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Physicochemical properties and heavy metal pollution characteristics of
incineration fly ash before and after refuse classification

GUO Mengru, ZHANG Bingru®, XI Jiarui, ZHANG Boxuan

College of Environmental Science and Engineering, Tongji University

Abstract The physiochemical properties and heavy metal pollution characteristics of fly ash from a waste
incineration plant in Shanghai were studied and analyzed. The results showed that the fly ash surface area and pore
volume decreased obviously, and the chloride content also decreased greatly after refuse classification. Except Zn
and Cu, the contents of other heavy metals increased after refuse classification, and the leaching concentration of Pb
was far higher than the concentration limit of Standard for Pollution Control on the Land(fill Site of Municipal Solid
Waste (GB 16889-2008), which was of high environmental risk. Therefore, the fly ash must be disposed of
harmlessly. Due to the change of Pb, Cd, Zn contents and their unstable forms, the leaching concentrations under

acidic condition increased significantly which posed a great potential threat to the environment.
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1.1 R

TCORFE A I R R be T A T
W o 2SI BE TS B s ROK, i A8 ke H AL B R AT ik
500 t, BEbe 7 A IR FH T R, BTk ) e T
ANAETR L W, g AR F- 1 o A8 2R L it H i 6% 107
kW-h, "CRFESEH TR L R G4 BR R 2R 1Y
BE3E, BT d NP AR TR, HTHUREA ] IORE] e sg
B, SRAEHIREHE B8 HI/T 20—1998 Tl 44 1% 2%
FERIRER AR HEA 7
1.2 RWHE
121 REIES R R TR S

¥ H B F B # 45 ( scanning electron
microscope, SEM) 73t KK ITE AL, dl 1t F 3/
B FT Brunauer Emmett Teller(BET) 52118 %
IR R ALE .
1.2.2 WKITR MH YR b

K X 2% HL F BB 1% ( X-ray photoelectron
spectroscopy, XPS) 4+ #F & K o€ K 4 W, Kk H
Advanced-D8X % X-ray diffraction( XRD) { M & &
URIR/N %
1.2.3  CRUKIEME S SR

IR 10.00 g & TR LG, inA 50 mL
K, 37 B, B TKFIRG A L, 7 20~25 C F
L 150~200 r/min #2316 h, fifi F 12 5 2 REIE AR, IF
FA A DGR 2 2k 0, 38 ok pd i i 330 RO P o
RPSYriy-

FREL 20.00 g €K E T 250 mL 3R M,
A 100 mL 287K, 55 B, BT KRG 4 b,
F(20+1) °C #&3% 30 min. BT HE 5 ##E 30 min /7,
5 KK HL, 5K (electrical conductivity, EC)
124 CRERE SR

PRI 0.2 g CIKFES,, 76 180 °C A1 B iy fiff
JH 9 mL F 7K (HCI:HNO;=3:1) . 6 mL HF, 6 mL
HCIO, #EATIH i, WA A )G, £ 2 50 mL &4t
L EZS, R 0.22 pm 35k U6 % 10 mL Y

O, BRI
125 RE

432K T HI/T 300—2007 AR 9 32 ik
Bk BERRZE o) U HI/T 299—2007 € [
R BB MR 7 RS R I )P HI/T
557—2010€ A Y B MR Tk KRG
20 B BHARIA B CORE B 0B . RV RE
KL HL R OK B T KR WA I R 4 JE R
T
1.2.6 &K pH-Stat {45

FREL 10 g QK T BE4F A, e IR 1 LGS 20:1
(L/kg) Jim A AH R & B A 35 2 570 (R A NaOH Al
HNO, ] 75 #= $2 ] pH 43l 4 1. 3. 5. 7. 9. 11,
13), BESIBEFE 8 h, WA, Frll.
127 RKELEREES T

R R E AR IE AR, R Tessier
PP X COKEE 4 SR AT i AR AR, HOD RN )
m# 1 s,

®1 EERERE

Table 1 Sequential extraction procedure

FERIEE
Q&S

RIRERAEA S 8 mL 1 mol/L NaAc(pH=5.0)

B

AR SIS
8 mL 1 mol/L MgCL,(pH=7.0) #iR Fi%44k#%2 h
WA TSRS h
95 C'Fi#Z4E6 h

20 mL 0.04 mol/L NH,OH-HCl

3 mL 0.02 mol/L HNO,, 85 “C RIS h
heS h,

éjﬁ[ééi%?& 8 mL 30%H202v = .
5 mL NH,Ac(20%HNO;) 130 min
it HCI+HNO,+HF+HCIO, ReE--v - elielsh i

