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Combined Melting Incineration and Leaching Characteristics

for Sewage Sludge and Municipal Solid Waste

Kyoung Hag Lee
Division of Clean Chemical Engineering, The Graduate School,
Pukyong National University

Abstract

Various wastes have been produced because of rapid economic growth. Among
the various wastes, the government is managing noxious materials, which can
pollute environment and threaten human's health such as waste oil or acid and so
on. In this study, the characteristics of sewage sludge and municipal solid waste
was investigated. In the case of sewage sludge, which produced 7,631 tons/day in
2007, and is forecasted 10,259 tons/day in-2011. Current sewage sludge treatment
methods are reclamation, ocean.disposal and destruction by fire. Among them, the
mostly used process is .ocean disposal method. However, ~ the government
establishes policy that totally prohibit the oceanic sewage sludge disposal as from
2012. Therefore, the alternative treatment method for sewage sludge was required
within a few years.

During the incineration process, of municipal solid waste, 10~20% of ash waste
were produced. Ash waste were classified by two kind of waste. One is bottom ash
that happens from incinerator lower part after burning and another is fly ash that
happen from boiler, lower part of dust collector from exhaust gas. Specially,
because of it contains a lot of peisonous heavy /metals, fly ash can generate serious
environmental pollution if it-justrreclaims. Current methods' that treat poisonous
appointment waste safely are cement stabilization, medicine recipe, and use etc.,
solvent such as acid. These methods were widely used for most incineration ash.
However, the cost of these methods were very expensive compare with other
treatment processes.

Melting incineration treatment that used in this study have advantages that are
changing dangerous organic matter and hazardous substance to harmless melted
slag. So, many studies to reduce melting temperature are investigated until now.
However, most of existing studies are melting incineration for single waste. And
most of cases are ineffective because cost is more expensive preferably by using

chemical additives etc., to decrease melting temperature. So, we looked into mixing

- Vil -



melting of sewage sludge that contains a lot of acidic oxide and municipal solid
waste ash that contain a lot of basic oxide. Also, In this study, leaching
characteristics of heavy metals in sewage sludge, bottom ash, flying ash were
compared by Korean Leaching Test (KTL). And various of leaching characteristics
were analyzed with different considering factors such as pH wvalue of solvent,
species of solvent, solid/liquid ratio and agitation time.

Experimental results showed that mixed waste melting was decrease the melting
temperature more than 100C. In the leaching characteristics of heavy metals, there
are results that the highest contents of heavy metals are found in strong acid and
basic. In case of solvent is used by different reagent indicated various leaching
tendency in general. In case of solid/liquid ratio, Leaching contents were increased

as solid/liquid ratio was high. Leaching contents were decreased as agitation time.
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FelLebe TS AAA vRel A4 2 ABAIEl A s

o
k. Fl el A wAT FolE mw 20079 ¥ AEom AT % F

FEFEA AL BATN )N 1Y Hir 763129 eFEeA7E BAEL glon
20110l = o] & A gAA Al-FA o= QlE 460704 AT gl A @
Aol 19 ¢F 10259€0l o]& A= Hwstar 9tk (Table 2.1).

71E9] strEeA Ay ors AT, Y, 27, AFdE Sol rh A
g ools WS AAH-AAR-AAHA of2 AAT Ay @ F flvt

ERE 20039 7€, 714 eyl Awy sArAe Aldel miye ¢ s S A
7F tE dagtel wEbAd StEE e Al Aol gk vz Al Ao Fa Aol
SHEL ATH13-18]. A57HA = steree AT WS 685%E A 2 n| & o
Ade fdmE= oEsta, vl #H(2.1%), £2H0.9%) A=

3l QltH(Table 2.2).

Table 2.1 Present condition and prediction analysis of sewage sludge

A
=
%

W 23

l‘_&t

T £ ‘07 s 11

A FFE(AAAE) | 318(22,949FH m/Y) 347(23,7354d m'/<Y) 460(25,146d m' /<L)

