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K e % T ) Ak B AR TS BLIR A B COR I AR F P A
Zn WIE R ER LTI

FhAE, AXDY, REW, B XA, XFE, ZOTEE L5AR, HRRY 3 L8
x| £ 43S

LT IREE TR ARARAT, FFET 210019; 2. B RUIRE K2AHU 5 REVR 24 ¢, B 3T 210023; 3. iF [ IR EE R}
SRR GT B A 57 T e ps il H AR BFFE T, AU ET 100012; 4. ARG TRKIBA RA T, HIT 212499

o OFE KU U F A AR TR A IR B R KK R AT RAE AT, BESE KUK A Pb. Zn 7R /KW M SR Ak 3 A
Koz P R AL B AT AR R R E R A R . SRR, JKUETAEL S R, RIKH 0.15%Pb 1 0.015%Zn #E A 45 i
5, 94.05% 1) Pb F193.17% 1) Zn BAFAEKVEIR T, HIMFFEEEANE, KR FELAE KR D, #FEA%
N Y Pb A Zn b EB 0 76 75 N M TUAES R G N G ¥R, 93.84%Pb 11 81.38% HY Zn i A JK I8 # KL, 0.002 7% HY
Pb i AZE BN, 0.001 4% ) Pb F1 0.001 1% () Zn #EAZEIK . S5 Mt B R, KR #E P 1 RELAE7E
JE A& PbO., PbSiO,, Zn M FHEAFAEIE A ZnO. ZnFe,0,. ZnAlLO,. 75 M HERLTE An Ak e ok BE 18 Fr 1y
WA CHEZI R, X UL Po M Zn AE KR SC I T RAF A B4k, SBEXS H3Z2 . ARWFFE 4SS Rl Ak e
EAE K T LR E BRI S5,

XEIE KIRE; PhRIALE; ARTR I IRAE R RO Y B TRk

WE AR H7 K, 2020 48 F] 2.35x10° to B8 be kb B AT FE P 50 i AR 1 b7 3 ek & Ak R TG
A B[R] InF S R R el i, PROMCPE R B A DA GdHE). geit, 2019 48 3k 5 AR T S e B8 e b B i
o EACAL B R 50.5%, 1K B AN, 2020 EHE K & 62.3%", bR, S AE B K
(P ARG N, BT AR G R A A R A AR R W i R M OB A F Y R, A
AR, EHIIA (EEERIEY 45 ) P

A 1 BB B RO A Ak T o D BEIRAL AR BT IR AL, LR AR B IR AL B9 32 Ty SO B G
AbE, B AL E Ty X T B K BERR G K YR s MR IRl AL L ik SRAGE I B R AR BT, BN
Az i B A e TR Ak DL AR B I AR R ) B A RO 32, (BN T e R SR R EOAE T BRG] 0
X, FEER UK UEER G K Je 25 o A Ab a8 i B IR A D7 20 KRB & K e 25 B[R] A e 1, SRR 0V A
AISEEE RO RS, B TRV A IR L AR RG L PRE A BRE SRR A, R ) OB AR
VA3, 0RO R E A S AL B Rk AR BRSSO AL AR K PR Bk o Y AR B BE R R
T R oK ez b R) Ak i TR P 0 T e AR AE ) (GB 30485-2013) U A1 (K e 7 bip ] A 5 11 44 132
Yk EEA: 2022-10-11; R BHA: 2022-12-01
EEWH: TLE A Y ESHERTE % 8) (2020002, 2022016)
FE—EH: EOLM (1993—) , B, Wi+, TR, dongguanghui@jsep.com; MRIB(EMEE : AR (1985—), F, W+, WH TR

Uifi, zuowu@jsep.com
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WA EARBIE ) (HT 662-2013) " Bk ik AOK R A PR AL B, 56 (ERERED A E) P
YRR G A E, AL B RN B R A

