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Drayton A&t &) 1.9] 3FAF-S FHo] vy 2 dedsle ob2A-¢ =mia] cracke] A9 gl AAFx
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Abstract— Drayton and Kideco coals in the bench scale entrained coal gasifier were used to
study the characteristics of coal ash melting, such as carbon content in slag, XRD analysis of ash
and slag, component analysis of ash and slag, shape and element analysis of slag, heavy metal
components in slag and extracted water from slag. Shape of Drayton coal ash slag shows smooth
and dense surface, few cracks and amorphous phase, whereas that of Kideco coal ash slag shows
rough surface, lots of cracks and pyroxene and anorthite as major crystalline phases. Carbon content
of each coal ash slag using as standard of reutilization of slag was less than 1 wt.% and so these
slag could be appropriated for reutilization of slag. Hazardous heavy metal components contained in
extracted water from slag were not nearly found in slag leaching test and so the environmentally
safe reutilization of slag might be thought to be possible.
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Table 1¢]] v}e}glt}. Table 16))4] ¥+ H}e} zto] o}
45a] Kideoo Heto] &%%1e] Drayton A]=bel] ¥]3}o]
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Table 1. Basic properties of coal samples.

Proximate Analysis (dry basis)
Drayton (wt.%) Kideco (wt.%)

V. M 38.72 49.19
F. C 50.29 49.13
Ash 10.99 1.68

Ultimate Analysis (dry, ash-free basis)
Drayton (wt.%) Kideco (wt.%)

C 79.33 64.12

H 5.55 5.20

N 0.38 0.24

S 1.01 0.53

O (by diff) 13.73 29.91

Calorific Value (dry basis, HHV)

Drayton Kideco
Calorific Value (cal/g) 6555.92 5670.26

Ash Fusion Temperature (reducing atmosphere)

Drayton Kideco
I. T (C) 1260 1265
S. T (°C) 1580 1295
H T (0C) 1590 1326
F. T (°C) >1600 1408
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Table 2. Operating conditions of BSU entrained coal
gasifier.

ZE 7k sHella] el o) FEo] Aol & Coal Operating Conditions
58 Fof 7hxsly] M- wiEEsc). vlEd o Samples  pressure (Kg/em’, gauge) Temperature (°C)
o] Hehs ovE Ty A2 27 TR Fawe] Drayton #1 12 1610
olem @7 4 mmo|u, THE $ emel] diPE = & Drayton #2 14.5 1600
8 Gelzel YAD Aot A4k sopo) By Kideco 4 s e

" Kideco #2 16.8 1640

SFich. o)} 3o chekit Wejz TAfsh Sl 1E w
% moba] EYRF Fol 1 Fold o 500g WED A3
54 200 w4 olsh2 EAT Fol 105CAA F 19
Ax AxA7 Fo BMA B2 AMgslgdr) mlEd &
Aozl BAE setalr] fslA Sl S AEukn
¥ ¥4, XRF(X-ray Fluorescence Spectrometer, Philips
PW1480, 7] 23} 82| YA F-2)E o] -4 3| &3} gl
A g9 AEREA, XRD(X-ray Diffractometer, Mac Sci-
ence MISXHF)E 0|83 ez v} shah2e] oo o
ZAA4+x =)o}, SEM(Scanning FElectron Microscopy,
Leica/Stereo Scan 440y o] -4-3led el 22] FHa o
o] w2 Y g A5k on, SEME $3le] 3
25 3o digk all2e] ¥4 gHekS EDX(Energy
Dispersive X-ray AnalysisyZ- o]&3}e] ¥413l¢lc) &
bl il e F559 Sz 444
5w A AE2QAg 23bH Q) S 2] 4%
£ AR YA A e T 4248
g Eale] 8252 A 23 F ICP-AES(Inductively
Coupled Plasma, Perkin Elmer 40, 7] 23}8}x) ¢4
2 ol 519 T4 FekEd S AAskch
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g 582 85250} wolM S5 EE Y] sla
37|24 SO E Y3 wlEr] 9l 9 )E
o2 o A A fluxBHW CaCOE oF 5 wt.% A7)s}
of AgE AAstgl o, olg 329 §HLx P4 T
< oF 200°CE &=} ol9} 2 HAhL S5
P2g HA e 9 3559 aluminosilicate 514
o d7|A AF3}E-<l CaO7} oxide iong #)-F&}e] alu-
minosilicate A A& ¥ 24 polymer breaker
241 288 gt S-552 HARE 7FAaAT)7] o)
t}. 22y, Kideco 418He) #-$-= Drayton 4] ghel] u)3}
o AHoF 389 £-5257) Yol fluxE FHr}
a2 ebm A¥-g AAstedc)

41 MEH SN 9 ST ME B
Drayton A{ &3] % 3] Kideco 4| €5 % £A%} Bench
Scaledt 7|F2 Melrl~slr]e] SHxANN nZH

Table 3. Chemical compositions of coal ash and slag samples (wt.%).