SUATYFHE/D) 7,446 7631 10,259




Table 2.2 Treatment condition of sewage sludge in 2007

A4
. A
BRI a7t A g8 s gul=
= F(E/) 7,631 164 829 1,411 5,227
] £ (%) 100 2.1 109 185 68.5

shAIRE A= st e drlE sidmErIE( @9 d oF 96 A )l &8kl 9l

4§, oA 2 SEAGE G s Qg )Bagel oGk s AR s
EFa7, AN QB ANE 928, BA, S eaeN B FAS A

5] 3 A&E Ve YA workshop 55 S8k 7= Hgste Aol o] uwheh
g+ 20110l strEa A7t 10,2598/ dAe] o gEm, AL EEE AAAEE
StFoto] AL 7,136/ (695%), 27t 2974F/H(29%), Bl H149E/H (1.5%)
= A A8 oltH(Table 2.3)-

Table 2.3 Plan for sewage sludge treatment in 2011 (Ton/ day)
~ 2]
T | A 3 vy
ol = A -8
24 | Al | 7hxst | A | AEAA | A8
=% | 10,259 0 149 89 60 2,974 685 2,289 | 7,136
% 100 0 15 0.9 0.6 29.0 6.7 22.3 69.5
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Table 2.4 Comparison of KL'T, TCLP and EPT

KTL TCLP EPT
Maximum Particle
. 5.0 95 95
Size(mm)
4~5cm strokes, 30£2 rpm
Agitation 200stokes/min end over end style
reciprocal shaking shaking
Leaching time 6 hr 18 hr 24 hr
. . Acetate buffered 0.04M
Leaching Medium HCl ] ) .
solution Acetic acid
pH of 4.93+0.05"
) ) 5.8~6.3 5.0£0.05
Leaching Solution 2.88+0.05
Solid./Liquid 1/10 1/20 1/16
Temperature room temperature 22+3C 20~40C
Filter Size 1/m 0.6~0.8um 0.45pum
) 2L, Erlenmeyer 2L, Teflon-or. PE
Leaching Vessel
flask (Zero Headspace)
Calibration by™
. Yes No No
Moisture Content

*  This fuild was made by combining 64.3 m¢ of 1.0N NaOH and:5.7m¢ glacial HOAc
to the appropriate deionized water, and dilution to a volume of 1 £

#x  This fluld was made by dilution 5.7 m¢ glacial HOAc with deionized |water to a
volume 1 £

w%%  For moisture content > 85% ;

15
(100.— Moisture Content )

For moisture content < 85%.; not calibration

Extraction Conc. %



Table 2.5 Heavy metal regulatory level of leachate in Korea and USA

Contaminant Regulatory Level of Regulatory Level of
Korea(mg/L) USA(mg/L)
Pb 3.0 5.0
Cu 3.0 -
As 15 5.0
Hg 0.005 0.2
Cd 0.3 1.0
Cr 15 5.0
CN 1 -
P 1 %
Tetrachloroethylene 0.1 0.7
Trichloroethylene 0.3 0.5
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Fig. 2.1 Structure of silicatglass on the supposition of

Zachariasen-Wamen's network.
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Table 3.1 Sample for experiment

Wastes Sample No. Note
S1 A Sewage treatment plant
S2 B Sewage treatment plant
Sewage Sludge S3 C Sewage treatment plant
S4 D Sewage treatment plant
S5 E Sewage treatment plant
B1 F Incinerator
Bottom Ash B2 G Incinerator
B3 H Incinerator
Municipal Solid Waste
F1l F Incinerator
Fly Ash F2 G Incinerator
E3 H Incinerator
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Fig. 3.3 Procedure for heavy metal analysis (ASTM-82 method).
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Table 4.1 Proximate analysis data of various sewage sludge according to quarter

Proximate [wt%] o o
Sample
2 Ay | wgwa | g | HAY Wikl

S1 78.29 15.35 0.65 5.71 3,405

2008, S2 61.45 26.81 1.18 10.56 3,102
3/4%7) | S3 72.41 2091 1.06 5.62 4,985
(74) S4 79.88 12.86 0.73 6.53 3,127
S5 71.63 19.73 0.78 7.85 2,991

S1 82.68 10.34 0.55 6.42 3,510

2008, S2 76.81 14.17 1.10 7.92 3,275
4/4%7) | S3 83.90 11.85 0.61 3.64 4,309
(114) S4 83.72 9.45 0.93 5.90 3,357
S5 79.61 10.95 0.65 879 2,499

S1 81.68 10.04 0.65 463 3,377

2009, S2 73.80 17.29 0.94 7.96 3,746
1/4%7) | S3 77.87 16.81 141 3.92 3,931
(1<) S4 85.03 10.79 053 3.65 3,971
S5 81.10 1057 111 7.22 3,831