2 HREWE

2.1 XIIBUMR
2.1.1 JES LR
B ARG 0 K SEM ILIE 1, WAL 1 AT LA
F i, RO S AN T, B3 oSS HT Ot
, o r i

(a) B2 3 KA (x5 000) (b) B 5FFI5 (x5 000)
E1 ko AFIE TR SEM E

Fig.1 Scanning electron microscope of fly ash

before and after refuse classification



43

SRA A A BRI B bE O Y BR A N T T R " 845

RS SRR, 0RL A1 R K5 Bl R K
ORISR IR ATRLIR, —# XA B2 R FLBR, HIBORE
F 2 03 A A AU ISHEAR By 50, T2 3+ 0 BLKE
ORI/ R RN A 2 R . AR 2 RTLAFE HY,
TR AL BARIEAR A AR, 76 T4 o 7 v i
MR B oy 24 2R P ol e o 4 JBE A 20 AN, TR
R CEE R & e VSR WRI LI S 0R
A R IR, 028 I B ROB I/ B R £k 4 [ 24 5 o
B, SR H BA S B i FL 25 . 28 A S/
FRHSCRT BET J5 B3 Sc e o 26 minfa RORAY He i A
FIALES, Z5R0N3% 2 s o N3 2 I DA Hh, B3l
ST Y KK L T RN AL A 23 i S 23.35 m?/g Al
0.05 cm®/g, P TR )R 19 QK T KK E
& Jm AR AT AL L R AR YRR, Bk
OrRJE TR L SR AR S/, A8 A AT 2R HT Y
WK, HE B m iR AR %2 A

40

—k— ST ASHTI B
35 | o AAKRATBH
—x— 3Rt
—o— 4325 Mt bt ‘
307 |
/V
o 251 |
&
< 20}
)
§ 15t
10 rird
QW"{:*
st g’*”’*
0 1 1 1 1 1 )
0 0.2 0.4 0.6 0.8 1.0
AHXS T (PIPy)

2 TRIREYIRY/BR BB L
Fig.2 Adsorption and desorption isotherm of fly ash
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Table 2 Specific surface area and pore volume of fly ash

TRIRFES Ay (m¥/g) FLZ/(em’/g)
B 2T 23.35 0.05
B 25 13.81 0.03

2.1.2 JTTERUAMST YIRS

B4y 25T IE K XPS EIEULE 3. mE 3 Ar
UL, 2 F &K O Ca i & AR &, 2B ©OKE
ERMmALYH RN, 8 Si0,. Ca0 %, H
CaO F=ZEVR T4 30 56 b b v S 41 ol i ok <Ak (A
HCL. SO, 5 ) M HERL, A< R G h LA A
WK o By 2ERHTIE KK XRD EIEAIE 4 fin. M
4 W LLVE i B30 28T E RO W) o A T 25
S, B )R IR XRD K R IR N

B BRI, P B 3 0 28 5 COR &R Rk i S
MBEECRDI . S 3 45570, 2 M COR U 5
A EEL, A R ALY (NaCl, KC1) (1 I58
F s . SACPITE B 3 E R RO B3 S SR
43 (W PVC ¥k}, 2t b5 ) 76 e il A8 e i i
A HCL 5Pk 4 J@ (40 K, Na 58) 85511, B3l oy
F 5 A IR AT TT i R Ry JoF A 3 5 R
1R ) B D i AR AE e | LA AR T kAT Ak
B, SEMTRCE TR, BT KGR, K
BFOLT, ORI 4 s AR AR, A,
AR P FE AR AR A A AR D, (H 5 43 2T R
AR, 732K JG RS AR E 4R, X RESs
SEMA R T 4 S R R
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Fig.3 XPS spectrum of fly ash before and after

refuse classification
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Fig.4 XRD spectrum of fly ash before and after

refuse classification
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S VA iR 144 (total dissolved solids, TDS) 4§ 7K
LR Y A, S T R HLY; B3R T L
ZEA R W W 5 A B BH S i B = N e n] DL