WHERYE, Pb A Zn BRI RIS K BT AR A E 4 JE , P Uik EE AT IA 1500 mg-kg ™!
i, M Zn i AT 10* mgkg o KIS 5 AE U LE VR [ LG 4 AR M RORBETT K VR, R BROK Bk
J&i Pb St R 24.24%, Zn BN 0.68%. FHAGAEN ERGY T H 4 JE A K U A U R AL B A AR K
JB&, KB Zn, Cu, Cr. CdFl Mn#BA MIEBEENKBWIESHAWBE, SRELBENTE.
7 s AU e B K U A U IR Ak A I PR ) ook AR o R 4 B AR A B AR RS DR RE R e S G
FH BT 2 B 6O 7 AS [) T4 BEAS =T, G000 o 0 80 Wl K e 5 B TR) Ak s R oh R A R Y AR R R
fb o BUA RSN T X A 15 I3 56 e K P E 4 R B TE S A0 A AR T, WA I B3 A e TR
JRETCEACAL B AT BB SR X o SR, AT N AR 5T 32 B i o e 1 AR AR 48K U 7 B TR Ak
HRGITR, WA TRET AT, R8RS IE K I 2 P Rl Ab B K 4 i 3 A IR 5T KUK

K YR 7 Ui IR A B A 3 sy 3R B RO e R e TR A A 2k 1) R TG AL AL B Y SG AR BRI ARIE
SR Ve 7 U R Ak B AR TR B I AE Be CIK R G, WESE 4 BT COK K YR IBE & /K U8 A5 P [m) Ab A P Pb Al
Zn IR FEALRR T, PEAR K U8 725 Up IR) Ab 8 AR 3 5 3 B 5 O 4 AR i) B 358 XURS: R i), LAY A oK e
25 P TR AL B A 3 S I A B ROK T R G A SR A FE S AR B
1 #Rl5RE*%
L1 KREMRLECRTZ

K IR 7 Pp [ A A 3 s S B B RO R AR T 6.00x10° t-d ! 3 AL ik K e R 1AL AT A R 4k
K ZYGE FK T E R BRI E R AL E T2, KA . K T AR AR
BReS ARG, TARBME R, CIRELHEAKERARS, BAEJE KR A KL R
45, AL T e B A+ 4 B ik UE P R MVR ZE R 45, PR AE RS K I TR OROK Bk, 4
mn AR VR TOlkE A, UOUE TS IR M T RS, SoKUERIL R T 5 36 AK IR 25 Beke . Bt
KA —E BT, BT IR ez Sk R A, BT RGE R H K E KRBT 2%, HET
Je B ROBKE 35 R ik e B M OK e 7 s R TR I A A R, I BOI AR BE T Ik 1100 °C, JHAE
BRINFIR] A 20s, TE/K R AT 58 A 0 3 9 40 i R o 4 J 11, SEB ROR I AL S IRk AL B .
K

e Bk sk
l s T T #——- iﬂi?ﬁ%%%
HoRHEE R 5E —1
Y] AR~ — Ak A _ Pl
HK DL TR K VL HE BT R I
el e | St |
IRBEIK IKPEIK
T — 1  rr— IKEIR .
— il p— PP A% RS
T B L
5

' | BBk
» KBRS KRR RS
. . LR S SULE

B ACREHRLEEERRISE VRIS RiE
Fig. 1 Schematic diagram of co-processing municipal solid waste incineration fly ash by cement kiln
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LA . IR O R R S AN A #1 YREERFER ERIER)
£ I 2 g b = = Table I Main element composition of
PR, CHOURALAER 17, CaO Jrht fly ash (in the form of oxide) % (JFEED)

B0 38.00% ., ClIJg 19.00% . Na,0 Jy 8.50%.
454 K 2 Fit s i X ST Zem R 5 (XRD) B3 AT

Ca0 CI' Na0 SO, K,0 Si0, MgO Fe,0, ALO; ZnO

38.00 19.00 8.50 7.30 5.80 2.50 090 0.70 0.70 0.60

A, RIKRE2EY 4 3 E R Ca(OH),, CaCIOH
CaCO;. CaSO,. NaCl, KCI%,

KR E A JE TR A 2 o, Horp
Zn FIPb 255, 43514 5.85x10°, 1.20x10°mg-kg ',
2 FH5 R EE AR S 69.69% F114.30%,
X AL THFSE Zn F1 Pb SERSHE AL G B E A !
1.3 LIG&EMH