S1 84.52 9.04 0.50 5.94 3,215

2000, S2 72.48 16.92 0.95 758 3,764
2/4%7) | S3 75.25 1657 LB 4.29 3,825
(44) S4 83.02 10.12 0.68 5.62 3,986
S5 81.65 13.24 8.47 5.76 3,478

o s 78.49 14.19 1.24 6.28 3,584.20
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Fig. 4.2 Proximate analysis of various sewage sludge.
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Table 4.2 Ultimate analysis data of various sewage sludge according to quarter

Ultamate analysis [dry basis, wt %]
Sample

C H N S Cl
S1 31.85 472 543 2.96 0.19
2008. S2 29.81 441 5.11 1.44 0.32
3/43%7] S3 39.66 513 513 2.28 0.61
(79) S4 30.37 3.98 520 1.37 0.27
SH Z 3.78 4.18 2.149 0.46
S1 30.52 4.88 6.84 7 3 0.43
2008. S2 33.21 5.60 743 1.41 0.46
4/4%-7) S3 39.04 6.05 7.69 2.53 0.59
1<) S4 31.59 4.87 7.20 141 0.18
SH 26.68 443 7.03 1.92 0.16
S1 33.43 5.30 5.86 1.70 0.44
2009. S2 30.88 4.36 5.03 2.28 0.21
1/437] S3 36.08 5.79 4.50 1.24 0.36
(14) S4 38.78 6.24 6.08 1.19 0.13
SH 41.20 6.13 6.63 2.35 0.49
S1 29.58 4:27 5.64 2.68 0.39
2009. S2 30.18 4.69 6.37 1.43 0.23
2/43%-7) S3 38.64 5.02 4.89 2.39 0.47
44) S4 30.75 413 5.87 1.72 0.25
SH 27.43 3.93 5.68 2.09 0.28
=z Ty 32.85 4.89 5.89 191 0.35
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Table 4.3 Ash analysis data of various sewage sludge according to quarter
(unit: wt%)

2009. 1/4%71 (14) 2009. 2/4%7] (49)

S1 S2 S3 S4 S5 Sl S2 S3 S4 S5
SOs | 1218 | 20.07 | 12.67 | 11.77 | 1376 | 14.06 | 1421 | 21.24 | N.D | 10.74 | 13.07
AlOs| 11.69 | 12.66 | 2258 | 1250 | 791 | 13.59 | 23.92 | 1291 | 1518 | 7.36 | 14.03
S102 | 29731 10.90 | 29.13 | 31.85 | 17.65 | 32.68 | 21.09 | 6.28 | 36.22 | 16.15 | 23.17
FexOs 819 | 830 | 687 | 897 | 2365 | 924 | 6.69 | 7.37 | 1056 | 2449 | 11.43
P2Os| 1760 | 1532 | 1472 | 1453 | 17.24| 12.44 | 19.26 | 1869 | 17.35 | 1659 | 16.37
CaO| 8359|1513 | 568 |1088 | 725 | 750 | 6.38 | 11.64 | 10.36 | 948 | 9.29
NiO| ND | 306 | ND | ND | 018 | ND | ND | 404 ND | 012 | 0.74
MnO| 013 | 265 | 010 | 037 | 0.16 | 0.14 | 0.07 | 404 | 098 | 0.21 0.89
NaO| 142 | 191 117 113 | NND—152 | 127 +204 | 136 | ND | 1.18
Cl | 154 | 181 112 092 | 052 | 140 | 1565 | 241 | 069 | 0.32 1.23
MgO| 506 | 159 | 273 279 | 180 | 3.19 | 239 | 117. | 283 |~ 184 | 254
CuO| 025 | 146 | 04370.23 | 055" 0:34  TOEQ (7220 | 034+ 011 0.64
ZnO| 056 | 142 | /041 /042 #8645 | 057 | 054 | W162 | 058 | 571 1.73
BaO| ND | 1.09 | ND | ND | ND | ND| ND | 102| ND| ND | 021
TiO2| 1.14 | 081 104 123 097 | 116 | 081 | 042 | 114 118 | 0.99

-
fe
ot

)

