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FEE . XL RS be ] BEhe CIRHFT T SR AE  ZEXT RBGHEATIAEE (TG-DTG ) 43 A ZE il I, S S BFSR T ROBOK BT IS &

FEMMIEJW&%(S NaS. Na,SO, . Na,S0,)% m/m&ﬁ AP ESE(Cu, Zn, Pb, Cd) WIE R FME. SREW, RIKhE

&)@ Zn . Pb & HECE  Ni B BUE T Cd & 455 %) 29. 4 mg-kg™'. KKI/KPEST Pb. Cu. Zn WIS HEUR s T Cd Y
TR KK TG-DTG fHZRHE 579 ~732°C |, 949 ~ 1 200°CiX 2 4™ JRLEE VI Bl 2 H R4, $3 sl IR BE 43l o0 690°C ANl 154°C. 38
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Effects of Sulphur Compounds on the Volatile Characteristics of Heavy Metals in
Fly Ash from the MSW and Sewage Sludge Co-combustion Plant During the

Disposal Process with Higher Temperature

LIU Jing-yong, SUN Shui-yu

(School of Environmental Science and Engineering, Guangdong University of Technology, Guangzhou 510006, China)

Abstract: Fly ash sample was collected from a MSW co-combustion with sewage sludge plant and the volatilization of heavy metals Pb,
Cd, Cu and Zn was investigated before and after the water washing of fly ash, meanwhile, the influence of adding different sulphur
compounds( S,NaS,Na, S0, ,Na,SO, ) on the volatilization of heavy metals was studied. The results showed that the contents of Zn, Pb
and Mn were high, the Ni content was low and the Cd content reached 29. 4 mg-kg™'. The contents of Pb, Cu, Zn increased, while
that of Cd reduced in the fly ash after water washing. TG-DTG curves of fly ash showed highest weight loss in ranges of 579-732°C and
949-1200°C, with 690°C and 1 154°C as the inflection point temperatures. The volatilization of different heavy metals showed great
difference in the volatilization rate, following the order of Pb > Cd >Zn > Cu, in which the volatilization rate of Pb was more than 80%
and that of Cu was less than 30% . After water washing, the volatilization of different heavy metals showed great difference in the
volatilization rate, with the order of Zn > Pb > Cd > Cu, in which the volatilization rate of Zn was more than 20% . With the pre-
treatment of adding Na, SO, and Na,SO,, the evaporation rates of heavy metals (Cu, Pb, Zn, Cd) were significantly decreased. After
adding S, the evaporation rate of Zn was reduced, whereas the addition of Na,S reduced the evaporation rates of Cd and Zn. The
evaporation rates of the four heavy metals were all reduced after adding Na,S in the washed fly ash. The evaporation rates of Cu and Zn
were reduced with addition of S and Na,SO; and the evaporation rate of Cd was reduced by adding the four sulfides. The results can
provide a basis for the harmless disposal and maximized resource utilization and recycling of fly ash.

Key words:fly ash; incineration; heavy metal; volatilization; sulphur compounds
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Fig. 1 Experimental apparatus of quartz tube simulation combustion reactor
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¢, X m,
K EVP HEEENERE, % 5 ¢, B CIKTHE
BB S, mgokg™'; m, N CIKEE,g; ¢, N KK
SR ERE T ESEN &R, mgkg';
m, N KR Z i E IR R AR A TR g
1.4 LNk

TR 45 TR [ A LS R 25 0k M L AF
J&, i 1 150 H 4 #£ 0. 2 B8 USEPA3050 % H
HNO,-HF-HCIO, J5 ¥ %4 5 fE A7 78 220, FR 2y
0.500 0 g FE&h, BT R VUH S Baph b, e i iR
10 mL, REFEN R A5 1R ), B 2 AR F $Au i -,
AR 1 b BOR A IMA SR 5 mL, IndAs i
1 h. BUF,BH. MABRERS mL, L ZIET, %
JE PRI SR 2 mL, FRRHE R 23+, iR K E
AN 25 mL 1% HNO, , B b sk, % 25
HEIL Y 50 mL 2R, 82, TR TR IO B
4 Mt AL ( atomic
WFX210) MEHE 4 )& Cu, Pb, Zn, Cd FizE.

