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Carbonization of Heavy Metal Cu Implanted Sewage Sludge and Stability of

Heavy Metal in the Resulting Char

DOU Xiao-min' , CHEN De-zhen', DAI Xiao-hu’
(1. Thermal & Environment Engineering Institute, Tongji University, Shanghai 201804, China; 2. National Engineering Research
Center for Urban Pollution Control, Tongji University, Shanghai 200092, China)

Abstract: In this research, a new method for sewage sludge (SS) disposal was introduced, by which heavy metals were implanted into
sewage sludge before pyrolysis. Cu was adopted as the representative of heavy metals to test this process and was implanted in the form
of CuCl,. Effects of Cu implanting concentration and reaction temperature on the residual ratio and immobilization of heavy metals in
pyrolysis char were studied. Meanwhile, two leaching methods were employed with the purpose to determine the maximum capacity of
heavy metal immobilization in the char. The primary research results showed that when the Cu implanting concentration was 0. 5%
(mass fraction) , more than 90% of Cu remained in the char after carbonization, and the leachability of heavy metals in the char was
related to pyrolysis temperature. Cu leaching from the char increased with increasing pyrolysis temperature. There was also a limitation
for Cu implanting concentration in the sewage sludge, which was determined by the destination of the pyrolyzed char. If it went to
sanitary landfill, the limitation would be 0. 5% . The primary results showed that sewage sludge could be kneaded with other wastes
containing heavy metals before pyrolysis to achieve co-processing.

Key words : sewage sludge; heavy metal Cu; implant; carbonization; immobilization
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Table 1 ~ Proximate, ultimate analysis and heating values of SS (dry basis)

Tl #/ % TCR T/ % PUE
RE3(A) FER (V) KAH(M)  EERR(FC) C H 0 N Qpe/MJ-kg ™!
27.28 63. 56 0 9.16 37.53 5.85 19. 88 5.37 15. 65
*2 SRHMEEES=(LITIETRIT)/mgg!
Table 2 Contents of heavy metals in the sludge( dried SS)/mg+g ™!
4 RS As Cd Cr Cu Ni Pb Zn
B 1.1797 N.D.D 0.0297 0.9256 0.024 5 0.0575 2.9569
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Fig. 1 Diagram of pyrolysis equipment
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Table 3 Heavy metal leaching from char (650°C ) obtained from SS implanted with different concentrations of Cu /mg-1~"

ik %”%Tﬁﬁigﬁi As cd Cu Ni Ph Zn
0.0 N. D. N. D. N.D. N.D. N.D. N. D. N. D.
0.1 N.D. N.D. N.D. N.D. N. D. N. D. N. D.
0.5 N. D. N.D. N.D. N.D. N.D. N.D. N. D.
111299 0.6 N. D. N.D. N.D. N. D. N.D. N. D. N.D.
0.8 N.D N.D. N.D. 0.0053:0.0002 0.02550.0010 N.D. N. D.
1.0 N.D N.D. N.D. 0.0050%0.0002 0.01980.0008 N.D. N. D.
2.0 N. D. N.D. N.D. 0.0059+0.0002 0.0248+0.0010 N.D. N.D.
3.0 N.D. N.D. N.D. 0.00620.0002 0.0261%0.0010 N.D. N. D.
CB 5085. 3-2007") 5 1 5 100 5 5 100
0.0 N D. N.D. N.D. N.D. N.D. N.D. N D.
0.1 N. D. N.D. N.D. N. D. N. D. N.D. N. D.
0.5 N.D. N.D. N.D. 18.9466+0.6000 N.D. N.D. 0.3849 £0.0080
1300 0.6 0.0120£0.0004 N.D. N.D. 42.0023+1.1000 0.0817+0.0020 N.D. 0.5463 £0.0100
0.8 0.0027+0.0001 N.D. N.D. 48.6135+1.9000 0.1255+0.0030 N.D. 0.3182:0.0100
1.0 0.0135+0.0004 N.D. N.D. 51.37251.8000 0.0957x0.0030 N.D. 0.4074 +0.0150
2.0 0.046420.0008 N.D. N.D. 136.5741£2.0000 0.0266+0.0010 N.D. 0.5960 £0.0100
3.0 0.0474£0.0010 N.D. N.D. 174.2144+2.5000 0.0253 0.0010 N.D. 0.5880:£0.0150
GB 16889-2008” 0.3 0.15 4.5 40 0.5 0.25 100

