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ABSTRACT

The main objective of this study was to evaluate the effects on shape and size, compressive strength, water absorption
and heavy metals leaching with various weight mixing ratios in waste ash brick products using waste recycling
MSWI(Municipal Solid Waste Incinerator) bottom ash, steel slag and waste building material. The manufacturing pro-
cesses for the waste ash brick consist of screening, mixing, conveyor transmission, compaction-forming, and curing
steps of raw materials. The weight mixing ratios of steel slag around bottom ash were adjusted within the ranges of 10%
to 30%. The reported results show that the width and thickness of the manufactured waste ash brick could be satisfied
with 90 + 2 mm and 57 + 2 mum, respectively which are K.S. standards of products qualities. And in case of length, only
20-Ba50Ss30, 20-Ba60Wb20 and 20-Ba50Wb30 for the mixing ratios could be satisfied with 190 =2 mm that is K.S.
standards of products quality. The compressive strength and water absorption for 20-Ba50Ss30 and 20-Ba70Wb10 were
over 8 N/mm?® and below 15% respectively that are K.S. standards of manufactured waste ash brick. The results of tests
for the heavy metals leaching in the all manufactured waste ash bricks are also passed to the wastes management reg-
ulations. The cost analysis of 20-BaS0Ss30 is evaluated. The manufacturing cost is evaluated 34.3 won/brick with 8
hours and 20tons of raw material per day. Incinerators with problems in bottom ash disposal can therefore derive sig-
nificant benefits from the application of waste ash brick production.

Keywords: waste ash brick, bottom ash, steel slag, waste building material, compressive strength, water
absorption, heavy metals leaching
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Table 1. Characteristics of bottom ash

Chemical composition (%) Elements (%)

Ca0 58.56 Ca 65.18
ALO; 17.01 Al 11.57
Cl 5.28 Cl 7.40
Si0, 4.76 Si 2.98
Na,O 2.94 Na 2.69
P,05 247 P 147
MgO 1.91 Mg 1.46
S0, 1.76 S 0.97
Fe, 05 1.71 Fe 2.21
TiO, 1.12 Ti 1.18
K,O 0.80 K 0.98
Zn0O 0.67 Zn 0.96
MnO 0.21 Mn 0.29
CuO 0.17 Cu 0.25
PbO 0.12 Pb 0.20
SrO 0.12 Sr 0.18
Cr,0; 0.09 Cr 0.12
Total 100.00 Total 100.00

Table 2. Heavy metals concentration of raw materials

< 77} XRD(X-ray
Diffractometer; model Xport-MRD, KITS Co., Korea)
9} XRF(X-ray Fluorescene Spectrometer; model XRF-
1700, Shimadzu Co., Japan)Z 413} Table 19}
ATt vhEA o] sketaA B4 23 CaO, ALO;,
ClL SiOZF HF-ES 2Aske Ae & 7 UM

A7} 2(Steel slag; Ss)= UA] 44 u}oﬂ*i 2t
42 39 5 Y gl @7% 8mm olshE AHE-
o, AEAgelr TYEE stfjae 97dc] ¥
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AZAA ] 7 BA A RIe] W] AgEE
947 $mm ol3te] 22 Mg ARIEY A 3
W gAY BE ZEAE AWIE(Ordinary portland
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dPAEE SF5 AL AVEENEY
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Heavy metals Cd Cu Pb % As Hg
(mg/l) (mg/D) (mg/D) (mg/l) (mg/) (mg/D)
Bottom ash 0.018 2.056 0.263 0.291 0.011 0.0026
Steel slag 0.013 0.763 0.111 0.006 0.077 0.0010
Waste building material 0.031 2.607 0.184 0.419 0.023 0.0028
Leaching standards Below 0.3 Below 3.0 Below 3.0 Below 1.5 Below 1.5 Below 0.005
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Table 3. Weight mixing ratio of raw materials for waste ash

brick production

Weight mixing ratio (%) w/C

Classifications Bottom  Steel Waste building ratio
ash slag material (%)

20-Ba80 80 0 0 20
20-Ba70Ss10 70 10 - 20
20-Ba60Ss20 60 20 - 20
20-Ba50Ss30 50 30 - 20
20-Ba70Wb10 70 - 10 20
20-Ba60Wb20 60 - 20 20
20-Ba50Wb30 50 - 30 20

Note) Ba : Bottom ash, Ss : Steel slag, Wb : Waste building

material.

