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Removal of heavy metals from smelting flue gas by
ammonium sulfide
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Abstract: Tubular resistance furnace was used as a reactor to simulate smelter flue gas of heavy metals by heating heavy
metal oxides. And the flue gas containing Pb, Cd and Hg was treated with ammonium sulfide solution. The experiment
was conducted to investigate the effects of (NH,),S concentration, pH value of solution and the existence of SO, on
removal efficiency. The results show that the optimal concentration of Pb, Cd and Hg absorbed by ammonium sulfide
solutions are 0.2, 0.2 and 0.8 mol/L, respectively. And the optimal pH value is 10. Under the optimum conditions, the
removal efficiency of Pb, Cd and Hg reach 95.5%, 93.2% and 99.9%, respectively. The emission concentration of Pb, Cd
and Hg reach the requirements of Air Pollutant Emission Standard (GB16297-1996). In addition, SO, can reduce the
removal efficiency of heavy metals of smelter flue gas.
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Fig. 1 Schematic diagram of experimental apparatus
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Fig. 2 XRD patterns of heavy metals precipitation containing

Cd (a), Pb (b) and Hg (c)
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Fig. 3 Influence of (NHy4),S concentration on removal of Pb,

Cd and Hg from flue gas

2.3 K pH MESHEE. 8. REUBRAFN

BiAbEe SHh E A R VN, R pH B2
WA Ak B 6 IS 4 s SRR I N %, ST
RIS S H' 455 HS 5 1S,
2 S Nz 7y~(8) Tt

- +
H,S< HS +H', K, _HS I pK, =6.99 (7)
! H,S
2- +
HS™ < S +H", K, =w, pK, =174 (8)
[HS']

H'Y ST GBI T ST IR, S2ih %%
T pH X <H Pb. Cd. Hg HLBUR 50, SEK
SR 4, B 4 \T50, 7F pH Ky 2~10 ISR,
B EACERE pH T SE(2)~(6) I T B
e, ER(O)~(10) T I EFH#a#A. P HIBE)IX [H]
H 89.5%~95.5%, Cd A 83.1%~93.2%, Hg A 96.4%~
99.9%, M, 4 pH N 6~7 I, WL RCR AR, R
PEAR R, AAESEEMMRE TS, BT
SR SN A A BRI A R e SO o
fifé, Ji LA 453 o DR 43 DL - A BT R Bl B B K
MAEB IR SR, S EV R — 0 S s RN AR
JSC T 4 SRR AP CE T AR AR A, — 08 43 DR et S R ]

100 @ \/
e 961
=
5
g 92+
o=
o
S ggt
g o—Pb
4 o—Cd
84r o 2a—Hg
80 1 1 1 Il L
2 4 6 8 10
pH
1.0
~ o
& 0s 2
tn 0.8+
)
g
g 0.6
g
Q
§ 0.4 o—Pb
= o—Cd
2 02f +—Hg
=
25|
0 A——"‘Q——HM N

(&}
~
=
o
_
o

4 pH XS T Pob. Cd # Hg 2B 550
Fig. 4 Influence of pH on removal of Pb , Cd and Hg from

flue gas



2904 A G A R

20144F11 H

ROYE, EAEEREAE KT, pH=10 I, Pb. Cd #Il Hg
LSRR BIAE 92% L E, H DA h Y. #6. K
I 2350 4 0,654 0.45 F1<<0.01 mg/m®, ¥FEK
G AL B E(GB16297-1996) . % & 51 151
BHES BT DA B, Bk S A S S
L. BRI, BRAGERRBOR L S B . R
St pH #2410,

2.4 SO, RSP ERERK A RIE I

YRR SR S FORS ™, T8N A b ST
YIRS O] o0 MR R . AR IR 118
A %, PR E RIS 27%~32%"Y, 1H
AR AR K& ) SOy, DAL, SO, 2R miH S
HA TG m i EE R R

ST SO, X Pby Cd Hg A0 R 1K 500
S I FE Il A E R SOy, B SO, Hifiifb e
SN, W 87D I S,057 SRR BT 1 1
IOLE9)). IXFE, RN pH Bia iz R,
AT LA R PH BRI, 25 R WL 5. i S
ATEN, A pH A 2~10 241, E4 R 2Br3p pH F+

100 @ A\\\/

X L i
% 96
8
2
£ oot
=
>
o
g
C‘ 88_ 5 A—Hg
84 1 1 1 1 1
2 4 6 8 10
pH
0.8
&> (b) [u]
E
on
£ 06f
g
.S
Ei
= 04F
54
= o—Pb
38 o—Cd
£ 02 s—Hg
g
25|
0 S A

pH
5 SO, XHE S+ Pb. Cd Al Hg RIS
Fig. 5 Influence of SO, on removal of Pb , Cd and Hg from

flue gas

s SRR T . RO AI0yAT g, X R,
BiAbEL S 5 SO, I, THFE T b ¥ 8™, Aty 41kl
T STHEEERN . i SO, FrEHm N, W bt
W AR IRYE, SASES B MAETE, MET
W . 24 pH b 5~6 I, Hg B2 99.9% 5% 5]
96.4%, Pb I LR 95.2%B#KH] 93.2%, Cd ¥k
R 93.7%B4KH 91.7%. R, SO, X/ 48
AL CRA — 5 BAHIE H o

6S0,+4S*"+3H,0 — 35,03 +2HSO5 +2H,S 9)
S,03 +2HSO; — 2S+2S03 +H,0 (10)
3 g

1) G5B BCR MA T % 18, TSGR
HACET B RIS R 2300 0.24 0.2 F1 0.8
mol/L. HF—RMNE&MTR, 3 R4 1 ee
REVNFINT PR 9 He Pby Cd.