FE SR SEAZ BB H H AR S 32 Rigaku-
100e %I ( HASHAN F] ) X SR EE L (XRF) 2K
FH— bt i, e R F~U. T
VESAE N AR X BT X OEHL A TAEHLE 40 KV,

adsorption  spectrometer, AAS,

TAEHLIE 40 mA, B2 i KLY, @30 mm HLET
AR D30 mm A K R R A AT XA PHA
70 ~350. A il R 25 R 23 2 R FH
Bi-BEIG /3 HT (SEM-EDS ) (245 LA : S-3400N-11, H A
/e AW = VAP 5 % N/ DI 8 € SR
#.4.0 nm at 30 kV( IR ; ZkEFB5
BE%.3.0 nm/30 kV (R B %), 10 nm/3 kV (R B
25) 5 MU HL 0.3 ~30 kV; BUKAFEG x (5 ~
300000) ; PR EEE: =50 um ( TAEHE A 10
mm ) 5 HRFEA T BAR 200 mm.

2 HR5iTH

2.1 CRMPRESESE S R

ARSI RK B K AR, TS B AR TR
FKEN0.97% ~2.54% . K X FHELDEEE
ACCXRE) FNH — A3 6 6O 3 Ak 2% i 43 1 470
FELEERWE 1 NHRATIEH, €K FEEH Si| Ca,
Fe, Al, CI, S, K, Na S5 U £ M A, 29 /i B & 19
87% . CIKTEHEZLM Ca, W REH T 16 #8555
PR R SR  BEA T —E B4R, KK
Cl &R, X 5758 LB WA A %, Cl &
BESFHECKTESBENE S, KD EeD
(Lhso, 1) & EN 8. 7%.

R1 RECRHEEZELERS

Table 1~ Chemical composition of fly ash
Ak Al 04 Ca0 Fe, 0, K,0 MgO MnO Na, O P, 05 Si0, TiO, Cl SO,
B/ % 8. 81 13,13 12.39  4.97 1.94 .12 3.75 .59 23.48  0.62  11.25 8.74
JLHR A Co Rb Sr Y Zr Nb Ba
i/ mg-kg ™! 84.5 63 38.3 1361 21 209.7 15.5 1 447
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M2 ATLAE H, CH Ph AT Zn A T
Ni A& IR, X F 2l TG e S be it fE Zn Fi Ph
PIMIRIE 551 ZnCl, . PbCL, JE 3k AR H W B 7E 6
IR FESFSE R AR T (AN 4RI/ 8 ) rh il B
ORI Z T N B SR A2 300°C A2 A 7E
Beped R b EEIEASE BRI Y L AN B
S8 T T AR TG B AR B i 7 A R A HE R RO IS
IR, ZREAITT AR 1 4 3 A e i R v R B A T
MEFE R IR AR KR HE K P ik 2, i ¥k
TCENILE IR 2

®2 XERPELEBMEE/mg-kg !

Table 2 Heavy metal contents in fly ash/mg-kg ™!

Cu Pb Cd

HA

it

Cr Ni Mn Zn

857 1359 29.4 612 187 1524 3288

2.2 KRR E T
ROBRAE g il A R AR AR R AR
0 K ) J5 1) e U A R e T AR AR 23 A7 (TG )

HEAT B AS RS A B T HL R €O AE TR AR R
BRI RN R L, P 2 A R B 3R A3 B, M
AL Y, RIKAE 100 ~ 1 200°C 15 Bl P 5 & — B 7E
Wide, Hi 78 68 ~ 142°C | 246 ~ 288C ., 292 ~
351°C | 356 ~445%C . 579 ~732°C . 949 ~1200%C i
BN LB 2. Hoh 2 AR EIE(DTG) He R i ik
JEE N 579 ~732°C 949 ~ 1 200°C , 55 55 i 43
A 690°C | 1 154°C , 73X 2 A B2 3 il ot 2k
RPN 1.82% | 7.28% . I KK K TG 2%
b, G545 BTN B RIF 5 48 3820202 AT A A e R
100°C B 2k 2 RO AR A K o B 45 K I 25 &
517 ,550°C B3 Ry BORLAS B B A AR N ) CO, 1)
Br i, 700°C Bt 3 14 28 5 K R & A B CaCoy
Ca(OH) , 43 fif T 5 | RS 1) 2R T, 38 A5 30 431K A 1)
4 E L HE Y% K ,949 ~ 1 200°C 7 JF X 8] 3=
FFEKE CaCO, . CaSO, . FHEL LI K4y E ALY K
AT G0, R AR AL B P RV R B
L4 8 B R R T Uy 2 ik B