Screening of raw materials

Forming

e

DA Ee] AEsA 229
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Fig. 1. Manufacturing procedure of waste ash brick.
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Table 4. Summary of shape, size and dried-specific gravity of manufactured waste ash brick

Weight mixing ratio Weight Length Width Thickness Volume Dried density
E (kg) (mm) (mm) (mm) (m)) (g/mi)
Ist 1.45 180 90 54 875 1.754
2nd 1.50 180 90 55 891 1.843
i 3rd 1.45 170 90 54 826 1.899
20-Ba80 Average 1.47 177 90 54 864 1.832
Ist 1.70 180 90 55 891 1.910
2nd 1.60 180 90 54 875 1.830
3rd 1.60 180 90 57 923 1.730
20-Ba70Ss10 Average 1.63 180 90 55 896 1.823
1st 1.55 183 89 55 896 1.730
2nd 1.48 177 89 55 866 1.708
: 3rd 1.50 179 90 55 881 1.702
20-Ba60Ss20 Average 1.51 180 89 55 881 1.713
i Ist 1.71 187 90 56 934 1.831
2nd 1.79 190 89 55 930 1.925
RSN 3rd 1.80 190 90 55 935 1.925
20-Ba50Ss30 Average .77 189 90 55 933 1.894
i : Ist 1.75 186 89 55 902 1.940
2nd 1.74 185 89 55 906 1.921
3rd 1.70 186 90 55 916 1.857
20-Ba70Wb10 Average 1.73 186 89 55 908 1.906
E Ist 1.59 190 90 55 935 1.700
2nd 1.60 189 89 55 925 1.729
; B 3rd 1.59 189 89 55 925 1.719
20-Ba60Wb20 Average 1.59 189 89 55 929 1.716
st 1.51 190 89 55 930 1.624
2nd 1.54 190 89 55 930 1.656
i 3rd 1.48 191 90 55 932 1.589
20-Ba50Wb30 Average 1.51 190 89 55 931 1.623
Standards - 1902 90+2 572 - -
14.0 30.0
12O [ [ [ 250 oo B e
3
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% g0 (-4-4-4-F4Y -
FREI NN R F R RN R E R N RN E N NN NSRS @
] £ 100
g 40 TH =
£
3 20 11 ||| 5.0
0o WL ; 00 : : : A
B EEOBEEYBPELBERELBER OB ERLBERS FE2ESPPRILERDLTRE R 8ER R RERES
FN”%‘_ngf‘ng‘“N”g‘_mmg‘_Nw‘g"ng o~ g ~ g o g o~ g o g o~ g N g
< z z z z £ z z Z E 2 z H H
20-B80 20~ 20- 20- 20- 20- 20- 20-B80 20- 20- 20- 20- 20- 20~
Ba70Ss10! Bag0Ss20' Ba508s30 Ba70Wo10:Bab0W020:Ba50Wb30 Ba708s10; Ba60Ss20 | Ba505530 Ba70Wh10,8260Wb20 BaSOW030
Weight mixing ratio Weight mixing ratio
(a) Compressive strength (b) Water absorption

Fig. 2. Variations of compressive strength and water absorption of manufactured waste ash brick.
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Table 5. Leaching characteristics of heavy metals in manufactured waste ash brick