* 846 TR

H12E

fEER S . — N OU T, M S A, Eh i,
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Wis T2, BERAr 25 R &L i R IR AT, X
55 2.1.2 15 XRD BRG] . R g Al i
PR T2 SO AL SR B RR £, 3% 2875 Y Wy O A2 X
PRIE AN RRAG R 1l , S AR 2 BEAS K Ve
PHIERR R BENE B B, R PR £k 2 (e HE AL AT 45 F Y
eI, FBUKIRR 2 IF 2L, BRI A 7= Fids
il T AL A 5 B, 4 iR A W IR T R, SRR AR B
UEARAL B MR Y2, RO Eh A R
55 1 R ROR [ AL 3 B A 52, AT RO IR Ak Ak P
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®3 YRRBERBSE
Table 3 Water solubility and ET of fly ash

- R B MR R mSSR
i H

g g g % (mS/cm)
BiAYRHT 1001 452 5.49 54.85 110.63
BiRARIE 1000 6.39 3.61 36.10 75.93

22 YREEBETEFMH
221 HEEEGE

CKEER TR 4, NFRATTLIEH, 5k
SRR ORI E S S & e Tt
A ™, BERIR RIS BE B KR A AR
BV A a3 KU K, W20k 47 48 4 4 B AT JC 3 4k
Wb,

x4 RECRERE
Table 4 Contents of heavy metals in fly ash

oy iﬁi&\ﬁjﬁiﬁﬁi%)ﬁf} iﬁ%ﬁﬁjﬁiﬁiﬁﬁ
&t/ (mg/kg) P/ (mg/kg)
Cr 143.57 528.59
Fe 2 596.24 26 171.08
Ni 41.16 195.40
Cu 3714.52 928.64
Zn 14 611.46 8284.44
Cd 9.72 137.86
As 38.09 689.96
Pb 990.96 3003.75

TR Y 4 JE YR T AR e AR AR TS SR Y
4R M HAL G PR be fnZE £ B3Rk ST E
B & 5N Zn>Cu>Fe>Pb>Cr>Ni>As>Cd, B /2
J5 B4 @ & N Fe>Zn>Pb>Cu>As>Cr>Ni>Cd, 1

W 250G KK Zn., Cu. Fe. Pb IS B E, Al
REJE T RAERH A AR TG B I h S A R 2 U0k H
PEALRL Bk, SRR 1)) FES F Tt A5 1 A B
Bk Zn. Cu bb, Hop & )8 & e b o 2505 & e
WOrwi A BT . Zn, Cu (9820 Al B2 K HAE
BE e it B b R KR B 32 S ALY B S, S 3 2
Ja EACH & R AR B AT TR A B A it
%, MBI R iy &m0, Hfh 48 &
SEIE TN . — 2 PR A SR A b BT A B O RO 4
M /IN, BRI, Bl A o A 7 30 B Jd £ F) ik

A MR TR R ES R S ' T
I, FEMI 2352 K i 48 & i e T
B RE TR WA 5y AR HL IS EAS 15 B4, S 80U%
BT R A 2 1 Wy ) RSO R P A 15, R AR
TR (DS 3 v %) BRI i AT A B e 7 =X Ak 3
FEAS AL PO I DV ds7 3 A 43 () I 3% 2 43 Hp 1
Jin, Cr. Cd. Pb & & AHRN K MR I
222 HEREREREFENE

CORIR T EEPE R VAN B e R A S A5 AR
i E LR, X AT b A B B IR R
() ZAR Y, R 4w R Y R AR R A
A, CKESE SR R B BN pH. R E R
AR, EE T T UKE SRS B
IR B, S T H KR R B R AR iR
thit (mg/ke), AL ESBE N ESESR S EIT
B E SRR R, SRR 5~ 7 BR., Xy
T 5 4 R = R AR AT LLUR IR, BAR B3 oy
5 A o BN, (R R RO AR, SRR AT R
S RIE SR A AR, R/, H KA & 5
ARt S0 D E LR AR . XTE 3 FR 7
2, R pH HEAH 12.10~12.33, S a6,
FER R pH ZHIAKIZFET, BT RS RRTE i [
Hoh 2011, BERRAR B T AT EH & @A A 1EH, i
o 4 A IR TR R R, B R A R AN K PR T
JE R R B SEA—B, BLAh, A JE S Pb iR Uk
JE e, JUHOR R IR AR R B Ph R MR A v T
GB 16889—2008 ¢ & FRAE"", ik & Ky b 3 0 2 I
KK Pb R b s 2R HITAY 3.03 4%, H Pb B T
PEYI T, B AR HE T P I . ZR L, H
SR B IR 528 5 IR R BEE, T8 CRK A 4 Ab i
PRI ICTE Pb BAHLE
2.2.3 pH-Stat #ZH

pH JE 5 M 58 e COK Th 4 i 1= R EE R — A
HEFEPY, R, SR AR R AR ) 42 550 ) 5
GRAE R ORI TIR IR, AR Wk R )
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Table 5 Leaching of heavy metals in fly ash extracted by acetic acid