105 -

100

95 -

TG/%

90 -

85

R -1.82% 12 05
4 0-
/ R -1.28% +
,AV - g // 5 0
= 000 00N ©® SIPCOCEDO O M0 ¢ BN 0N O sose —
= - -05 g
3 g
- -0 8
Hffi: 688.0°C, —0.81% -min™' A 8
T -1s A
R -7.00% " % oH
-1-2.0
Bl 1156.0°C, —2.55% -min™"
! ! ! ! ! o 25

200 400 600

B2

800 1000

W\ g C

XK H TG-DTG B4

Fig. 2 Typical TG-DTG curves of fly ash

2.3 WKHPEGJE AL
X 2 53 3 Al LA, KSEK T Ph, Cu,
Zn WY R LR s T Cd 192 1 BTG, PR TE
KBRS R 2 AT TR Cd W22, % K e Y o
PRNEOL, TR Pb, Cu, Cd 1 Zn A3 ¥ 53V fifk iE
NIRRT KBRS OB H 4 S 1Y 35 1 AN [
IR IR T RO F ) 4 K Vi R TP R AR R 7S
AR AR A e i 2 FAS A RSt RAE . kvt
RO 4 S R A R A T X 2 RIS R
LR, Cd BB AR T WAV, 1M Cu, Zn
RI AEXRPESEHEE/mg-kg™!
Table 3 Heavy metals contents in fly ash with the pre-treatment
of water washing/mg-kg ™'
Cu Pb
866 1482

HE)R
§53

Cd
27.9

Zn
3935

e

F1 Ph DA .

TRORAETRE 1.000°C S AT 452 B Bif ] 60 min 4%
FRE4E Cu, Pb, Zn, Cd WHFERBA BRI 2
S 3) ,Hd P I 5 5 & R Rk R aT
80% , HUZ Cd, i Cu ¥R AR/, R % <20% ,
LEARE, KT &R A R R /MR R . Pb
>Cd >7Zn > Cu. XS4 )8 Pb FI Cd BAE T
SR, P R TP AR ME S TR TP I M R A
TRIEAb 2 RN B RS S 1AL 0, T A A4k B 5k
TP 2 A8 A HCE AT S ek ds i

Vassilev %{301 WYE H 4 B L5 MR 4 s
H¥YERE cENMERESR NS HEL,Cu BT
SEARA R A SRt Cu 1Y 1 4% R MR TR
i, MR AR, PbO %5 15 886°C , il 1.1 472°C
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XS 7R 1T 2 $5 4, 950°C I8 & L 8. 3 ;. PbCL, % 4
498°C , W5 954°C . i KK Ph AT AELL PHO Al
PhCLJEZAFFE , TR 900 ~ 1 000°C 4% & 4 51 H.
. ARSZIGIHIE T Ph 7E =R T SRS & R
KIKH Cd ATRELL €dO 1 CdCL B R AFEAE, i CdO
J45 25, 568°C Wb s AN N 964°C .

R SE AT LIS 7R SR PE ST L 7E 900
~1 100°C iR FEEE, “KP Y E 4 )8 Pb, Cd A 1R
O R 1T Cu A Zn MAXTHE/N. ATREFR T H 4
J& Pb, Cd FELSEMWIE AT Rk, 14
J& FEAC I B B S A WAL, 5 T A, i
KR RFR ST Zn VALY (Z00) BT ]
TR Y RIRGIMBET  Zn0 23 5 KR Y 32 4
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Fig. 3 Volatilization characteristic of heavy metals in fly ash

2.4 WIERALYIX IR PERT IS B 4 R4 K 1 )

TROKAETRE 1.000°C S A [ 455 B8 Bsf [B] 60 min 4%
T, Zn B35 R 5w (5T 20% ) 1 Cu #E & 1
/N KU T 4 TR I 4R R RN R < Zn
>Pb > Cd > Cu. 7EZIEFE]SA 60 min, AR A
100°C 25T, ®IK/KPERTJG Pb, Cd, Cu, Zn FJ#%E
RSB T 66.04% . 33.68% . 10.71% .
7.19% , Al VLK YEXT Ph Al Cd 4% % AR 4 1 41 il

TROR B CORKAS A [ BR AL B 75 [R)RE 1
KT, BB RAHE ML 5%S A
J&, 5 Cu, Cd, Pb ¥R RGN, W Zn ¥k 1%
fi%; WA 5% Na,S J&, F3 Cu, Pb 5K L, 1
Cd., Zn ¥ K F T ; 5% Na,S0, M Na,SO, NAJG 4
PR 4 JE 5 2 R R I T BRI a3, BIERE 4
Pl AL A P AFRRESE Zn A4 & R [ i Hefth
& IR Z AL G YA —.

