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Abstract — In order to utilize inorganic components in coal and wastewater sludge as an environmentally
stable material, slag-forming is considered as one of the suitable methods better than producing as an ash.
Coal slag that was produced by gasification as well as the slag made from wastewater sludge by incineration
or melting process have been analyzed with the viewpoint of recyclability. Slags produced by water quench-
ing exhibited a cracked shape that has a size of few millimeters with sharp edges. Slags contain the
unburned carbon content below 0.15% and expose mostly amorphous structural characteristics. Analysis
results in the extraction of heavy metal compounds demonstrate that both slags from coal and wastewater
sludge could be utilized as a safe recycle material even with a Japanese environmental regulation that is ten
times more stringent than the current Korean standard. Slags from coal and wastewater sludge show signif-
icant differences in contents of each heavy metal compound. Since the future trend of environmental regu-
lation shifts to the control of total content for each heavy metal compound, proper mixing of slags that
contain different heavy metal contents might be an option for manufacturing recycle materials.
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Table 1. Comparison of gasification and incineration'”,

Item Incineration Gasification

Operating temperature ca. 1000°C above 1300°C

Operating pressure atmospheric high pressure, atmospheric

Produced state of ash ash slag

Supply gas air oxygen (air), steam
C+0,=C0,

Main reactions

H2+,1)OZ=H20

C+H,0=CO+H,
C+C0O,=2CO

Preduct gas

CO,, H,O

CO, H,, CH,, CO,

Gas cleaning

Post scrubbing

Intermediate scrubbing

Produced poliutants S0,, NO,,, PCDD/PCDFs H,S, HCN, NH,
Char reaction tast (with Q,) slow (with H,O, CO,)
Oxidant amount In excess Deficient

Goal

Wastes mintmization/stabilization, Hot
product gas production

Wastes minimization/stabiization, High
energy containing syngas production, CI
chemistry feed material production
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Fig. 1. Comparison of key differences between gasification and incineration.
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Table 2. Analysis results of feed materials for gas-
ification and incineration melting.

Adaro Wastewater
coal sludge
Proximate aanalysis (wt%)
Moisture 25.27 78.12
Volatile matter 34.28 9.50
Fixed carbon 37.37 1.59
Ash 3.08 10.79
Ultimate analysis (wt%)
C 68.08 24.82
H 5.40 4.21
N 0.40 2.71
S 0.12 0.94
O 21.88 18.01
Ash 4.12 49.31
Gross heating value (kcal/kg) 6748.4 1960.3
Ash fusion temperature (°C)
IDT 1250 1230
ST - 1260
HT 1290 1290
FT 1340 1320
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(1) Coal Conveyor (2) Pulverizer (3) Pulverized Coal Bin (4) Solid Blowpot Vessel (5) Flux Feeding System
(6) Distribution Hopper (7) Lock Hopper (8) Oxygen Steam (9) Gasifier (10) Gas Cooler (11) Slag Quencher

(12) Cyclone (13) Wet Scrubber (14) Flare Stack

Fig. 2. Simplified process flow diagram of coal gasification pilot plant.
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Fig. 3. Process flow diagram of wastewater sludge melting incinerator system.
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Fig. 4. Comparison of slag shape and size (left: slag from Adaro ceal at 16 bar, 1450~1550°C, right: slag from

wastewater sludge at 1 bar, 1430~1530°C).
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Table 3. Mineral composition results from XRD
analyses for raw feeds and produced slags by gas-
ification and incineration melting processes.

Adaro coal Wastewater
sludge
Components
Raw Slag Raw Slag
coal studge
SiO, (%) 39.18 43.68 41.20 40.18
ALO, (%) 18.78 2145 2093 2571
Fe, 0, (%) 16.57 7.44 854 574
TiO, (%) 0.85 079 0.80 057
MnO (%) 028  0.09 032 024
Ca0 (%) 1125 21.03 4.16 19.61
MgO (%) 259 252 1.79 1.39
K,O (%) 142 0.74 2.54 1.98
Na,Q (%) 0.80 030 065 093
P,Os (%) 242 095 6.63 2.35

Basicity (CaO/S10,) 029 048 0.10 049

Energy Engg. J (2004), Vol. 13(1)
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Table 4. Comparison of elemental components in slags from gasification and incineration melting

Operating condition Component C (%) H (%) N (%) S (%)
Gasification mel Coal 68.08 5.40 0.40 0.12

astlication melting Slag 0.15 N.D. 0.09 N.D.
Incineration meltin Wastewater sludge 24.82 421 2.71 0.94
na eitmeg Slag 0.08 0.01 N.D. 0.01

Note) moisture-free-basis.

Det WO F——— 100un

AccV Spot Magn

150kv 50 2002 Sb 83 Sludge ag

Fig. 5. Comparison of SEM pictures for enlarged slag inner surfaces (left: slag from Adaro coal (x50), right:

slag from wastewater sludge (x200)).
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Fig. 6. Comparison of XRD patterns for ashes combusted at 650°C (left: Adaro coal, right: wastewater sludge).
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Fig. 7. Comparison of XRD patterns for slags (left: slag by gasification at 16 bar, 1450~1550°C, right:

incineration at 1 bar, 1430~1530°C).
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Table 5. Heavy metal concentrations in raw feed, slag, and extracted water from slag.

Adaro coal

Wastewater sludge i
Korean environmental

Component Raw coal  Slag Extfracted water Sludge  Slag Extracted water standards
rom slag from slag

Cr (ppm) <5 9470 0.037 6455 5418 <0.05 1.5
Zn (ppm) 36.39 12.60 0.035 2221 828.7 <0.05 -
Cd (ppm) <5 <5 0.011 <5 <5 <0.05 0.3
Pb (ppm) 1.479 <5 <0.005 111.5 <5 <0.05 3.0
Ni (ppm) 4.733 471.8 <0.005 3562 2634 <0.05 -
Fe (ppm) 2960 55930 0.209 10210 12000 <0.05 -
Cu (ppm) <5 32.1 <0.005 2081 1143 <0.05 3.0
Ca (ppm) - - - 4105 33530 3.28 -
Ba (ppm) 44.67 1431 0.108 ., 1752 1365 <0.05 -
Na (ppm) - - - 3714 3018 <0.05 -
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