TRORIK PR TIAL F SIS A5 A . TROR B R

0 20 40 60 80 100

#7350 th, AKUEMIE R 3 m’ " RK, RRgk 20/°)
] 24 he 2 k7% XRD EiZ
KU 75 P IR Ak S A5 . KR A A TN Fig. 2 XRD spectrum of fly ash

Wk e, A R R AT AR R R i

r i N Mo ‘<2 7'_’ ;
SR S B KRS 0% R A ®2 RHEREZR

Table 2 Main heavy metals in fly ash

PRl Ak 2 Fp 00, SCue e R A 7 AR B i s P ——— o e
P - . 2y B e 2 1 wE o PR/ jiNy s/ BT/ FiNy
53682 th, BAEMBIME AR 310 eh s s | iR meke) 0%

FreEmta) 24 h,

] Zn 5.85x10° 69.69 cd 146 1.74
14 7% Pb 1.20x10° 14.30 Cr 86.3 1.03
SV N R P e ST 22 I M AL E=Nys

B, R XSRS ORD) S RIS b am aas | o a1 o

BN A S B TR R 6% ) (HI 781-2016) ')
T 22 TRV R 0 v 0 B 4 J o B 5 Akl (s RO R IR R AR A B DT R I LR A 5
B RBTIE L ) (HI 657-2013) W70 2 40 A< rb (9 B 4 i ot i vk B L SR FH RO 2 P A B 43 B Pb A
Zn TR KA T IIE SR O
2 #BR512
2.1 KEFAALIBIEIZ D P, Zn BT R4

i HE B R K PR AL BT B ROK  Pb. Zn i RS FE AU, BRI 2 A A W 5 4 A )
%o KUEBUALHE SRR Po. Zn AP ©K, EEHE Y RAREMS T K BTEA. 456
iR NaCl, 45 fhEh KCL. [ K AE . B A fE AR A A 5 09 Py Zn BT 3t vk B8 SO0t g A ot 76 SE B AR
PR AR R A BN e R A, SR AR 3 iR . B AT R T R A D PR AT R R S 6 20
[EHEATAEAE B B, A S T 4 a8 Tl 8 R AR Ak, FE AR 5% vl i A B e 22 (80 o Ho A
PEAT A0 M o ARAERE S P AT Zn By A H O L A ST K PR AL BE G RE R B A AR AR, N & 3 R
YET T ##% Pb. Zn FE/KPE AL HE 3 2 i 0 12 F5 S AL R

MWE I LEH, R KRG KYERE T )5, Pboc & i W JE N 1.20x10° mg-kg ' #2 55 &
1.33x10° mg-kg ', Zn JCZE i kM 5.85x10° mg-kg ' 2 5 & 6.44x10° mgkg !, HETEH T K
KT IR R KoKy FEh sy, SEEE BT EREF & BT KT Pb fith i 3.95%10° g-h ™,
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Table 3 Input and output of Pb and Zn during water washing pretreatment of fly ash
FEARR B/ s PbJFi Ve & Po¥i A/fi i /(g h™) ZnJF R Znf A/l /(g h™)
JRIR K 35th! 1.20x10° mg-kg ™! 4.20x10° 5.85x10° mg-kg ! 2.05x10*
HET IR 297 th™ 1.33x10° mg-kg™' 3.95x10° 6.44x10° mg-kg ™! 1.91x10*
HETHH 10° m*h™ 4.0x10™* mg'm™ 0.04 2.1x10° mg'm™ 0.21
NaCl 1.46 th™ 4.00 mg-kg™ 5.84 2.10 mg-kg™ 3.07
KCl 0.19 th™ 1.80 mg-kg™ 0.34 ND 0
il 7K 7.85th ND 0 ND 0
FiAtr — — 243.78 — 1.40x10°
Zn 0% Zn 0%
Jiths €K . Pb 100% v NaCl: Pb 0.14%
Zn 100% Zn 0.015%
VN AT Z Y > - 4 N e L)
KBEBARGE YINTRE R EREEWRG —> KCL. Pb 0.008 1%
HETHE: Pb 0.000 95% Zn 0%
Zn 0.001% l
> BT ARG > AFBRERS
HoAth : Pb 5.80% e e S
Pb 94.05%
Zn 6.81% Zn 93.17%