Weight mixing ratio cd Cu Pb cr” As He CN
(mg/D) (mg/D) (mg/D) (mg/D) (mg/D) (mg/l) (mg/l)
20-Ba80 N.D 0.360 0.020 N.D N.D 0.0012 N.D
20-Ba70Ss10 N.D 0.420 N.D N.D N.D ND ND
20-Ba60Ss20 N.D 0.104 0.020 0.016 0.003 0.0223 N.D
20-Bas0Ss30 N.D 0.295 0.011 0.097 N.D N.D N.D
20-Ba70Wb10 N.D 0.087 0.050 0.034 0.020 N.D N.D
20-Ba60Wb20 0.057 0.150 0.014 0.017 ND 0.0092 N.D
20-Ba50Wb30 N.D 0.179 0.043 0.055 0.005 0.0087 N.D

Leaching standards Below 0.3  Below 3.0 Below 3.0 Below 1.5 Below 1.5 Below 0.005 Below 1.0
Note) N.D : Not detected.
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Table 5. Leaching characteristics of heavy metals in manufactured waste ash brick

Weight mixing ratio cd Cu Pb cr As He N
(mg/D) (mg/h (mg/D) (mg/l) (mg/D (mg/D (mg/D)

20-Bag0 N.D 0.360 0.020 N.D N.D 0.0012 N.D
20-Ba70Ss10 N.D 0.420 N.D N.D N.D N.D N.D
20-Ba60Ss20 N.D 0.104 0.020 0.016 0.003 0.0223 N.D
20-Ba50Ss30 N.D 0.295 0.011 0.097 N.D N.D N.D
20-Ba70Wb10 N.D 0.087 0.050 0.034 0.020 N.D N.D
20-Ba60Wb20 0.057 0.150 0.014 0.017 N.D 0.0092 N.D
20-Ba50Wb30 N.D 0.179 0.043 0.055 0.005 0.0087 N.D

Leaching standards  Below 0.3  Below 3.0  Below 3.0  Below 1.5  Below 1.5 Below 0.005 Below 1.0
Note) N.D : Not detected.
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Table 6. Economic evaluation of manufactured waste ash brick (20-Ba508s30)

Items Costs (Won)

Estimating production costs (Won)

Notes

(D Cement : 20 ton x 0.144 = 2.88 ton

Industrial production

: 2.88 ton x 110,000 Won/ton = 316,800 Won cost

316,800 (@ Bottom ash : 20 ton x 0.5 = 10 ton

Direct material costs

(Treatment cost :

50,000 Won/ton)

Material @ (exeept @ g o x (-)50.000 Won/ton = (~)500,000 Won Ministry of
and ®) Environment
cost (1) @ Steel slag : 20 ton x 0.3 = 6 ton (Official No. 2008-15)”

(Treatment cost :

10,000 Won/ton)

1 6 ton x (—)10,000 Won/ton = (-)60,000 Won

Indi i
ndirect material costs 94.000

Raw material, tool life, equipment, packing costs and so
3) ’ on : 4,700 Won x 20 ton = 94,000 Won

Operating costs

Labor cost Direct labor costs (5) 66,600 Base wages :

66,600 Won/day

(4)  TIndirect labor costs (6) 19,980 30% of (5)

Operating costs

Other costs Electric power cost,

0 and 0 on 198,952 40% of (1)+(4)

Overhead (8) 83,560 12% of (1)H4)+(7) Ministry of Strategy
and Finance
Profit (9) 92,273 25% of (H+T)+(8) (Official No. 160-4)
Total cost (10) 312,165  (1)+A+D+EB)+O) - (D+B)
Total cost/kg raw material 15.6 312,165 Won + 20,000 kg = 15.6 Won
Production number of waste ash brick
Production cost 343 : 20,000 kg + 2.2 kg/brick = 9,090 bricks Waste ash brick

Production cost per unit brick

(190 x 90 x 57)

1 312,165 Won + 9,090 bricks = 34.3 Won/brick
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