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H OE: R TRER. Ak pHAAZZ BT ¥ &K F£4E Pb. Cr. Cd. Ni. Cu. Mn. Hg. As
ayR B, HREAY: SELBRE FAMARE G mmIg i, L Ni. Cu. Mn. Cd 4972
FABRELKT 25 B RAKRFE, As BRELKT 60 5ix h A K E4 /8 ERBORY pH<
1.95 B #973 y sRF iR K F R A2 BORE pH > 6.13 B 6953 iRk, [EE 2 B 18 6938 hm, Hg #9733 4
RELTHE EH, CrigR%&EH, 30h EEATRK; Cd. Cu. Pb. Ni. Mn i B HE 2h-6h BiZ
R B R GR RN, As MR I An, mEAEARKR; AREK., 46 pHAARZ B ot E = A aB £
¥, pHAEM ZE 4 ENZEHhRR, TLEEREIETRYZ Y, 12 Pb AAMEATELS TR L.
KR R, 45 RBIRE; REk; pHAL ZdiatE

FESES: X705  XXEFRIEEG: A XEHRS: 1006-0375(2007)04-0014-07

T AR TS B A e Al AR BT DA IR AL EE R T, BRARS AR, b E R, Bl RE
PR, AE SRR R A AR O Bt 4 B SR I He Cd. Pb. As 25 1k i 4 g,
WA FEAY, (RS FARIAEE N ERT N, S EREWEIE Ik, FHdE NS, V54
H R KYE. DRI, DA RS A e KA T A AR FE, ek b R SR I kg e

Wi ek 55 5 A0 B SRR A R B e YK Hh B 4 (PSR MEEAT T ST, 48R T WA R0 pH
{ELRT KK 2 I S KOk rp TG TR VB R R 1 s IR 21, 2RI 44 AT 1 kvl A3 B 3 4
HeAkpedr kKb 6 B #E 48 Pb. Zn. Ni. Cd. Cr. Cu fEAR[R pH A FENERE L (L/S) F K
VERRPE, FRH KK E SR S RIS FIBuED. e AL R B IR B S R (1
AT T EE R PR RS, SR TR LG 904G pH A A3 H IS TR RO o 4
Pb. Zn. Ni. Cd. Cr. Cu ({33 H A AL Ao DI T A il o 3, SR SR ZE
LR O R G EeT, HMW ZBAE R, bR s i, A At 8
A MM PR G R M I AR R LT = A RO I 4 e = AR PEEAT T 9%, @
AN R LG HT146 pH AE SR IS TR KK 4 )8 Hg. As. Pb. Cr. Cd. Ni. Cu.
Mn [¥)33 H 52 S AR AR, 15 H A HRR i CORIM B SR uR R, b NPl ST
AL R 25 R PR SR S .

kS BHEE: 2006-12-17

EE&MEB: BEXRESHEATIRERIB63 vl H(2003AA644030), Wil 7 il i 4: 100 H (04065)
fEZE N IKIF1957-), L&, HKEFEN, W50, W rE: LIS RBAHES BRI, BAKEY
Ab F A
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1 SRS
1.1 EWiRE

3080E; 1 X SF£k5 G PE4300DV A H L& 55 2 4061 WHG-102A2 RUE AL
Yk A28 N Z-5000 AL PRI Y BT Gl As T Hg)s ZHWY-2112 BUZ AR FEE IR BRI
PB-20 ¥ pH t: Z-5000 Jii IR/t et WHG-102A2 RIS K A4
1.2 XKIRHERI

AR ICSEIG [ CORE S B MIGT TS A8 RE ), %) SRR AR S R S COPA S SR A
%ﬁﬁ S T B A B TR AT S BR 2R 2% e W B

FRI B 2 B 43 FH DU AR s R B R d A, AT XGRS e el e s WK L4

EAEﬁ%mmﬂEHGmﬁ&ﬁ%,ﬁk%ﬁ?%%%ﬁﬁ&ﬁ%%m:%f$AﬁMk%
& H HNOs-H,0,-HC W FE, 7l - Sk B ikl
1.3 ¥RHRIRHIWAE

KU 77 TCLP (Toxicity Characteristic Leaching Procedure) & € [E EPA 767 A 11
ﬁ@ﬁ%%ﬂﬁ&(w)ﬁMLﬁﬁﬁﬁm SR R PR AR R (R b . AR sz rp
KA TCLP 5286 D K CARRE SRS 200k N ~F<Imm, £ TCLP i2HU4AF MR, e
%ﬁ%ﬁﬁ,ﬁﬁéﬂﬁﬁm,Wﬁ&&m,%@E&K¥WW%ﬁmﬁ%.
1.4 REGEFRENE M AL EE

A S R R BOR FH VKIS R (CH;COOH) B, pH {E K 2.88+£0.05. RHUTVEHERELK
WL L/S S 25 1 (mL/g), G asMiHEh (110+2) t/min, #R3G M4 18h+2h.