THHS:Pb 0%
Zn 0%

3 KFEFALIRIIZ S Pb R Zn B9 53 TR
Fig. 3 Distributions of Pb and Zn during water washing pretreatment of fly ash
b7 R 94.05%; Al 2= )k 243.78 gh', 5 FE 5.80%; 45 bR NaCl ol 5.84 g-ht, [ It
0.14%. Bt CIK Zn il 1.91x10% g-h ™', 5 S i i 19 93.17%; Hifth £ m] 2 1.40x10° g-h™', 5
F 6.81%; HR 45 fhEh NaCl 2~ 3.07 g¢-h™', (51 0.015%, FiRZEHEFM, Pb. Zn 787K Ve FAL # i
b ETAAAAE TR K,

KK H Zn EE L ZnO. ZnCl,, ZnSO,7H,0 Hl 2ZnCO,-3Zn(OH), & & A 7E, Pb T % LA PbO,
PbCl,. PbCO, ZFJE A7 46", H A {4 ZnCl, Al PbCL, W[ T /K o FIAR RSP sR £, 78 KK
KPR LA 3 BF, RIK A Po YEBE RN 1%, Zn FITEBER 24 0.05%, 10 KK Pb /KA L
B8 T Zn, VR KK Pb 1 PbCL, #9 (5 HL T Zn W ZnCl, 5 e H RSP AR RIE, RIROK BE
Wb Pb Fl Zn BYAFTEIE S 28 Zn(OH),. Pb(OH),, AN I Po B 1. Zn B ¥ 5 KKK
VeV I Y OH J b FIT 2K .

22 KREEHhELEZEZES Pb.Zn WIEBE LT

KV E PRI AL b P, Zn IR AP O HE T ROR L BET A AE AR R . H
L Y PR RAGRE L AR . A RIEA, A K 1R 4 Fos o ARAREE S Pb AT Zn A
7 B ST K ez P T A B O R R B A AR AR R 4 BTN o AR G g G SRR R R R B 4 TR
N BIEA SIS IROAFE B, TEARDFF R 2 35 I 25 50 g H A 2 47 43 22 K U 2 P[] 4b
Bt AR T TR P B AR 3.95%10° g-h !, RV Y 21.58%; A7 A RERTIE RS 43 ) O e
74.50% . 3.80%. Bk Pb HthiE R 1.72x10% g h ™', (5 ST IR 93.84%; HAB M 1.13x10° g-h ',
di b 6.16%; 75 AN Az K P58 0.50 gh ™' 026 g-h™', (5 L0k 0.002 7% . 0.001 4%, 7K
M EANE I AR TP HET RIK Zn By A R 1.91x10% g-h™, B A Y 15.26%; AZEARH G T 71.11%,
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*4 KEEWHMERILEDRES Pb. Zn @AKLH

Table 4 Input and output of Pb and Zn during co-processing by cement kiln
SRR B R PbJFi i i Poifi A/ /(g 'h™) ZnR R Znfi A/ R (g h )
KIS 10°m*h™ 4.0x10* mg'm” 0.04 2.1x107° mg'm™ 021
TR 297 th 1.33x10° mg-kg ™! 3.95x10° 6.44x10° mg-kg ! 1.91x10*
NEHER 536.82 t-h! 25.40 mg-kg! 1.36x10* 166.00 mg kg™ 8.91x10*
i 3.10t-h™ 7.20 mg-kg™! 2232 5.10x10° mg-kg! 1.58x10°
T 40.40 t-h™ 17.20 mg-kg ! 694.88 31.30 mg-kg™ 1.26x10°
et 332.20 t-h! 51.70 mg-kg! 1.72x10* 307.00 mg-kg™! 1.02x10°
%R 0.01th' 25.90 mg-kg ! 0.26 134.00 mg kg 1.34
BRI 10°m*-h 0.50x10* mg-m™ 0.50 ND 0
HAty — — 1.13x10° — 2.33x10*
NEH R P 74.50% HET A
Zn71.11% Pb 0.000 22%
Zn 0.000 17%
TR : Pb21.58%
Zn 15.26% RIS .
b AmEERG b RS T
PEEE A Pb 0.12% Pb 0.002 7%
Zn 12.61% ‘l Zn 0%
14 k3. Pb 3.80%
Zn1.01% HAt: Pb 6.16% %K :Pb 0.001 4%
Zn 0.001 1%
SOk Pb 93.84% Zn 18.61%
Zn 81.38%
B4 KEEthEILEIEZES Pb M Zn K5

