type with little carbon, (d) EDS data of planar type with large carbon.
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Fig.13. SEM photographs of coal fly ash with whisker type.
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Fig.14. EDS data of coal fly ash with whisker
type and glass phases.
(a) coal fly ash of whisker type,
(b) glass phases.
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Fig.156. SEM photographs of glass phases. (a) planar type of glass phases, (b) surface morphology.
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