PLEIRSEIGSHON U, DA S5, T TCLP SRHCER S, 54142 ) pH 1H,
FH DR WRE KA ' B R R RS- S A & A vk s = 3 Py Cry Cdy Niv Cu. Mn,
Hg. As FFHEEBIEHKE, DU SEON COKE S 8 IR 5.

R G

2.1 XIRHERDITER
KIRI FEEAL SR M ES RS R LR 1K 2. NP E R WK ESELL Pb & e
Rl SR T HI B Re KK  HALE

Table 1 Chemical composition of municipal solid waste incinerator for fly ash (W/%)
SIOZ A1203 F6203 MgO CaO Kzo NaZO P205 TIOZ
28.35 11.69 4.24 2.76 20.21 1.70 3.99 1.45 1.16

2 SEI IR AR K G

Table 2 Heavy metal content of municipal solid waste incinerator for fly ash (mgkg™)

Mn Pb Cd Cr Cu Ni As Hg

754 4030 130.8 127 1660 457 23.00 7.90

22 HWE LY TCLP FiRHi& pH . E€RERHAIFIT
SO FORE L L/S b RO E < J@ i I 5, SR OB A L (mL/g): 5. 104 15, 20,
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25, 30, 40. 60. 80 MHATHIFL, HERISEIAATn FRTkR. HAF R 1 i 2.
2.2.1 R E W TCLP /&iZ & pH 1A 69 %k

FH T AT, B VR LE RS N, U (R pH B st/ & L /T 25 I, pH
M TR, G E LR T 25 i), pH EAREREC, 3 LR T 40 B, pH fHEEAAAR.
222 REWS TCLP Bzt €4 /8% ke %h

I FCAS TR R ] b 25 1) RO PTiR 1 4
RIS, A R RS mg L S Ay g b
B A mgg!, WIS 1g WIS ES R, 4
Rl 2 proi.

HE 2 B, ) \URrE e s 10 S AR A L
Fe N, e Cr. Pb. Hg. As 7EW[E KT

4 -
25 WP IFAR B um &S, 10 Niv Cdy Mn 7E# [ LG/ 3

Fosu, W, ERELKT SR, didas 0 102030 ® S0 0 0w
25 S 452 SEL L B SR B N

BOPE, WRRR M RERGE. As ERILAT g i o e on o
60 f, BHEXIMAITFE, B As LIRS Fig. 1 Effect of L/S ratio on pH value
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LS
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Fig. 2 Effect of L/S ratio on heavy metals leaching for fly ash

2.3 REUE pH EXf TCLP RiZHi& pH E. E€RERHIFI

h TR B pH (X TCLP JE¥ I pH (A1 428 H 5 ma,  SEG RN LLUKBS IR
(CH; COOH) FZ&A AN (NaOH) #RIELHIEL pH fE04 1.03. 1.95, 2.97. 3.95. 4.89. 6.13.
6.98. 7.96. 10.06. 11.95. 13.78 [FZHUA, X WA TIRICES:, a5 R LK 3 FilE 4.
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2.3.1 ZBUR pH A% TCLP &z & i& pH 1A 69 %57
3 AL, REGH pH<<7.03 I, &SR
RHUH pH {50 7.03-10.02 i, &%
HR pHAEHIL T — AP 6, CRIFFLE 8.310.3 2],
G X5 REGH ) pH AEAHZEA K. X 0] Be 5 KR 2%
MR K. AR H, Al FI Ca (EWIHIHRE
& KK BRI ELENER, ORI

B pH {EFEAAH S

—_ = =
(=
T T

pH (after TCLP)

S N B~ N
T T T T

0 2 4 6 8 10 12 14

P SSRRAENE RO R R I — e Mz R e ) pH (berore TCLP)

IR IR pH AEARAGAR /. TR R pH (H 252 & B3 KRB HHTE pH 251k
JRUE L PRI R 1 49 B i), JIT AR B A pHL (R Fig. 3 pH value changes before and
/N, PRI SREAR S9N, KR AN RE st 2s R AL after TCLP for fly ash