It

KO | 1.8675 0.76 | 1,58 | 234 | 085 | 198 | 1.40 | 0.72 | 220 | 0.78 | 145

CrO3f ND | 060 | ND, | ND.+ 199 | ND | ND| 120.[ ND |.3.67 | 0.75

SrO| ND | 037 | ND | NND 4 N.D- 012 | 0.12 . 081 4 009 | 017 0.17

Br | ND | ND | ND | ND ["N.D~{ N.D_| 0.03°] NND"| 0046 | N.D | 0.01

ZrOz | ND | ND | ND | ND | ND | ND | ND | ND | 001 | ND 0.00

Co03) ND | ND | ND | ND | ND | ND | ND | 009 | ND | 0.07| 0.02

PbO| ND | ND | ND | ND | ND | ND | ND | ND | ND | 033| 0.03
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Table 4.4 Ash analysis data of municipal solid waste

(unit : wt%)

F Incinerator

G Incinerator

H Incinerator

Item

B1 F1 B2 F2 B3 F3

Al03 17.71 1.73 11.50 0.79 12.67 1.52
Si0e 5.68 5.29 5.73 417 5.9 3.86
CaO 57.01 16.61 61.96 8.30 53.44 13.82
NazO 3.05 20.08 1.01 21.08 3.05 21.51
P205 2.73 1.04 4.32 0.99 3.65 1.63
FexO3 2.17 1.00 3.43 0.48 2.30 0.82
MgO 1.49 0.96 1.82 0.56 2.98 1.29
TiO- 1.12 1.27 1.40 0:56 2.04 1.11
Zn0O 0.79 2.93 0.93 8915, 0.91 1.77
K20 0.73 11.19 0.33 15.40 0.98 12.06
SOs3 2.29 7.55 4:21 7.24 5.59 9.77
Cl 4.04 29.09 1.40 35.61 5.52 29.34
CuO 0.48 0.20 0.49 0.26 0.16 0.18
MnO 0.26 0.18 0.34 0.10 0.38 0.15
Cr203 0.17 0.10 0.12 = 0.15 0.08
PbO 0.16 0.45 0.14 0.52 0.10 0.31
SrO 0.13 0.05 0.13 = 0.11 0.04
Br - 0.25 3 0.20 - 0.20
NiO - 0.03 - - - 0.04
BaO - - 0.73 - - 0.31
V205 - - - - - 0.20
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Table 4.5 Pouring index analysis of sewage sludge and incinerator fly' ash
(unit : %)
Sample
Tem[C] 2 F1 F2 F3
1200 0 0 0 0
1300 72.86 0 0 0
1350 100 28.57 45.29 10.00
1370 - 30.00 48.71 12.86
1400 - 100 100 42.43
1430 - - - 100
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Table 4.6 Pouring index analysis of combined melting for sewage sludge and fly ash

Sample
i A B C D D
Tem.[T]
1200 1857 % 30.00 % 12.86 % 14.29 % 12.86 %
1250 36.67 % 14.29 % 14.29 % 27.14 % 35.71 %
1300 7857 % 7714 % 60.00 % 60.00 % 68.57 %
1350 100 % 100 % 100 % 100 % 100 %
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Table 4.7 Concentration of heavy metals in the sewage sludge (2009. ppm)
S1 S2 S3 S4 S5
& =5 A
14 34 14 34 14 34 14 34 14 34
Cu 552.35| 604.43| 334.89| 2700|2170.91| 335.94| 435.34| 555.82(1510.16| 1700 1,089.98
Cd 1.52 2.61 1.60 4.11 5.76 1.95 1.99 2501 11.01 7.83 4.09
Pb 76.43| 81.21| 8857 60.83] 74.46| 56.92| 114.62| 96.68| 562.56| 820.04| 203.23
Cr 60.01| 69.15(2142.76| 1400| 653.75| 39.24| 65.21| 51.29|4430.38| 8100|1,701.18
Zn |1140.02| 1000.0(1159.49| 1600(2154.67| 804.16| 882.03| 822.36| 17400 13800| 4,076.27
As 1.05 0.28 1.27 0.56 0.51 0.60 1.64 0.51 2.15 2.22 1.08
Hg 1.50 1.90 1.03 0.22 0.59 0.85]  0.09. 1.27 2.63 1.09 1.12
S1 : sewage sludge at A sewage treatment plant
S2 : sewage sludge at'B sewage treatment plant
S3 : sewage sludge at C sewage treatment plant
S4 : sewage sludge 'at D sewage/ treatment plant
S5 : sewage sludge |at E sewage treatment plant
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Table 4.8 Variations of pH and leaching concentrations on solvent pH