Sample Drayton Kideco
ash slag ash slag
#1 #2 #1 #2
Components ASTM 12 Kg/en?’, 1610°C 14.5 Kg/em?, 1600°C ASTM 8 Kg/em?, 1616°C  16.8 Kg/em?, 1640°C

SiO, 52.59 41.85 37.77 44.36 48.36 47.67
AlLO, 17.38 23.28 32.31 16.36 24.48 25.74
TiO, 0.81 0.56 0.85 0.78 0.74 0.64
Fe,0, 3.21 3.59 2.10 11.59 6.70 7.49
CaO 17.32 27.63 25.50 16.79 15.67 15.83
MgO 0.76 1.57 0.70 1.57 2.17 1.06
Na,0 0.26 0.53 0.36 0.19 0.51 0.57
K,0 0.66 0.74 0.24 0.95 1.10 0.84
P.0;s 0.35 0.25 0.17 0.29 0.27 0.16
SO, 6.66 N.D.* N.D.* 7.12 N.D.* N.D.*

*N.D.: not detected.

Energy Engg. J (1999) Vol. 8(1)
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Table 4. Unburnt carbon content of discharged slags
(wt.%).

Drayton Kideco
#1 #2 #1 #2

operating 12 Kg/em?®, 14.5 Kg/em?, 8 Kg/em®, 16.8 Kg/em?,
conditions  1610°C 1600°C 1616°C 1640°C

Coal

carbon
content of
discharged
slag

0.77 1.23 0.87 0.98
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Fig. 1. XRD analysis of ASTM ashes of coal samples
(a) Drayton coal ash (b) Kideco coal ash.
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Fig. 2. XRD analysis of Drayton coal ash slags (a) 12
Kg/em®, 1610°C (#1 sample) (b) 14.5 Kg/em®, 1600°C
(#2 sample).
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Fig. 3. XRD analysis of Kideco coal ash slags (a) 8
Kg/em®, 1616°C (#1 sample) (b) 16.8 Kg/em®, 1640°C
(#2 sample).
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Fig. 4. SEM/EDX analysis of Drayton coal ash slags. (a) surface area of slag at 12 Kg/m®, 1600°C (#1) (b) cross
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slag at 14.5 Kg/em®, 1600°C (#2).

oliLiXlZEt MsH 1% 199919 2%



133

Bench Scaled 7|52 AelziAslr|olr] 389 &

oo
A
o

- -
3 -
- .
- -
- " E
E -
- 3, @
E “ w-d
-
Boon
E B N A
! l ) [ __é_ . I . . __"i
Eimts
s O af s} M| K| caf My C| Na| mn] Fe| 2 souONSlWKGITICrNIMﬂFCZI
{a} {4853 [958 |2035 - 081 |653 {0 [621 038 025 608 |- b |47.04 (933 2209 |- 096 (1107 joso 097 [027 jo.3 |&s2 |-

- -
“7 -
-
-
3 -t
-
- R
]
i. R fl')j,'l‘ | .
ws_o R A iy Aigry oWl
T T T T 3 3 = - T 3
T g
o of al sl mo| x| ca] 0| c| rna] m| m| =z o] o] o] s| mf x} ] n| cf | M| ml oz
(] 139 |577 [0 |- 287 |457 [0s 005 (028 |- 58 |- %] 4997 |99 |17.7 o1 1.4 11010 [0.70 [1.00 [O.78 |- e jaxm

Fig. 5. SEM/EDX analysns of Kideco coal ash slags. (a) surface area of slag at ] Kg/cm 1616°C (#1) (b) cross
section of slag at 8 Kg/cm®, 1616°C (#1) (c) surface area of slag at 16.8 Kg/cm®, 1640°C (#2) (d) cross siection of
slag at 16.8 Kg/em’, 1640°C (#2).

Energy Engg. J (1999) Vol. 8(1)



134 PR

3| ¢-z2A 6 osld 7 A S ko, 7} B iE
Aol gl e 2= o&Ade] At 2xrt s
Al sjE-c 2 8E Ul PR HA L 3 1Al
2 71%9 34, 7189 %, $-59 s 3
Feiat2e 4k 5o dAE AYEE AR dvA]
U, ole}zk2. Mers|He] L-gAA A FEFA] e
el S50 ol £E dioz EAFe &
Bl 1e] ofo] WA] ¢homF, o] FEYA} Alole ¥
4% 7132} 2o] S7b4e) T2 olrhize] We.
sae] $3255) vo} A vol EAlshe
Aol sl o2 el 713 goR
W Bgabgo] AEw 2 Lolr} BT o]
o} zro] 1] A T EL 71| & A
& 2e] gabef] oald HEe Aol glert A2 F
Alel] ofaFg Wk ow, A Ao kst 2408 A= 3
o] £-§257t S 5 feay] Wi ol &
o] A dakze o] Aol oA FH 3 7S
vke- Ao 2 Algx