2.3.2 ZEGR pH AL TCLP /&iZ ik &4 5 ik 69 %R

HIE 4 M it, A6 pH{EDN 6.13 20T, @i MR IREEACAT pH {H 6.13 ZJ5 11

RHREE, R CKPNESERAESERMEREE FRH. Mn, Niv Hg. As. Cr. Cd [FEH
R M TR IEAAHAL, HAE B A V2 ORI pH (B K IR B 120 FRAIG, 4E pH3.02-3.94 Abiz
KRBT — MRl 2] pH>5.00 J5— B A% Pb 1 Cu (U3 IR FE 2 RIR AL, 7E pH 1
KT 1.96 JaE Mk BB B8 h0, 78 pH {8 2.97-6.13 Z a4k AR, HUEHLE pH3.95 dbf—A
NR&, #E pH=6.13 Jai IR RS pH (E B Kk, € pH=11.95 J5 Pb (2 IR Bl#E pH
R INAE % . Mn. Ni. Cu. Pb. Cr. Pb. As. Hg %4 /@ e B = ORI pH 340
= R AL, X R KT SR A SRR TR, X H AR REA

JERALOL Po 78 pH> 12 Jo LR, RSN, Ui Pb ZEBRIEIE O Tt 5 TR .
9 40
8 Mn 351
7 30 |
6 s A=
a5 ™
g4 8 T(s) r
Q 3 Q -H
g
o | cd - 10|
1 5|
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2 6 8 10 12 14
pH
100 14
9 | '
80 | 12F
_ o7 Fb 1.0
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30} 04}
20r 021
10t
0 0

Bl 4 )4 pH X TG R H S0
Fig. 4 Effect of pH values on heavy metals leaching for fly ash
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M 3 AL H, Py Cd FRI3 H I P AN (DR 2 R 2 [ A 6 e 5 o b 1) Fe Vi g,
b P [ IR BEAEAT R4S #0300 320 1 ok B ) i 6 P 4 4 I b ) SR VIR JEE, 1T Cd AE B
ZAF R (i R BE ek 58 AR TR bR vEAE, Cu A Cr 2EBRIE S5 R A3 IR B LU AE R 41 F
HUMRZ, M Niv As. Hg (AT pH (ERIUAE N 0952 Sk #E F E F5 56 e 4 4 ) e t™)
[ SR VFIRFE (B ESE RS 4 AR e IE Mn (05D X SR, COK I B PR e v 4 1
I LA 4 FEERIR 2.

24 ZHAEN TCLP FiRE & pH E. E€ERHAIZM

AR A6 TCLP JG ¥ I pH {H A1 48
B, SRS, 2h, 4h. 6h. 18h. L) |
24h. 30h. 42h. 48h. 54h. 66h. 72h (K525 4q 5t H: 70 |
HEATHG, ek i, SR s Al 6. = 22 |
2.4.1 T 1a %t TCLP /& i /& pH {469 %% 64 |

HIlE 5 A0, FEFCARRR AR AR R S L T, R 62 |
R [R5 O 1 pHL A S ZE I 2h4h R ® 0 10 20 30 40 50 60 70 80
b, AR pH (M ZEAK, (HIEEEE R Time — vh
RS A THER S8, ST 5 KA gty 10 DI TCLP J5 pH iR
Iﬁﬁ)ﬁ%@zﬂjﬂﬂﬂﬂﬁibﬂﬁﬁ/}‘iiﬂﬂﬁ% Fig. 5 Effect of extraction time on pH
242 B EE Bz R

H11 6 s, Hg B R MRG0, 2 HERE R, R BT 42h 5ITG S BTt
Fahe Cr (32 H VR B G ¥ H IR TR) (R0 388 o S22 T, 30h R Bk, 1M v I ) 38 sk
HIREEZIA K Cdy Cus Pby Niv Mn 723 HIN ] 2h-6h N H A FEIRIE /N, 7E 6h G I
(3G IR IR PE SRR FEANAS, 1M As WIAH R, 763 IS [A) 2h-6h IR R FEIRTEE N, 7E 6h
S I ) H s R BEAR AT 2%, SR A 30h-48h R A3 %3)).

value for fly ash
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25 s *x
. # e e 025
- " " / 'y - L Ni
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E1ls * g 0.15fF S
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Fig. 6 Effects of extraction time on heavy metals leaching for fly ash
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3 NIl pH LSRR 28 105 Hh R FE 5 f W ey S bt ) Se Vv 1 L
Table 3 Comparison of heavy metal leaching test result of MSWI fly ash and leaching

toxicity discriminate standard of solid waste

JLHR pH
c/ppm

HFR 1.03 195 297 3.95 4.89 6.13 698 796 1006 1195 13.78
Sl 444 445 321 3.95 3.65 248 123 019 028 025 0.02