14

pH of solvent

Fig. 47 Sewage sludge leaching concentrations

on solvent pH.
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Solvent Leaching Concentrations (ppm)
Sample
pH Hg Cr Pb As /n Cu Cd
1 067 | 0132 | 0057 | 0239 | 2322 | 0443 | 0042
Sewage 3 614 | 0059 | 0027 | 0265 | 3725 | 0203 | 0007
Slud 5 346 | 0059 | 0036 | 0165 | 2179 | 0818 | 0004
udee 7 273 | 0064 | 0046 | 0146 | 2330 | 1046 | 0.005
9 277 | 0067 | 0044 | 0135 | 2682 | 1341 | 0003
12 117 | 0112 | 0071 | 0208 | 9815 | 4567 | 0.003
1 31936 | 5461 | 4313 | 0769 | 9492 | 0293 | 1398
Fly 3 57350 | 0069 | 0091 | 0020 | 5418 | 0134 | 1560
Ach 5 20264 | 1067 | 0006 | 0018 | 0492 | 0021 | 0.162
S 7 14615 | 1.002 | 0001 | 0018 | 0151 | 0031 | 0.040
9 16719 | 1364 | 0002 | 0010 | 0189 | 0015 | 0.102
12 10868 | 0633 | 5315 | 0009 | 0021 | 0051 | 0005
1 47533 | 0226 | 1652 | 0156 | 3329 | 2452 | 4502
Bottom 3 33233 | 0096 | 0457 | 0063 | 1753 | 1281 | 0.768
Ach 5 29195 | 0076~ | 0615 | 0025 [~1573 | 0210 | 0158
S 7 12.143 |- 0.065 | 0469 | 0030 | 0098-| 0317 | 0117
9 20087 | 0046 | 0583 | 0.021 | 0072 |~1534 | 0024
12 53233 | 0081 | 1952 | 0011 | 0050 | 2196 | 0.006
25
— 20 -
£
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Fig. 4.8 Fly ash leaching

on solvent pH.
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Fig. 4.9 Bottom ash leaching concentrations

on solvent pH.
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Table 4.9 Variations of leaching concentrations on solvent type

Fig. 4.10 Sewage sludge leaching concentrations

on solvent type.

_44_

Solvent Solvent Leaching Concentrations (ppm)
Sample
pH Type Hg Cr Pb As /n Cu Cd
6 HCI 0.26 | 0.056 | 0.008 | 0.008 | 0.226 | 0.010 | 0.012
Sewage 6 HNO;3 6.66 | 0.045 | 0.120 | 0.210 | 3.147 | 0.402 | 0.005
Sludge 6 CH3;COOH 87810127 1 0812 | 0.211 | 1755 | 0.701 | 0.015
6 H2S0O4 14.06 | 0.051 | 0.081 | 0.238 | 3.528 | 0.592 | 0.004
6 HCI1 391.64 | 0.073 | 0.007 | 0.012 | 42.04 | 0.012 | 19.18
Fly 6 HNO;3 189.38 | 0.231 | 0.001 | 0.013 | 34.55 | 0.002 | 16.40
Ash 6 CH3;COOH | 113.65 | 4.448 | 16.36 | 0.361 | 103.0 | 3.091 | 19.99
6 H2S04 11738 | 4111 | 6.810 | 0.093 | 123.4 | 1.998 | 20.34
6 HCI1 47533 | 0.050 | 0.012 | 0.007 | 0.384 | 0.001 | 0.019
Bottom 6 HNO;3 53.233 | 0.133-1.0.011 | 0.010 | 0.150 | 0.009 | 0.007
Ash 6 CH3;COOH.+129.195 | 2.803 | 23.97 | 0.989+.5.191 | 0.012 | 0.729
6 H>S04 12.14 | 3.014 | 0.359 [-0.351 | 6.380.| 0.007 | 0.580
100
£
S
o
=)
=]
c
=]
<
[+ F] ¥
2 .
S 001+ | SN H,,«”‘“«_‘M
0.001 : : : ;
HC1 HNO3 CH3zCOOH H:504
Solvent Type
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Fig. 4.11 Fly ash leaching concentrations
on solvent type.
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Fig. 4.12 Bottom ash leaching concentrations

on solvent type.
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Table 4.10 Variations of leaching concentrations on leaching time