KU KB IR R A Y5 , 4R N &
RAZ BRI B 5 RLG CRZE R K.
5%S IMAJG, F3 Cu K Cd 44 % REEAK, i Pb 1
Zn FE RGN, A 5% Na,S J5, 35804 FE SR
P2 % RAR R %, 5% Na,SO, BN S35 Cu 1 Ph
KFE LT, W Cd M Zn ¥ £ FFFE; 5% Na,SO, Jil
NJG Cd MR 2T R HoAth 3 e 4 J8 WA EHr
B BAORE S P &P in AERRESE Cd 1
R ZT R, J1 H Na,S B ARERIAS ff 4 & 48
ERFTRE.

2.5 RKERS R P B AL RRIE R SEM-EDS 43 #r

ME 4(a) ~4(b) AT LLEH, R RIKZ K YE
Je RO /INSURE ek 2D | BRR AR /D | UKL 3R 1T
T, UL (%) 0 JB6 T T, — 6 5 A 1 40 I T R B
Br. K PERTE M RERE /AT 2 K PR AT €K 3222
JEENO0(41.77% ) . Ca(13.05% ) . Fe(12.23% ) .
C(8.7%) . Si(8.11% ) , /KUt LK FEEITR
J20(41.23%) . C(23.26% ). Ca(9.93%) . Fe
(8.45% ) . Si(6.66% ) ,7K¥E €A TR bh €K
Hi Fe, Al, Ca, Mg, Si, S 0 EMEEM & T, 1M
Cl, K, Na S570% & i o F WAL, X Wit B Tkt
FEH i T RS K S (10 NaCl, CaCl, |
KCl 55) , S350 Ah A 0k v 4 1 5 54 . 9K 3%
SECORR g R, K P X K €L, Na, K Fl Ca
LR B —E M EBRACR  JUHGE Cl TR LR
FEWRE A 10 Lokg ™' B 0] 35 5] 60% , KC1 Al NaCl
JEK e R K, Na F1 C1 JCR ) FELBIES A
9T 5 a5 LM .

KIRZ T K BET AL B Ph FI Cd 945 & P AR
2 KN Cu, T Zn BP0, R 1 Al HTEK
T CL A, X8 Cl EEAAEE S A NaCl,
KCI, CaCl,, CaCIOH DA F 2 {# % 18 £ ( Friedel
salt) 7 AT R S AR S be gt i R T AR
P B — B EJR [ 0 NaCl Fl KCI 747K
H R EE 430 5 mol - L™ 1 4 mol - L™, 7E IR
TRl BRI R LT RS ] A K R R b, AT
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-3400N 15.0kV 10.2mm x3.00k SE 1 10.0um

(¢) KHK/5% S (3 000X)

S-3400N 15.0kV 10.2mm x5.00k SE _12/31/2009 09:47

(d) &HK/5% S (5 000X)
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() &IK/5% Na,S(3 000X ) () KIK/5% NasS (5 000X)

i
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(2) &HK/5% Na,SO;3 (3 000X) (h) &HK/5% Na,SOs (5 000X)

S-3400N 15.0kV 9.9mm x3.00k SE 12/31/2009 10:07 10.0um S-3400N 15.0kV 9.9mm x5.00k SE 12/3 2‘0"

(i) &2K/5%Nay SO4 (3 000X) (2) &K/5% NaySO4 (5 000X)

