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Chlorination Transformation and Volatilization of Heavy Metals in Fly Ash from

the Incineration 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: The volatilization of heavy metals Pb, Cd, Cu and Zn were studied at 900°C and 1 000°C with different residence time,
meanwhile the influence of chlorination agents CaCl, , MgCl, , NaCl, FeCl, and AICl; on heavy metals volatilization was studied. The
results showed that the volatilization of heavy metals had great differences with the volatilization rate followed the order Pb > Cd >Zn >
Cu, in which the volatilization rate of Pb was more than 80% and that of Cu was less than 30% . In the thermal disposal process, the
volatilization rate influenced by temperature was greater than that by the residence time, and the volatile elements Pb and Cd were
particularly evident in the volatilization. After adding chlorides in fly ash, the volatilization of heavy metals changed significantly, and
the volatilization rate of the low volatile elements Cu and Zn increased significantly compared with Pb and Cd. With the content of
chloride increasing, the volatilization rate of heavy metals increased, but different types of chloride compounds on heavy metal
transformation were quite different, in which the promotion effect of NaCl on heavy metals Cd, Zn and Cu was less than that of other
chlorinating agents. The results can provide strategies for the harmless disposal and maximize resource utilization and recycling of fly
ash.

Key words:fly ash; sewage sludge incineration; heavy metal; volatilization; chlorides
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TCORFE AR A WL H N B IE AT B R B ke
VHle AT (RIS TR R 2 50% ) |, HALHEARA
H3H x500 t-d ' CRARETIE S AR ANESR
FAL T2 RIKCR A AR ER A a8, RORME M &R S
TALEE S | AF S R AH R R SF > 150 pum, 2R )5 7F
105°C T4 24 h, ik EH 28004 .

BRI A AR (R RS AR T
AR) 4354 NaCl, FeCl, -6H,0, MgCl, -6H,0, AICI,
CaCl,. W& (PriEmYa ) 5 KRR &
He43 5 2 17100, 57100, 10/100, 15/100. F4 FE
Fb R &) Je AL S50 .
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Fig. 1 Eexperimental apparatus of quartz tube

simulation combustion reactor
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c, Xmy —c, Xm

EVP = 2 x 100% (1)

¢, X m,

K EVP HESENHERR, % 5 o, B KT HE
JBE SR, mgekg ™'y m, N KIKEE,g; ¢, N RIK
Zoad e AL RS AR T AR 1 i, megekg
m, N KRG IR R AR TR g
1.3 SEERsHT ik

TR B 45 P AS [ A B A% 20 0 R R A O
J&, 150 H 4» B . 2 B8 USEPA3050 % F
HNO,-HF-HCIO, J7ik %t #E filb 47 I 2. R4y
0.500 0 g £, B T 5 DU S Z M Babh b, in ik i iR
10 mL, FEEEN N 45 1k e, B 28 AR F B Al I,
PR 1 b BOF A0 IMAESR 5 mL, A i
1 h, BUF %8, INARSER S mL, k25T, 4
JE PRI AR 2 mL, FRRAER i T, 5% KA,
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B 25 mL 1% HNO, , Z bR WR i % 25
HERE Y 50 mL A RO 2 R E IO G
8 BF AL ( atomic adsorption spectrometer, AAS,
WFX210) M E #E 4 )& Cu, Pb, Zn, Cd &t

FE SR SEAZ BB H H AR S 32 Rigaku-
100e %I ( HASHA\N F]) X SR EE L (XRF) 2K
Rk i , ST RIEH . F~U. {438 T
VESAE N AEAEE X BT X OEHL A TAEHLE 40 KV,
TAEHI 40 mA, HASGEE RLE B A, @30 mm PLEF
JEREFN 30 mm IRAF T Bk BE A3 AT A PHA
H 70 ~350. FF i R SRS 2H BER FHE
BE-BEIS 0T (SEM-EDS ) ( 745845 . S-3400N-11, H A<
Rl HAZ @B BOR AT . 1 BUR 55 B
.40 nm(30 kV, AR ; IRBE TR0
.30 nm/30 kV(FEES) | 10 nm/3 kV(EEE);

MEHLIE 0.3 ~30 kV; BORATEL: x (5 ~300000) ;
EUGFSSHYE . 50 wm( TAEFEE A 10 mm B}) 5 &%
KRN ST B2 200 mm.