Solvent | Leaching Leaching Concentrations (ppm)
Sample ]
pH | timeth) | ool cr | Pp | As | Zn | Cu | Cd
6 )l 541 | 0041 | 2928 | 0.127 | 3.711 | 1.08 | 0.015
Sewage 6 6 506 | 0.048 | 0913 | 0.141 | 3915 | 1485 | 0.007
Sludge 6 12 3.991.0.050 | 0.806 | 0.142 | 3.770 | 1.682 | 0.005
6 24 448 | 0.055 | 0.705 | 0.183 - 4.739 |-1.601 | 0.006
6 43 3.08 [-0.058 | 0.406 | 0.218"  ©.430 | 0.987 | 0.003
6 1 175,21 {0907 | 5491 1.0.009 |-0.026 | 0.090 | 0.009
Fly 6 6 253.55 | 1:128-..0.927-0.008 | 0.055 | 0.033 | 0.004
6 12 407.36 | 1.400 | 0.610 | 0.011 | 0.069 | 0.018 | 0.004
Ash 6 24 39290 | 1.644 | 0.282 | 0.007 | 0.183 | 0.002 | 0.004
6 43 289.73 | 1.804 | 0.119 | 0.009 | 0.255 | 0.003 | 0.004
6 1 31.30 | 0.151 | 0.032 | 0.022 | 0.076 | 0.028 | 0.004
Bottorm 6 6 2372 | 0.176 | 0.030 | 0.023 | 0.042 | 0.031 | 0.004
6 12 20.08 | 0.132 | 0.022 | 0.022 | 0.068 | 0.032 | 0.003
Ash 6 24 46.82 | 0.157 | 0.040 | 0.025 | 0.060 | 0.035 | 0.003
6 43 31.32 | 0.146 | 0.014 | 0.021 | 0.061 | 0.028 | 0.003
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Fig. 4.15 Bottom ash leaching concentrations

on-leaching time.
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Table 4.11 Variations of leaching concentrations on solid/liquid ratio

Solvent S/L Leaching Concentrations (ppm)
Sample :
pH Ratio Hg Cr PORSENNA Zn Cu cd
6 1/5 6.50 | 0.101 | 1.100 | 0.269 | 6.098 | 0.953 | 0.006
Sewage 6 1/10 6.06 | 0.048 | 0913 | 0.141 | 3915 | 0.885 | 0.007
Sludge 6 1/20 157 1.0.026 | 0.215 | 0.102 | 3.250 | 0.793 | 0.004
6 1/50 1.25| 0.008 | 0.105 | 0.049 | 1594 | 0.320 | 0.004
6 1/100 0.52-| 0.002 | 0.049 | 0.034.+ 1.382. 0.144 | 0.004
6 1/5 29870 |..1.336 | -0.066 +/"0.006 | 0.001 | 0.019 | 0.003
Fly 6 1/10 262.48--1.128 1-0.927 | 0.008 | 0.055 | 0.033 | 0.004
Ach 6 1/20 146.15 | 0.775 | 0.061 | 0.013 | 0.141 | 0.035 | 0.005
6 1/50 28.487 | 0.398 | 0.018 | 0.009 | 0.080 | 0.005 | 0.004
6 1/100 26.300 | 0.177 | 0.016 | 0.010 | 0.014 | 0.004 | 0.003
6 1/5 2275 | 0302 | 0.038 | 0.028 | 0.065 | 0.071 | 0.003
Bottorm 6 1/10 2372 | 0.161 | 0.030 | 0.023 | 0.042 | 0.031 | 0.004
Ash 6 1/20 12.07 | 0.081 | 0.013 | 0.018 | 0.035 | 0.012 | 0.003
6 1/50 2613 | 0.034 | 0.003 | 0.011 | 0.010 | 0.004 | 0.003
6 1/100 3.822 | 0.019 | 0.005 | 0.009 | 0.011 | 0.003 | 0.003
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Fig. 4.16 Sewage sludge leaching concentrations
on solid/liquid ratio.
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Fig. 4.17 Fly ash leaching concentrations

on solid/liquid ratio

_50_



Concentration [ log. ppm ]

100

10

0.1

0.01

0.001

—@®— Cr
........ ® - Pb
——w—— As
b ——g—-- Cu
—-&— cd
| — o — Hg
® ..
@
- “e..
~— W —
ity S ®..
;l —"\\:\\— \\\ ...... (]
- .
e — g —Y
>~ —e ——g=="¢

1/5 110 1/20 1/50
Solid/Liquid ratio [ W/ V.]