1)GB 5085.3-2007 Z WL3CHK[ 197, HJ/T299 J& GB 5085. 3-2007 #8 7 B H F i B 1% M 1= H 7735 2) GB 16889-2008 Z: UL 3CH#k[20] , HI/
T300 J2& GB 16889-2008 & & 1) [l {8 2 W tF A A= 1 B 3 S 5 A Sk 1938 Hh O i

m 2 3 AT 0L, MK HE HI/T 299 32 HY 7 F1 GB
5085.3-2007 #5 #E, Cu 7E35 Je A9 HE A &= H
3. 0% HB 2 Z A0, AN E Tk Y. ik H HI/T
300 325 HKHE GB 16889-2008 FARIE, 45 H 4
JE R K, Cu FET5 e P A FE A &2 ELH 0. 6%
PUREEAT 4 4, ANaEHE A LA 5. HI/T 300

BN T A X FEE R HIZT 300 2 DA
1%/ WS TR BN 2% PR WO IR 4R ), s AR X & )8
2 s B L, LR AR AR 0 TR R A A S R A
AN, B — B R R RS R, AR T AR iR
PR ST, W EL R, AR 5 iR
B2 Cd F1 Cr ZE PRI AR HE T #RBA H I 2132 1
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Table 4 Yield of pyrolyzed char at different temperatures
TRAGIR B/ C 400 500 600 700 800
V5 IRIR =2/ % 55.4  52.3 50.4  48.4  47.9

WS RO B Cu 197508, 4Rk iR E
£ 400 ~800°C i, 90% LA _E ) Cu #R AR B8 7635 Jé 5
o, BIAE AR SR T #E &2 AR R Y CuCl, , 3X 2 B
AT R RS Y AR B 1 T 4 1) AR P
421 Hoh S RS ME AR T 4 R A S B T R
figme. MHEE4AEAW Cr, Niy, Pb, Zn,7E 400 ~
800°C. 114 1 A T PN, A, 40 3R 40 A BA e e v (2
Bl Al IR B2 B T i, T 4 T8 B O BE R AT FRAIG, i
oA AR TR Y SRR Y R R AT TR Ak Y
JRG IR R AL 45 R — 2. X T As, 78 400°C B,
98% IR B ZE R e, T B A B 500°C DA B R
As INTRBE R A 16% 7247, 5 As TR0 MR
THEERMER K2 WR A As 71 A8 s>
R AT DR AR 0y e A Tl B2 ) Bsf e A 7 A 1
YRR Ay T 2 1 T 4 5 LR RS AT 4.

®5 ESRETERERTHEE (dried SS) FREX
Table 5 Heavy metals residual concentration (dried SS) & ratio in chars prepared from SS carbonized at different temperatures
As Cr Cu Ni Pb Zn
T B REE AR BEE AR REE AR REE AR REE AR REE

/mg-g ! /% /mg-g ! /% /mg-g ! /% /mg-g ™! /% /mg-g ! /% /mg-g ! /%

NN 1.1820 0.0575 + 5.9210+ 0.0247 + 0.0571+ 2.9512+
Deed o, C _ _ _ _ _

53U +0. 5% Cu 0.0200 0.0020 0.0700 0.006 0 0.0010 0. 060 0

o 1.166 1 + 0.0562 = 5.5306 + 0.0241 = 0.0555 = 2.9443 +
40T TSR 0.0200 8.7 0.0010 7.1 0.0900 93.4 0.003 0 7.5 0.0010 7.2 0. 0600 98