2 HR5ITR

2.1 CRMPbRESESE SR

ARSI KRG KA AR, BET 5 B AR
EIKFEN0.97% ~2.54% . K X FHL7OE 6%
AC(XRF) FH — A 32 36 6K 3 B4k % Al 40 470
FELEERILER 1 NPT IR, KK EZLH S| Ca,
Fe, Al, Cl, S, K. Na %FJCE M, 25 B &1
87% . KK EHBZLH Ca, W REH T7E #8555
FEAE R SR BEA T —E B A K. KK
Cl & , X 515 B W i/ 2%, Cl &t
B o RO E SRR .

R1 RECKHEZLFERS

Table 1  Chemical composition of fly ash

EAbYy Al 0, Ca0 Fe,0, K,0 MgO MnO Na, O P, 05 Si0, Tio, cl S0,
i/ % 8. 81 13.13  12.39 4.97 1.94 0.12 3.75 1.59 23.48 0.62 11.25 8.74
JLE Y Co Rb Sr Y 7r Nb Ba
i /mg-kg ! 84.5 63 38.3 1361 21 209.7 15.5 1 447

M2 ATLIE Y, RKH P Al Zn 5 S AR
L N B R AR, X L TS e s pead R
Zn 1 Pb LUMIHA S 89 ZnCl, . PbCL, T HE A%
BREFE COK P R SR SR PR AR A (AN 48 B2 4% ) P
B AE T R A RIKZ i Ni B LRIk
2300°C 72 47, 76 B e ok b 32 B E A B BRI
A A R S T ST A T B3 AR e e
AR B HE IR ORISR, 2R BRI T 2B 1 R AR A
b AR e SRR B Y L MEAE R ) T R AR RS KR
HER b o A3 2 | 1 oy 45 2 (R J0 3 TR KO vh o3 A

K2 KEHELEMNEE /mg-kg !
Table 2 Heavy metal contents in fly ash/mg-kg~

Cu Pb Cd Cr Ni Mn 7Zn

1

857 1359 29.4 612 187 1524 3288

2.2 QKRS JE B E R R R

FeAL T CORTEAS [ (900, 1 .000°C ) S AN [F]
S BAIHE] (60 . 90, 120, 180, 240 . 300 min) 54 F
H4JE Cu, Pb, Zn, Cd MHEEIGHL(EI2). ME 2
A LA AR 4 s 7R IR i 45 1 o R 2
R 2E 5], Horb Ph R 5 ¥ K Fe i, 5 & Rl
i 80% 11 Cu ¥ K MEAR/IN, ¥ £ % <30% , 275k

E, CRKPESE N K ER/IMEIR R Ph > Cd >
Zn > Cu. K3 542 )8 Pb F Cd BoA B ZETRUE,
P BT R ARME S R A Pk & AR TR L2
N AR 2 WAL A 0, r DL AE A4k Bt A v i &)
AR RRAS  UE AT B & R e

3NN 2 AT LU ] —F 4 s To i 2 A
900°C iR JEFEL 000°C 4514 T, HiA & R i 25 R
KBTI 1 ~5 h i B & R i & R IR F-3H
FE K T 4 I HE R A2 I B) S R L E /DN 3%
T TR 4R Pb fl Cd £HIE A . Jakob
245 B WA SEE D 100°C 28 S5 F, Cd Fl P
4% R SRR, 5 Cd F P AR SR .

TE900°C 45144 T, X T ¥k P iy & 4 J® Pb >k
HE,7ERTAR Y 60 min HA%E L RNy 80. 40% , K R
1o, Wit T[] ) 24 m s A 388 hm ke 3 (RO B I 7
300 min H ¥ & RN 89.62% , ¥ K KN T
9.58% ; #£1 000°C 5514 T, Pb ZERILA R 60 min HA%
KA 82. 87 % , Wit A I [R] (1) 348 ir s A7 384 i) s 3,
{HANBA R, 7E 300 min HAE KK 90. 08% . Bl 4k
& 55T 900°C B, ZE I #R A HT 60 min N, Pb A4 K
ROLBARE, CKPESR Pb & RIS
(14 52 A A T A2 30 B B R [ P 5 e A5 /)N
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Fig. 2 Volatilization characteristics of heavy metals in fly ash

M2 ATV, € KPP E4SJE Cd 5 Pb
B E W AL K. 78 INBIEE A 900°C I}
KK E 48 Cd 7ERT 60 min Py HAE & Z ik F|
48.15% , L )5 Fifi 45 B[] ) ZE 4, 7F 300 min HiA%E &
A 56.05% , 161 000°C & F N HaHAAK. U
HIFE 900 ~ 1 000°C Z [8], Cd 15 K Hh 26 A8 15 - 4H |
FEMLRIRRAS T, CIRTP Y Cd MR PUE & ok iR
TSR] (R 3G JINAT Cd 22 P 1 52 il A5 A5 055