Fig. 4.18 Bottom ash leaching concentrations

on solid/liquid ratio.

_51_

1/100




3. 9 29 Cyclone 82420 A 3t5<8 R &84

&
g 7lge g we] A A gabe wWg Fod, 19904 F
A

49 A7k QA7) ARsArh B AT A

oo

[e]
g
NS T ANHOR ARE Ao 43T BEE AT} A9HT Y @

i
offl
Hyr
ogh
)
e
oo
oo
N
>
lo
&)
o
o~
—_
©
to,
s
o,
N
Nl
re
ox
N
sl
[>
b
rlr
2l
N
S
<
)
Ll
>~
>
oo
ol
rir

71E &87led gl 1A daddA 1,000C A5 dAirtsel g7]5 23 Ao

o ouxg dfow A8 % Az drwAE §§27

ol
il
_(‘)1_1‘
o
=%
&
=

Pyrolysis
Oil Inlet

P A to Fluidized Bed Pyrolyzer
AN | $
]

% R e

| o -o 09

! 2-9 s

: 2nd Combustor to Waste

B @ e re— Heat Boiler
Slag

m T |« Removal W

Fig. 4.19 Cyclone melting incinerator sysStem-for sewage sludge.

(o]
P
>
rlo
H
N
N
1o
i
[
P
b
rlr
2
~N
2,
v
)
il
S~
>,
oo
ol
)
52
kl
—
24
r o
9
>
=2
X
o
oX,
i

e gl HE ARQ MErtAE olgste] 1500CE A%t ful s

A= w7l 9ol 3T A3 sFor FYdH I, VAsE Sg=o] HHES Eal

_52_



273} E Al

AFNA AR §ELAEE FA

H
L

Rk H R T !

= T 2o
g s ; Ca : =
s = o g =
o) S g _
= o o T W ) -
o X Murr”__ o m_M
of < oo ~ ,_Mo
o M = Mo
of mo ot X [
00 —Mw_ﬂ ﬁl X EE = .F
% m w;ﬂ COS!
T < GO
X Mu N A:mc MI
oo 4 X
NS op o O
ol 4 oy dlo nH
\mﬂ Ovu % :.L W.M Ovu
T oo T X ©
g ~ mw © of
® OB om o S o

) 0 =
& T 2 M
JU ‘ ~~ HAF Or.: s
LR EEOES

0 0

T oL W o ol ¥

RS : HlJ
sy STELCT
B 0 = w_l ~ ™
of W o 1% _Nm % mﬂ_
M i ok wm " Mro o
U o B "
7L O_E ﬂ ,_I,n.w.._ ,I‘VI (@] N 1 ) M
C_E O ™™~ _Il _W#H 3o C_E = m . m
QU ETI \M . ‘;Iﬁﬂ _ZTV OWE ﬁE e
<] SCIY Mo AR o

_53_

Fig. 420 Schematic diagram of melting incineration system for sewage sludge.
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Hg

N.D

N.D

N.D

Ni

0.013

0.009

N.D

Cd

N.D

N.D

N.D

Cu

0.090

0.063

0.014

As

0.007

0.003

0.003

Pb

0.006

0.005

0.005

Cr

0.022

0.009

0.003

Item

Tem.[T]

1300

1350

1400
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Table 4.13 Result of heavy metal leaching test on throughput (unit : ppm)

Item .
Cr Pb As Cu Cd Ni Hg
Throughput
5 ton/day 0.014 0.004 0.003 0.018 N.D 0.002 N.D
10 ton/day 0.192 0.002 0.007 0.027 N.D 0.005 N.D
15 ton/day 0.007 0.006 0.006 0.085 N.D 0.010 N.D
20 ton day 0.003 0.005 0.008 0.014 N.D 0.001 N.D
0.10
Cr
Pb
0.08 - As
— - Cu
£ cd
o | Ni
& 0.06 ng
c
.2
E 0.04 -
c
o
2 o0.02
o
(&)
0.00 -

1300 1350 1400
Temp.[C]

Fig. 4.21 Heavy metal concentration on temperature.
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