SN 0.1998 + 0.0555 + 5.5259 + 0.0236 + 0.0550 + 2.7284 +
S00°C ¥ 0.0050 16.9 0.0010 9.6 0. 1000 93.3 0.0050 93.3 0.0010 %.3 0.0700 92.4

N 0.1989 = 0.0553 = 5.5110 + 0.0227 0.0547 = 2.6171 =
600°C V5% 0.004 0 16.8 0.0010 %.2 0.1300 931 0.004 0 oL.9 0.0010 95.8 0. 0600 88.7

N 0.184 8 + 0.0549 + 5.4286 + 0.0206 + 0.0545 + 2.5500 +
700°C V58 0.004 0 15.6 0.001 0 95.4 0.090 0 91.7 0. 004 0 83.4 0.0010 95.4 0.0800 86.4

N 0.1838 = 0.0545 = 5.3925 + 0.0181 + 0.0543 + 2.5234 +
800°C 5B 0.006 0 155 0.0010 94.8 0.0900 oL1 0.003 0 7.3 0.0010 51 0.0700 85.5

2.3 ARRBALIRE PS5 e s b 4 s 1R

Cu MY THAE N 0. 5% , £ TR 400 ~800°C T ik
T A5 o Hh I 4 Ja IR 2 SR L3k 6.

26 Al 0L, 5% Cu (IR H &2 5 R AT
A, H R AER E W i H W bR U, Cu 1Y) TIUAR & R
0.5% ,TEIRFE 400 ~ 800°C F H b5 2] ¥5 e s 4 A
J& TER Y. BRI Al DLk A A I,

B, o R 4 I i e AL B T iR R R, HL Y
RALIRBE IR F) 800°C i}, Cu ¥ HA ¥k B M oo (A 7 b
WA 15 G H AR E) (GB 16889-2008 ) Hi 14 1L
FEFRAE. X 5HT AT XE Je iR i oT 45

fA—EH A, He 2l Kistler 2517 BB 5T #B
IRACTRLEE B 3 25 A T 49 21 ) 3R i e, ) EE 4w i AR
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TCLP & 7% X R T H/T300 5k Ji—
J7 T RUAF AL B 1) 9 e ok 4 A i KRB v BT
DA B L 2R TE R L 8RR AT R 0l T SRR
A5 le Al , SOK7E 5 S oE Hh 4k ST

T N A A T 4 0 ST e B LA e rh
SIERIEER, 5F 6 GBI LA IL,BRT Cu Z

Ab, HAhH 4 & iR &5 R A2 A K, As, Cd, Cr,
Ni, Pb HARAGI EE B , i B TS e e A B 2 fa
FEW,Zn 7E H)/T300 12 2 )y FA —x iR, H7FE
700°C 22 Hif 5 BIS HH Ve I e b T B8 T v T R 1
X ST ARGE SR8, H 53R 4 T iyEdi
FHZEANK ANAA o 55 38 n 5 3k ¢ B ¥ ) A =
&g Cu Ja AT HAL, X5 JRAR B & 47 A HAb 4
& RS E RS AN K, AN AT (5 12 AR AR

*6 SRMARERERFHNELZERH /mg-L'
Table 6 Heavy metals leaching from SS and SS chars prepared at different carbonization lempelralures/mg-L’l

B2k T As cd Cr Cu Ni Pb Zn

F¥598 +0.5% Cu 0.0051 £0.001 0 N.D. 0.0426+0.0008 0.1322 +0.0020 0.0021+0.0001 N.D. 0.1215 +0.0020

400°C 15 R % N.D. N.D. N.D. N.D. N. D. N.D. N.D.
HI/T 299 500%7?%& N. D. N.D. N.D. N.D. N.D. N.D. N.D.