« ESF7R 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Sl 6.68 5.68 4.00 3.58 5.85 273 138 115 055 1.73 427

“ ESF7R 10 10 10 10 10 10 10 10 10 10 10
el 30.85 3844 3761 3202 4022 3667 2763 736 0.2 001  3.06

< ESF7R 50 50 50 50 50 50 50 50 50 50 50
Sl 5592 7548 7581 73.02  89.49  83.61 28.66 2281 1838 12.03 53.37

* ESF7R 3 3 3 3 3 3 3 3 3 3 3

, sl 1220 094 0.61 0.50 0.77 036 0.14 004 001 001 001

A ESF7R 10 10 10 10 10 10 10 10 10 10 10
S

N 107 38.01 2056  6.05 9.25 8.68 253 147 070 0.01  2.05 045
BV 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
S

He  X10° 845 212  0.85 0.37 0.66 042 191 42 329 175 085
EFr 005 005  0.05 0.05 0.05 0.05 0.05 005 005 005 0.05

3% i

(1) IR Cd BRI AERR P4+ O AT L S 3R e B A R 0 AL VIR

FE, i Pb IR IR AEAT & pH 448 FHBERR, Cd. Pb 7ERRYE ST N iR iR B itz A bk
AU 6, Hoe 4 B AR BUR T pH<4.89 IN {135 WK 1L KT pH=4.89 I 113 HIKJEE,
U HABRPE A T RO BE Pk LU R MRS R /).

(2) FE R IR R ARBE R L 3G N sg i, Cr. Pby Hg. As 7RV LT 25 BFIF4G
Ef EFHESR, Niv Cdy Mn 7R LK T 25 5 24128, As 7R LE KT 60 1), &
SR MA FTRAR, DO As 7EREINR LT CUB s K E, R L PR R AR

(3) SEhrE ], Hg R Ml B2 58 TR BT, Uil Hg SBEAE = H IS R] 385 0 i 38
s Cr 3R R WA 2 B TR) 36 N2 7, 30h 18 31 g K B9 VR H RF [R5 H 9
ISEMAK; Cds Cu. Pby Niv Mn 7E2 HiS ] 2h-6h B3 iR FE TGRS, S B () 36 v He
W FEAAR AR As WIAH S, (ER HINHR] 2h-6h NN R IR 0, 76 6h Ji Ik R) 36 st 1
WP JURAE 30h-48h Z [T 355, SALERFR A .

(4) FERE LL . WG pH (E &3 I R I = AN R 25, pH R 428 (1032 sk,
HE B AR IR YEIAEE T R BE sz K TS L R I 2 . {A Pb 78 pH>12 WU IR LA
B0, TIRER Pb fEBMEE UL N &5 OH AL S & TR A k.
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Research on Lixivious Toxicity of Fly Ash from Municipal Solid

Waste Incineration to Energy Plant

ZHANG Qiao', XIA Fengyi’, TIAN Yiguang®’, GUO Wuxue'
(1. Analysis and Testing Center; 2. School of Environment and anima Science; 3. School of Chemistry

and Materials Engineering, Wenzhou University, Wenzhou, China 325035)

Abstract: This paper describes TCLP experiment has been performed to study the relationships between
liquid-to-solid ratio(L/S),initial pH value, extraction time and leaching characteristics of heavy metals (Hg, As,
Pb, Cr, Cd, Ni, Cu, Mn) in fly ash from municipal solid waste incinerator. The results suggest that the
leaching weight of heavy metals increases with the rise of L/S, in which the leaching weight of Ni, Cu, Mn,
Cd changes slightly when L/S exceeds 25, leaching weight of As changes hollow when L/S exceeds 60; The
leaching concentration of heavy metals at initial pH<1.95 is larger greatly than that at initial pH>6.13; With
the increase of extraction time, the leaching concentration of Hg reduces first, and then increases, the leaching
concentration of Cd, Cu, Pb, Ni, Mn is decreases or As is increases in then 2h-6h; Among the three factors
which are L/S, initial pH and extraction time, the effect of initial pH on heavy metals leaching is the largest.
Heavy metals leaching from fly ash is more easily in acidic liquor than in basic liquor, the leaching
concentration of lead is increased at pH>12 being likely built in complex of Pb*" and OH ions.

Key words: Fly ash; Heavy metals; Leaching concentration; Liquid-to-solid ratio (L/S); Initial pH; Extraction

time
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