Fig. 4 Distributions of Pb and Zn during co-processing of fly ash by cement kiln

SRR G 7 L 12.61%, KRy LG 1.01%. BB Zn B th 5 0 1.02x10° g-h', 5 S R 81.38%;
HoA X1 2.33x10* g-h ™!, b HE 18.61%; A K i 1.34 g'h', i [ 0.001 1%, FR&5REW
Pb. Zn ¥k ATK U878 J5 2Bl E e K TR Bk

FE K U6 75 D[R] Ak AR I s R b, O PR Rl b T T HE 4 R oo R AE K Ule A N A 3
EEBN., ELEIMEIEENERESERRRES AGERESEREREZ L, NGRS
ERPERE SR RS 5 AR ES R EREZ L™, Wl ) Ml Q) , SRR
WK S Frn. Po. Zn )@ TEERMERER SR, WERSHATLIEH, Po M Zn A5 &0 NTEAAE
R, HAMEFR TR AR, £ Pb. Zn 7EA N AT RGP L NG, AN Pb M Zn FiE 08
SRR, BAILT- R AR, S AR BT g R IR — B

AMIEIE R =25 K o 4 S e T ) AN R 4 R T TR (D
NIEIMER=P Al B LR R ERE /AR ES B RERE )
Pb F1 Zn 7F B AL TS A AT fE HIE 2 .
! ij@@:?jﬁaﬁmiﬂ/ u 5 Pb. Zn FEARENEREE

6 iR, GG K% s 4T T OLX % Y Pb, Table 5 Circulation of Pb and Zn in cement kiln

Zn A7 AE T 25 AT 3T 5 7 . 4 SR — —

B SR . REEICEE . Pb. Zn 1 LLAULY So) 25 [ ZIGIL LN

) P : GBI SMER MR

A, EREF&GZEHSA, FERER o 72 p " -

2 AN = B IJ__—' N . B .

H & E AW B S (PbCL A 501 C . T o os1 e

ZnCl, A 283 °C) & H Ath 1 & 16 & W 1%
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Fz6 FUWMSFRTPhbAZn ATREMNBEERS
Table 6 Possible forms of Pb and Zn in oxidizing atmosphere

JLER . st
RS J ] RIS
U
- Pb(g). PbO. PbO(g). Ca,PbO,. Pb,0,. Pb,O,. Pb,ALSiO,,. PbCl,. PbCl(g). PbCl(g). PbCO,. PbSO,. PbS.
PbS(g). PbSiO;. PbO,
7n Zn(g). ZnO. ZnSiO,. ZnAlL,O,. ZnFe,0,. ZnCO,. ZnCl,. Zn,SiO,. Zn(OH),. Ca,ZnSi,0,. ZnS. ZnSO,
100 —=—PbCl, 100 —a—ZnCl,
—e—PbSO, —e—ZnAl0,
L ——PbCl,(g) —a—ZnSO
80 —»—PbO 80 !
—o-Pb(g) )
IS IS
= 60 F = 60
il L il L
= 40 bl 40
20 20 F
0r 0r
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
HHE/C HRHE/C
(a) PbiyF I 211l (b) ZnpyFJy 24 Vi

Es5 ACREHELEZIES Pb 1 Zn WHRNE T

Fig. 5 Thermodynamic equilibrium of Pb and Zn during co-processing of fly ash by cement kiln
PbO Jy 886 °C, ZnO y 1975 C) , K", i 1000 C i, PbO. ZnO KEMIN, K
43 PbCO;. ZnSO, 7TH,0 il 2ZnCO,-3Zn(OH), W) i K £ T 73 il . KR ZE 2 R M E IR 2 1120 C,
FKe g R 290 1600 C, AR IR B DX E) T, B R TR L A N PBSIO; . ZnFe,0, AL 53 5
BUWIGN, FW Po. Zn FE/KVEES H 5K UG A KL B IR Si0,. Fe,0,. ALO, &5 % bW & A= [ W B
PR A A5 A TS S8 TR K e BB g LA, W R E R RO BN 3)~aX (5) . (HAREE
MY, TE750 C ZJ5, ZnALO, Jit &t 53 %5 bE & T B2 Fh o 0 B, HE DU H & A o i O e A o T RS
) ZnFe, 0, & 1600 C Bf, Zn(g). Pb(g). PbO(g) AN, KM PbSiO,. ZnFe,O, %4 it
FE RN R A