600°C 75 8 1k N.D. N.D. N.D. N.D. N.D. N.D. N.D.

700°C 75 8 1% N. D. N.D N.D. N.D. N. D. N.D N. D.

800°C V5 fg i N.D. N.D. N.D. N.D. N. D. N.D N.D.

GB 5085. 3-2007 5 1 5 100 5 5 100
F¥59 +0.5% Cu 0.1513 £0.0020 N.D. N.D. 137.3117 +2.0000 0.3377 £0.004 N.D. 3.8778 =0.0700
400°C 15 R % N. D. N.D. N.D. 1.8826 +0.0100 N.D. N.D. 1.2425 +0.0200

HI/T 300 500°C 75 8 s N. D. N.D. N.D. 16.2262 0. 3000 N. D. N.D. 0.6097 +0.009 0
600°C 15 1k N. D. N.D. N.D. 18.567 2 +0. 400 0 N.D. N.D. 0.3352+0.008 0
700°C 75 I8 4% N.D. N.D. N.D. 27.037 8 +0.700 0 N.D. N.D. 0.3893 +0.0070
800°C V5 fe sic N. D. N.D. N.D. 49.719 1 £0.700 0 N.D. N.D. 0.5783 +0.0110

GB16889-2008 0.3 0.15 4.5 40 0.5 0.25 100

F7 ESREREMBRIELERHER /mg L
Table 7 Heavy metals leaching from SS without implantation and the chars prepared at different pyrolysis temperatures/mg+L '
B’k T4 As Cd Cr Cu Ni Pb Zn
Ti5e 0.0468 +0.0008 N.D. 0.0489+0.0007 0.0104+0.0004 0.0018+0.0000 N.D. 0.1093 +0.0020
400°C {51 7% N. D. N.D N.D. N.D. N. D. N.D N.D.
HJ/T299 500C ‘Jii‘i)éi)“z N.D. N.D N.D. N.D. N.D. N.D N.D.
600°C 75 e 1< N.D. N.D N. D. N.D. N.D. N.D N.D.
700°C 151 ¢ N. D. N.D N.D. N.D. N.D. N.D N.D.
800°C V5 e 1 N. D. N.D. N.D. N.D. N. D. N.D. N.D.
Ti5ile 0.1396 £0.0020 N.D. N.D. 1.7591+0.0100 0.3465+0.0040 N.D. 3.1017 £0.0900
400°C 15 1R 5% N.D. N.D N. D. N.D. N. D. N.D. 0.9895 +0.0100
HI/T 300 500°C 15 e ¢ N. D. N.D N.D. N.D. N.D. N.D. 0.4030 =0.0060
600°C V57 i N. D. N.D N.D. N.D. N. D. N.D. 0.2312+0.0070
700°C {5 1é 7% N.D. N.D N.D. N.D. N. D. N.D. 0.2321+0.0050
800°C 75 e 1< N.D. N.D N. D. N.D. N. D. N.D. 0.3078 £0.0050

3 W 3% (T4) B, i5lem s Cu iR Bk T1&

(1)1 Cu WY HRE R ATE TR G 0. 5% (T3 ) i,
7E 400 ~ 800°C ML EI N, LI4E &MY CuCl, -2H,0
HATGIRFH Cu £ 91% UL FARBAES % T, B
7 Cu B R = A FB 15 I 1Y 0. 5% (1 3%) B,
Cu 7E¥5 P 7 BB A RL & & 5 400 ~ 700°C 1975 Je
B EPEA DAL A bR AE. Cu A9 TR 2 3k T5

5 [P ) PR AP

(2) X THREEMER R TE R, Cu B AR A 1E
I RAREBRW, B2 AR IR RS2, DABE A
Yok Ak, A BBy G SR AR e MR e, (B2
TESH AR VS N, AT Cu BTSRRI A R
TAEREY). VIR R, Cu ALAS 15 H
ARAFAE R B TG i A TR A s (2 BERCR.
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