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Table 1 Chemical components of the CFA sample

Si0, ALO, Fe,0, (a0 MgO K,0 TiO,

Na,0 SO,  As* Cd* Cr*  Hg*  Pb*

51.17 31.12 6.17 4.81 1.76 1.38 1.29

1.11 0.31 41.2 2.8 76.9 3.0 112.0

*ELRT A g/t
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Fig.2 Effect of roasting temperature on the removal
rate of Pb and Cd
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Fig.14 Arrhenius plot for chlorination of Pb and Cd
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Fig.15 XRD patterns of soil conditioners obtained under
different conditions

#+2 CaCl, WHIFIFBEFIBLEE. BHEBHEIT
Table 2 Effect of CaCl, on the content of the effective silicon
content and the effective calcium in soil conditioner

CaCl, A/ % A2 %% AR 1%
0 18.78 28.07
4 19.02 29.25
8 19.26 29.49
12 19.34 30.86
16 19.42 31.48
20 18.99 31.80

*x3 HEEEFNEERS/ %
Table 3 Main components of the soil conditioners
Sio, ALO, Fe,0; Ca0 MgO K,0

29.77 9.98 2.03 33.65 7.78 4.52

A TR 36 ) P - 3 R B R A A A
s Y R s e L SR SR, 4
WK 4, 50K, BEFE CaCl, INIMEMIE N, H
Pl e & B o AW R, b Pb R Cd I LR
3 IS E] 69.13%~76.09% 15 35.29%~64.71%. H:
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T B AR [ 5XhRME (GB/T 23349-2009)
BRAEL,  ANgoxt | B <5 e 7 77 1) i

Fz4 CaCl, HHFFEFPESREEENEM
Table 4 Effect of the CaCl, on the content of heavy metals in

soil conditioners
Pb/ Cd/ As/ Hg/ Cr/

CaCL ARG ohy @) (@) (@) (@)
41.20 0.85 13.05 091 23.03

4 12.72 0.55 10.65 090 19.15

8 1145 048 9.16 0.89 18.87

12 11.06 041 9.02 0.88 18.56

16 985 0.30 &8.58 0.87 18.25

20 10.17 0.32 8.82 0.86 18.22

K (GB/T 23349-2009) 200 10 50 5 500
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Fig.16 Effect of soil conditioners on soil pH value and
mineral elements

2.4.2 B FICERIEN
HE 16 nLLEH, T3Ed Ca. Mg, Si %5
R IR 3 HAT R0 B B A 33 0 B SR A0 = 3 n

M. BaEx i, i 1~3 g/kg + 3 2
7, REMSAE ATt Ca B0 41.41%~150.96%,
T AT etk Mg B9 0 45.99%~207.19%, 4 % Si
BINT 6.19~16.54 £5. L, % HEEEFRIAN

REWS O IR L8, I RENS A 36 75 O 397
AFENRNTE

2,43 PPN R A AL )5 i)

W BRI A RKAG LR WK 6, K 6
AT, HAWMRE S R SRR S A
i BEEAIRNE Sl IS DI INTE: i NS 7 N S S KAk 7]
H 5.94%~16.87%, 7=aIElE A 27.56%~61.54%,
XS W it FH 1% 1 e B AT DLk BIE RE R A K
RIRR o

x5 HREEFNEERSNSENRE
Table 5 Effect of soil conditioners on plant height and yield

of chives
M i B /em Fei /g T3 %
CK 25.08 98.76
Tl 26.57 125.98 27.56
T2 28.15 144.34 46.15
T3 29.31 159.54 61.54
3%

(1) WS T B RN CaCl, 8 4 1 s ey
PR FE, JF M5 P Ml Cd A7 7645 W] &0 1) 25 k&
BR . g RRY], IREWD Pb Il Cd & &4 %
IKT 89.26% H176.88%, &SR 10.22 mg/kg
1 0.54 mg/kg. MKERESS =4 1f XRD [ DL K #4
D355y Mrrbon] DAHE BT, 7E AR RS T AR
CaCl, 21 5k K i A s RISk SN, Ak
HCI [A] 4 AL R K ) Pby Cd, AT 202
PrE 4 E .

(2) 7£782°C KL, KLY CaCl, G
R B - e N, NS 25y BT AT 4, Pb R
Cd ISR RAT J 2 S % S, Pb &AL
FER WAL RE N 84.54 kI/mol, Cd SALIE % 1)
T RE A 44.96 kJ/mol.

(3) 3l 3k %) il 6 11 - 398 U B 50 (R R AE S #
Al LUE IR N CaCl, w] A 7= i (1) 25 45 8 4 2 1%
i, I A RE . AR ST Yoo e . 1F
AT, Pb A Cd 12 BRZ505l1E 2 76.09%
5 64.71%, T IEVR BRI A BE . AR 0k
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19.42% F1 31.48%, Zr5l$Em T 0.64% 5 3.41%.

(4) Fr B AR S50 2R W 1% T 8 B R i 11
UF M S R P 31 pH (i, 5 CKAHLL, RefAT
FIEAT W ME Ca BN 41.41%~150.96%, +IEAS Hk
P Mg 8401 45.99%~207.19%, 134 Si #¥hn T 6.19~
16.54 %, AW B2 H AW iRk 5.94%~
16.87%, 7= HHGIEA 27.56%~61.54%.
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Mechanism and Application Research on Removal of Pb and Cd from Coal
Fly Ash by Chlorinating Calcination

Huang Qizhen', Shi Lin"?, He Liuging'

(1.School of Environment and Energy, South China University of Technology, Guangzhou, Guangdong,
China; 2.The Key Lab of Pollution Control and Ecosystem Restoration in Industry Clusters of Education,
Guangzhou, Guangdong, China)

Abstract: This is an essay in the field of metallurgical engineering. Calcium chloride was used as
chlorination agent to conduct the heavy metals removal experiments for coal fly ash, investigating the effects
of calcination temperature, calcination time and amount of CaCl, on the removal rate of heavy metals. The
results of calcination experiments and thermodynamic calculation demonstrate the mechanism of heavy
metals removal in fly ash by using chlorinating volatilization method; further, the kinetic model of
chlorinating process was discussed. Moreover, the coal fly ash, as raw material, was used to produce soil
conditioner which was studied to discover its fertilizing effect by pot experiments. Studies found that the
remaining contents of Pb and Cd in mixture were 10.22 g/t and 0.54 g/t, respectively, which meant 89.26%
of Pb and 76.88% of Cd were decreased after addition of CaCl, at high calcination temperature for 40 min.
The mineral of mullite, quartz, alumina and disodium oxide in fly ash contributed to the decomposition of
CaCl,. PbO and CdO mainly reacted with HCl formed by the decomposition of CaCl, to form volatile
chloride, meaning the oxides do not directly react with CaCl,. thermodynamic models fitting implied that the
chlorination of Pb and Cd were controlled by the chemical reaction, and the apparent activation energy of
reactions was 84.54 and 44.96 kJ/mol, respectively. Further, the pot experiments showed that the synthesized
soil conditioner can improve the condition of the soil, promote nutrient absorption of chives, and improve the
quality of chives. The effective calcium content of soil conditional product was increased after the reduction

of heavy metals by adding CaCl,. This research provides a method for comprehensive utilization of fly ash.
Keywords: Metallurgical engineering; Coal fly ash; Chlorinating calcination; Heavy metal removal; Soil
conditioner
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