B4 KERMBECREFMBELOALERS SEM Eif
Fig. 4 SEM photographs of fly ash before and after water washing and adding sulphur compounds
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PG, 0k S PRAR A S AT R, DI T a8 A B
&Y S R R AR T kAR . N RETE 2
Mras i (e 4) kR F , BN & PR IR Z Ik 4x
P S Ay 2E I e, HerP i S| Na,S J5 32 #uih
PG A€ K S & 5K T Na,SO, . Na,SO, A5
B R, TN Na, SO, . Na,SO, B KIKHT 4 Fh i 43 & 1)
P2 2R AIAT BT AT, 1T LA 3 17 4 D 5 SR A0S =
FREXMEES S LAY & Rk S
Y1, 3% Be W) 5 A R e AT TR S 30T AR R R AN ]
FANATLAE IS Cl & R LR WK Gl &
RN, I En S KK Cl F RN, R E
SIBATHES CL 4B MR,

®4 KRMBLYEAERBTESE %

Table 4  Contents of different elements in fly ash with addition

of sulphur compounds after high temperature treatment/%

JLR s fin Na, S Jii Na,SO; /il Na, SO,
0 47.07 50. 07 53.91 53.92
Na 1.83 4.28 8.22 8. 11
Mg 1.56 1.47 0.91 0. 99
Al 5.21 4.84 3. 81 3.57
Si 8. 69 8. 65 6. 89 6.36
0.93 0.91 0.74 0. 68
S 3.44 5 7.35 7.6
Cl 0.18 0.23 0.28 0.22
K 1.31 1.47 0.75 0.82
Ca 14.05 12.39 9.13 9.82
Ti 0.71 0.51 0. 41 0.51
Cr 0.14 nd 0.11 0.11
Mn 0.09 0.05 nd nd
Fe 13.78 9.32 6.57 6. 85
Ni 0.01 0.08 nd nd
Zn 0.43 nd 0.29 0.32
Pb 0.59 0. 62 0.28 0.09
Cu nd nd 0.36 nd
Cd nd 0.1 nd 0.02
JESs 100 100 100 100

BRURS B <5 JA 99 A L B2, SR [ 44 ~ 46 ]
HFHERA AL T B35 S 5 e e i 8 v o 4 s ) 3%
JHEPE 45 H R X R A A ARG, I
H S A RN O, B i 45 % 52 31
BB, BRI SR , G R A A BT A
THOUT , HAR R AR BRAR. R, O fol o Ja 2 e 3 e
{93 W/l Su S8 U P R/ ST S VA LY/
JeEAT RIS, SRR AT it bR 4 Ab (A it
At H R BRI A R 5 M A

3 it

(1) ®KJKFEH Si, Ca, Fe, Al, Cl, S, K, Na

SETLEM R, 2005 M 87% ; KK EAJR Zn,
Pb. Mn &3, Ni & i BAR, misgtE i Ky Cd
iKF]29. 4 mg-kg ™', KYEKH Pb, Cu, Zn & HYY
FE RO A s 1 Cd Y7 BRI

(2) KK DTG #h £k 7E 579 ~ 732°C . 949 ~
1 200°C 3 2 ™k B3 [l 2k T 3R A K, % o7 1Y) 2% B R
AR 1.82% | 7.28% , 5 4R E 43 il A 690C |
1 154°C , 43 9 5 %% CaCO, ., Ca( OH), f 43 . A%
Wb E S R R AL & R CaSO, | fRER . R
4 TR R IR AR 43 A AT

(3) Fbe CIKH R TR B 4 8 B 75 R R A Bk
(200, For Ph R 5 ¥k i R, LA R R
it 80% , 1Ml Cu #ERMER /N, i B H <30% , 476
KF, QKT E 4 JE W4 R KM R Pb > Cd
>7n>Cu. CHOKUESG, 548 I K RAE B E W
REAIR, KPR CK T Zn W95 & St s, BT 20% , i
Cu ¥R fe/ N K P R EE 4 1R 4 2 M R/ IMIR
XK +Zn >Pb > Cd > Cu.

(4) CK AL B 5 AR PSS A Na, SO, K
Na,SO, J& ,F4 )& (Cu, Pb, Zn, Cd) #% & R FFK W
8,71 S A HBERAK Zn B94E K%, Na,S I AJG
Cd, Zn ¥EEF TR KU CIKBM S J5,FEKT Cu
F Cd BYHE KR Na, SO, HIMAFEAL T Cd fl Zn #%
K2R Na,S0, IAJG Cd WL R I, KBk ©IK
RN Na,S Ji o] FAIG 4 Fh i 48 035 & K.
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