Fig. 42%-€] Drayton At &E <29 A2 E

o]F8 - A% - & 8F

o} oS BAE A 33 AL 71EEe] FoF
2¥3ly 9)es & 471 gt o] 23E] Drayton A&k
3 Ldlae s ] YAt Fakge Bl 7]
Fo 2 HE] 8] 7| AFAG T o] we] de g o gy
e Yo 7)Fre] W] EAEIAL = AR
vl o] Bol, £el1e] 3 YA uFFo) 73] &
Zo| 23 o] AaE Ao AEFr}). EDXE o] &
T A4 FEAd e ZHH de] FUsAl
0, Al Si, Ca ¥ Fer} AL o] F3 958 & 47}
sheh.

Kideco A &3]3 &2l 18] 34b2- Fig. SellA] ¥& wt
9} zho] Bwizm} whdo] HAm Zupxl Fo| Wo] Ho|
o Z3 2R- 7|g-Ee] A BEsly S & 5}
gle}. o] 28 Kideco A{¥t3]¥ £ 1+ Drayton A
3] B S el of2 A dg&dl vt S-85] X%
o2y 7|39 5o A WE Nl dgE
el shabel oex T2 o) YAHDE A

F53}. o] 9} & Alo3lt WP EL Tl B E

3 o] Mlmyw ALY TEF o|F ASE
4 Qleh Sl 2 A$e 71Tl 79 BolA

82wt (2

=z
ExA e Wl -2 ofEapA|Rt, F A"
£ellze] 39 W el ik SEM £4 A2 HE o]

2g ez Y-S A

Table 5. Results of heavy metal contents in Drayton coal samples (unit: ppm).

LR E T

AV

Sample #1 #2
pulveriz:ld slag extracted water slag extracted water
raw co: . from sla; . from sla;
clements (12 Kglem’, 1610°C) (15 eorem?, 1%10°C) (14.5 Kglem’, 1600°C) 14 5 kg/em, 1g60()"C)

Cu N.D.* 10.04 N.D. N.D. N.D.
Zn 18.03 15.94 N.D. N.D. N.D.
Co N.D. N.D. N.D. N.D. N.D.
Ni 18.92 62.53 N.D. 34.50 N.D.
Mn 46.6 341.8 N.D. 274.8 N.D.
Cr 32.14 36980 N.D. 43640 N.D.
Sr 151.7 742.6 N.D. 645.8 N.D.
Pb N.D. N.D. N.D. N.D. N.D.
Ba 209.1 1275 N.D. 740.1 0.13
Cd N.D. N.D. N.D. N.D. N.D.
Se N.D. N.D. N.D. N.D. N.D.
As N.D. 13.83 N.D. 21.23 N.D.
Sb N.D. N.D. N.D. N.D. N.D.
Hg ND. ND. ND. N.D. N.D.
Be N.D. N.D. N.D. N.D. N.D.
\'% N.D. N.D. N.D. N.D. N.D.
Zr 56.17 3487 N.D. 2380 N.D.
Ga 23.7 190.9 0.65 160.3 0.72
Mo N.D. N.D. N.D. N.D. N.D.
U N.D. N.D. N.D. N.D. N.D.

*N.D.: not detected.
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Table 6. Results of heavy metal contents in Kideco coal samples (unit: ppm).

Sample #1 #2
pulverize;i slag extracted water slag extracted water
raw coa Y N from slag 5 , from slag
clements (8 Kgfem’, 1616°C) ¢ woiem?, 1616°c) (168 Kefem’, 1640°C) 6 ¢ worem?, 1640°C)
Cu N.D.* 92.49 N.D. N.D. N.D.
Zn 10.26 18.58 N.D. 50.92 N.D.
Co N.D. 2293 N.D. 34.36 N.D.
Ni N.D. 170.4 N.D. 74.65 N.D.
Mn 399 1934 N.D. 641.9 N.D.
Cr 5.469 75890 N.D. 22160 N.D.
Sr 31.83 2913 N.D. 551.0 N.D.
Pb N.D. N.D. N.D. N.D. N.D.
Ba 70.42 6364 0.14 1055 0.06
Cd N.D. N.D. N.D. N.D. N.D.
Se N.D. N.D. N.D. N.D. N.D.
As N.D. N.D. N.D. 15.11 N.D.
Sb N.D. N.D. N.D. N.D. N.D.
Hg N.D. N.D. N.D. ' N.D. N.D.
Be N.D. N.D. N.D. N.D. N.D.
A% N.D. N.D. N.D. N.D. N.D.
Zr 11.83 4862 N.D. 2628 N.D.
Ga 19.7 N.D. 2.66 416.5 0.24
Mo N.D. N.D. N.D. N.D. N.D.
U N.D. N.D. N.D. N.D. N.D.

*N.D.: not detected.
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