WiH Cr Ni Cu Zn cd Pb i ipH
= R/ (mg/L) 0.040 0.024 1.493 3.162 0.038 95 4.675
B8/ G i ] = B /(mg/kg) 0.805 0.473 29.863 63.243 0.779 93.492 12.27
BRY% 0.561 1.148 0.804 0.433 8.013 9.434
= R/ (mg/L) 0.207 0.016 0.194 1.721 0.022 19.431
Wi sy IR = B /(mg/kg) 4.130 0.321 3.888 34.412 0.449 388.613 12.28
BRY% 0.781 0.164 0.419 0.415 0.326 12.938
GB 16889—2008 W PERA/(mg/L) 45 0.5 40 100 0.15 0.25
#6 MEBREERZREYRESBHRLER
Table 6 Leaching of heavy metals in fly ash extracted with sulfuric acid and nitric acid
TiH Cr Ni Cu Zn cd Pb B WipH
R /(mg/L) 0.081 0.026 1.239 4.139 0.038 7.168
BV & el 2 /(mg/kg) 0.813 0.261 12.388 41.392 0.384 71.679 12.20
BHE/% 0.566 0.634 0.334 0.283 3.946 7.233
R /(mg/L) 0.201 0.024 0.232 1.589 0.027 26.634
B E 2 /(mg/kg) 2.012 0.238 2.322 15.886 0.269 266.343 12.33
BHE/% 0.381 0.122 0.250 0.192 0.195 8.867
GB 16889—2008 WeBEBRA/(mg/L) 45 0.5 40 100 0.15 0.25
*7 KHRHFRIEYRESENRZHER
Table 7 Leaching of heavy metals in fly ash by horizontal oscillation leaching
TiH Cr Ni Cu Zn cd Pb R hpH
R HWE/ (mg/L) 0.080 0.020 1.276 3.531 0.039 6.994
B STT 2t #/(mg/kg) 0.798 0.198 12.759 35.306 0.387 69.935 12.10
EHRY% 0.556 0.481 0.343 0.242 3.982 7.057
R/ (mg/L) 0.219 0.023 0.227 1.593 0.013 25.826
BRI RIE =i B/(mg/kg) 2.193 0.226 2.266 15.926 0.129 258.260 12.16
BHRY% 0.415 0.116 0.244 0.192 0.094 8.598
GB 16889—2008 WL IR{E/(mg/L) 4.5 0.5 40 100 0.15 0.25

pH AR INIE 5 Bi7s o DAL 5 W LUE Y, Wil o 26
B 5 6 FhvE 4 8 i35 ok B AR A A — 2, M 7E
pH by 1 MM R 45 18 T ik B i L, B pH A HE in
Cu. Ni, Cd. Cri& i ¥ &£ Z s/, M Zn, Pb 2 Fh
e EE TSR, R AR,
#83 Pb(OH), 23 5 OH 4% 4 1 i 5 ¥ 1Y) Pb(OH)Z
1 Pb(OH);, Zn 23 5 OH % & & i Zn(OH); Al
Zn(OH)y, I TETEAE 25 4F T Zn, Pb & R Mg AT
BEINCY, BRI IE, BT RORE &R A g,
Pb. Zn, Cd %A ik B2 1 i 7 b 3 43 26T, JUHE
A Pb AL, FERRBRIE (L T A MR s i JRURS
224 FEEBILAST

i 4 X BRI AE W) 04 i AU T 4

JE &, WS EEENIESA RIS, REIEER
4R S AR PR R RN, B 54 1Y
B B LLAE AR BRI, JET Tessier i
SRERMGE, WK &R Ml S8 As | IRIRERAS | Bk
AT AL A ARRIES . 1SS MR
B EELE S RO, TR, v DL E A
H, fals 2ECE &M, 58 S as & 1A S E
& Z AR RIS A e T, B ohtese , R
MEFH TEA, (RAER A5 TR 25 B A RRUE,
XA A W LE M 1, GHLES A SR E, —
FEAS 2 = SR, AR s I AL AR T, 31X
LU T 4 J 25T 0] WA AL %) R A RE R R 5 AR
SRR, SR KREE TR T, N5 A
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Fig.5 Leaching concentrations of heavy metals in fly ash before and after refuse classification under different pH conditions
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Fig.6  Speciation distribution of heavy metals before and after refuse classification
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