KK Cu, Zn MR FFES Pb, Cd A ITFIX
A BIASRAR K. 7E 900°C 54T, Cu ML R
SRTRAG , (H 2 7E 60 ~300 min B[] P H 3% & F 4
TNEL L HA 3 Fh 4 @ P, T Zn 45 & RAERT 120 min
PIBE ISR 76 120 ~ 300 min 3% K 8018, £ EF
H; 7E1 000°C 5, Cu ZETHT 90 min # & FEH, fi
Zn TEREAS B[] 30 ] P 48 % AR A A/ AR SR oF
Cu A 3 FieE 4 JmMEFE R, Cu MR 2R3 Ph Al
Cd %, 5HAFER A XK. KT Cu ATREAE
CuCl, A EZIE, i HELL CuO B CuS 776, K K
CuCl, ¥ 55k 993°C 2", H & 2 nJ %0 B 7E 900 ~
1 000°C Z ] Cu #5 %& Z 3 M LB 2218, 7T LIA R Cu
FEEY LIS A A7 7.

Vassilev 457 ARYE T 4 @ 4 & Mo 0 64 48
YRR, CERE B AERIR TS EL,Cu BT
4R AR SZE D Cu B9 B K R I AN
i, MR K. PbO ¥ 55 886°C , il 4.1 472°C
M T 2 ¥ %, 950°C B #5 & € 2. 35 PbCL 1 1
498°C , i s 954°C ¥ . i KK b Ph AT RELL PHO FNI
PhCLIEAEAE , I 900 ~ 1 000°C 4% & 4 i 21 H.
U, ARSZIGWAIE T Ph 76 SR T AR ZUE & R
KIKH Cd ATRELL €dO 1 CdCL B R AFEAE, i CdO

J7 5 568°C i i Ry 964°C .

IR SER AT LA 78 A E ST, 78 900
~1 100°C iR, ©K T ESL)E P, Cd AR
R R T Cu A1 Zn FRXTHS /N, ATREFR T H 4
J& Pb, Cd FZLIEM I A4 TR 4
JRE I SR IS G YR, 5 T L, T
KK RE Sy Zn LIEALY) (ZnO) INTE RAFAE T 6
JRH Y RIRIMIET  Zn0 23 5 KR i i B4
Si0, F1 A1,0, KZAANR K0

ZnO + Si0, — Zn,SiO, (2)
Zn0 + A1,0, — ZnAl, 0, (3)

A3 A SRR E B I RE R (Zn,Si0, ) FISR AT
(ZnAL0,) , NI T %K Zn B#E %, Cu AT fig
SHASMEUSERETA G, X —LImas R — i
B FUESE T SCHR[25,30,31 ] IBFSE4E
2.3 QR ESE SR R S AR

M 3 AT LAE B RE KT Y E 4
JRYE R A PRI, Bk, SEAFINT Cu 1952
K, HWOE Zn, BRI 02 Cd, 52 fi /MBS Ph. X
T P RVE, AL R HAE & 00 82. 7% , 24
A 1% I¥) FeCl, ., AICl, . MgCl,, CaCl, . NaCl J5,Pb
(4% & FR A IS N3] 94. 40% . 95. 69% | 94.52% |
95.28% . 91.58% , JAALFNG N LAk £ 10% B,
Pb 1 4% % 5 5l & 96.76% . 97.64% . 96.98% .
97.14% . 96. 69% , i] WLAALFI AN ART Ph /)45 A&
FARHEVER O H A AR 3 2 | R R
KAH 5 FGEALFIXT Ph # R FRCR ZRIA K. BT
Ph FEJR UG €K 57 #e B b L R R R R (i i
80% ), Al LS I G AL R J5 X5 Ph #5 & B 4%
e
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Fig. 3 Effect of chlorination agents on volatilization rate of heavy metals in fly ash
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Table 3 Gibbs free energy change of reaction between

heavy metal oxide and calcium chloride

AL SN AG/kJ-mol ™
PbO + Cl, —PbCl, +1/20, 1 ~160
Zn0 + Cl, —7nCl, +1/20, 1 -88
6Cu0 +3Cl,—2Cu;Cl; +30, 1 -112
CdO + Cl, —CdCl, +1/20, 1 - 180
Mn, 0, + Cl,— 2MnCl, +3/20, 1 -48
Fe, 0, +2 Cl,— 2FeCl, +3/20, 1 -38
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Fig. 4 SEM photographs of fly ash with the treatment of different temperatures
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Fig. 5 EDS photographs of fly ash with the treatment of different temperatures
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Fig. 6 SEM photographs of fly ash with adding the chlorination agents
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Fig. 7 EDS photographs of fly ash with adding the chlorination agents
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