PbO+Si0,=PbSiO; 3
ZnO+Fe,0;=ZnFe,0, 4
ZnO+Al,0,=ZnAl,0, ©)

% S S ALY CaO BYAFTEXT Pb. Zn BY L5 AL 2552 W B0/ P, oK e 20kt b P 19 32 A7 7
JEAJZ PbO. PbSIO;, Zn [ FEAFTEILAE ZnO. ZnFe,0,. ZnAlLO,.
2.3 WHEE TC IR I NCR R FIHE S B 200

25 P 3t R B ) A S B 4% i 5 5

L7 iﬂ%]&ﬁ?ﬂﬂ#ﬁ\*ﬁ s 23% ﬁﬂ %‘:2 7~%‘:Z 9 Table 7 Pb and Zn mass concentrations in

s o thIEl b & RIK TR K IR 2k Ph 12 Y leachates from cement clinker mg-L™
JE W 0.03 mg L' Zn k021 mg-L7, ERy 25 (1 P WK
ARG P IR Ak i TR R P R Y ) (GB Pb 0.04 0.03 0.30

30760-2014) PO 3K B[R] Ak T AR K e 2Ok Zn 0.16 021 1.00
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31 28 d L1 B 5 s 1 A L AT # 8 KIRPKHE IR
Table 8 Comparison of performance Index of cement clinker

2% 0 PE B 8 s 2 Rk R SR K VB BB )

(GB/T 21372-2008) BP1 #3K FEARhR AW PR E  BREER
Wi 9 frn, KU 7R A H 45 T HE i F-Ca0/% 1.4 1.49 <15
FEpR B e K2 %S P[] b B A% T Gy 45 MgO/% 0.72 0.60 <5
HFIFRE ) (GB 30485-2013) " F1 (/K ¥ Tl K k% 0.22 0.27 <15
S5 HE PR E ) (GB 4915-2013) P ik W% 0.11 0.15 <0.75
PIpIa] Ak B RO B A H NH, AT HCT HE e B 34 SO4/% 0.60 0.62 <15
AEm, HE A 8 R €K B NH, JBR A (3Ca0-Si0+2Ca0'Si0,) /% 79.51 79.62 =66
ClEZE N A AR . DAL B €K A CaO/SiO, Tt I 2.94 2.90 =20
Hh O R O 0.06 ngTEQ-m ™, A L 25 B Bk A Bk
FH IR 0.05 ngTEQ-m™ W& A 18 finn, A58 T HE ik WA fa] /min 93.00 90.00 =45
PRUERRAE , BERA R b e e /K e 25 N A 3L 3 dBURHRIE/MPa 3150 3210 =26
53 it o 28 ddp R E/MPa 6060 6100 =525
Mk 10w, BHNSTEERHARGE
F9 ICRERSHR ML
Table 9 Parameters for flue gas emission from cement kiln
FETH ZEMRA EAE Rm AV R ST
JHA AR/ (Nm®h") 7.37x10°  7.81x10° — —
ML/ (mes™") 23.40 24.50 — —
it/ % 5.30 4.80 — —
FEA% 8.40 8.40 — —
HHSREE/ °C 93.00 91.00 — —
R/ (mg-m™) 2.40 1.60 20 GB 49158
THAALH (mgm™) 17.00 6.00 100 GB 4915
FAEAH/ (mgm®) 42.00 41.00 320 GB 49158
&/ (mg-m™) 0.97 2.08 8 GB 49155
FME/ (mgm™) 2.09 3.14 10 GB 30485""
FALE/ (mgm™) ND ND 1 GB 30485
REHACEY) (mg'm™) ND ND 0.05 GB 30485
BB Y. B E )/ (mgrm™) 221x107 9.00x10™ 1 GB 304851
BeoogL B BEL WL BN ERL B PURIALAY/ (mgm”) 0.12 0.04 0.5 GB 304851
Y/ (ng TEQ-m™) 0.05 0.06 0.1 GB 30485

T 10 SMPRANESLLE

Table 10 Proportion of sulfur-containing material

BELOEER, M RK P SIUE A BRI
4%%oﬁ%?ﬁ%$%swﬁﬁ&%ﬁﬁﬁ)
MRS, KH S LA CaSO, B

in cement kiln

RS AFR BOIESR/(th ") SFEDEU% STy AR/(th) A% /%

1PA4E. B/ SO, 67K T8 B B S AL
CUTINPN 2 P S S S T 0 e
KU, B Ak BRRT SO, HEBOK B s g AEER sses2 o 0 om
UM ECA BT, T Rk s sy IR 30 o 0me e

A 40.40 0.86 0.35 28.80

2 FEL.
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3 g

1) K GE P A ¥ F2 v, KK 1 0.15%Pb Fi1 0.015%2Zn #F A 45 & EL . 94.05% 14 Pb 1 93.17%

”ﬁim%f¢,mﬁ/uﬁﬁfﬁ

2) KR ZE U R A B K i AR T, #E A Y Pb FI Zn /3 20 78 A N TR BB 2R S5 N TR
1, 93.84% 1 Pb Fll 81.38% 1Y Zn it A KJe kL, 0.002 7% ) Pb itk A %5 FE MRS, 0.001 4% (1) Pb Fil
0.001 1% ) Zn #E A& K o 122 M B R0, K IR 2ok P B9 E B EE S )& PbO. PHSIO;,
Zn B EEAAFEIL SR ZnO,|, ZnFe,0,. ZnAlLO,.

3) K Y Bk Zn A1 Pb 2 H R BEAR T oK U 25 U 1) A AR R M1 B R FLYE ) (GB 30760-2014)
BRAE, £ IWPEREbril 2 (RERRER KB BVEL ) (GB/T 21372-2008) xR, &% R M HEHUTS YL 93 12
(oK I8 2 b I Ak B 1A B 4 35 e 22 AR UE ) (GB 30485-2013) Fil 7K I8 Tk K35 Ze Wy HE bR v )
(GB 4915-2013) FRAEZEK, UiBH Pb A Zn 7E/K e 28 R SC 8L T R AFAG AL, PREE XU AT #2537 .

4) HE I B e RO R LR ) R EE R SE B R, X A A IR B A W AR A A R B v A XU

1 KPR B G K Ve 25 Pr IR Ab B H R AT S B ROb TG AR RN B AR AL

2 % X M

(1] ERGHR. hEGHHELEM]. ThE SRS, 2021 RHALRLARD]. b5t AL fb TR, 2020
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Abstract  This work investigated the Pb and Zn migration and transformation of municipal solid waste
incineration(MSWI) fly ash during the combination of dechlorination by water washing with cement kiln
incineration. The samples from the combination of dechlorination by water washing with cement kiln
incineration was analyzed according to HJ 781-2016 and HJ 657-2013. Results showed that 0.15% Pb and
0.015% Zn entered crystalline salt and 94.05% Pb and 93.17% Zn remained in the washed fly ash without
changing their state after water washing. Combining water washing with cement kiln incineration, a small part of
Pb and Zn entered the kiln formed an internal circulation in the kiln and preheater system. 93.84% Pb and
81.38% Zn entered cement clinker. 0.002 7% Pb released in the flue gas, and 0.001 4% Pb and 0.001 1% Zn
remained into the kiln dust. Pb mainly existed in the forms of PbO and PbSiO;, and Zn mainly existed in the
forms of ZnO, ZnFe,O, and ZnAl,0O, according to thermodynamic equilibrium calculation. The flue gas
emission Index and the performance Index of cement clinker could fulfill the requirements of relevant technical
specifications and standards, indicating that Pb and Zn could be well fixed in clinker by cement kiln incineration
and the environmental risk could be well controlled. This work could provide some referential values for the
optimization design of co- processing of fly ash by cement kiln.

Keywords cement kiln; co-processing; municipal solid waste incineration fly ash; Pb; Zn; migration and

transformation
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