2) BB TG SR R B pH 1 T i S I
SRR, 2RI BT pH=6 I, 3 M E 4R
ZBRFLFERIRAR, BRI R, Pb. Cd. Hg ¥Jfg
CUILHR Ao i 7 B 25 . BRIk, Ak Bl
Wb 4 e ) fe £F pH o 10,

3) 18 BRI AR AT, fr B R K
FE3 4 0,65, 0.45. <<0.01 mg/m®, HCkF] (RS
15 R A HERRME) (GB16297-1996).

4) LEBR AL FL R A v MR 4 e ) B
i, SO, MIAFAE ST RERAE PR 1, T BE
IR 4 1) 2 BRECR

REFERENCES

[ AREAN. BREHATLTE SR TS RIUR A B e ST A G
J& THE, 2011, 1(4): 23-27.
LIN Xing-jie. Present situation and control methods of heavy
metals pollution from lead smelting industry[J]. Nonferrous
Metallurgical Engineering, 2011, 1(4): 23-27.

2]  ARUESE FEORSIHEETREM]. Kb g T AR
#t, 1992: 34-39.
LIN Shi-ying. Environmental engineering for nonferrous
metallurgy[M]. Changsha: Central South Industry University
Press, 1992: 34—-39.

[3] REx. KRB TREM] dbat: B2, 2002:
54-55.
WU Zhong-biao. Engineering for air pollution control [M].
Beijing: Science Press, 2002: 54-55.



24 1L Jite

5, & RMGEEERGHE T INE SR

2905

[4]

[10]

[11]

TP R AT BT AR (KT B R WESTBUIRIT]. R
SR, 2009, 3(8): 109-110.

HUANG Ping. Current situation of pollution and research on
lead smoke and lead dust in the atmosphere[J]. Science and
Technology Innovation Herald, 2009, 3(8): 109-110.

J Bk A IX ORI A P A B IR SE AT BT
[D]. Bedf: BB HE K%, 2006: 2-5.

ZHOU Lin. Environmental chemical behavior research of lead
and cadmium in atmospheric dust from Chengdu economic
zone[D]. Chengdu: Chengdu University of Technology, 2006:
2-5.

OB, D, BER, FIE, B BRIk E
KR wFoE D). L TR, 2011, 30(7): 1607-1613.

CUI Xia, MA Li-ping, DENG Chun-ling, XU Wen-juan, MAO

Yu. Research progress of removing mercury from coal-fired flue

gas[J]. Chemical Industry and Engineering Progress, 2011, 30(7):

1607-1613.

MERCEDES D S, ROSA M T. High-temperature removal of
cadmium from a gasification flue gas using solid sorbents[J].
Fuel, 2005, 84: 717-721.

THOMAS K, ISABEL M L. Feasibility of mercury removal
from simulated flue gas by activated chars made from poultry
manures[J]. Journal of Environmental Management, 2010, 91:
2466-2470.

JOST O L, WENDT, SUNG J L. High-temperature sorbents for
Hg, Cd, Pb and other
applications[J]. Fuel, 2010, 89: 894-903.

YANG X F, SHEN Z G. Silica nanoparticles capture atmospheric

trace metals: Mechanisms and

lead: Implications in the treatment of environmental heavy metal
pollution[J]. Chemosphere, 2013, 90: 653—656.

dk AR, B, R, £ IEPERM AR T
KIWFFE[T]. BRME2-243], 2011, 39(5): 373-377.

ZHANG He, ZHAO Jian-tao, FANG Yi-tian, WANG Yang.
Stabilized oxidation and adsorption of elemental mercury by

activated carbon[J]. Journal of Fuel Chemistry and Technology,

[12]

[13]

[15]

[17]

(18]

2011, 39(5): 373-377.

FANG P, CEN C P, WANG X M. Simultaneous removal of SO,,

NO and Hg’ by wet scrubbing using urea KMnO, solution[J].

Fuel Processing Technology, 2013, 106: 645—653.

bk, Wi SRR M. dbat: e e D A, 1990:

55-56.

LI Hong-gui. Rare metals metallurgy[M]. Beijing: Metallurgical

Industry Press, 1990: 55-56.

BJORGE D, JOEL H. Removal of heavy metals occurring in the

washing water of flue gas purification[J]. Chemical Engineering

Journal, 2009, 150: 196-203.

W, FTOC, BEOR, MEGE, B B, BRERE, MEf

e VIR P R A Iy Vs N 1 NG R R N S B

i, 2013, 7(3): 848-852.

TAN Hao-qiang, HE Wen-jie, HAN Hong-da, ZHENG

Cheng-zhi, MA Yue, CHEN Yu-zhuo, PU Jian-wei. Cadmium

removal in water emergency treatment of conventional process

enhanced by chemical precipitation[J]. Chinese Journal of

Environmental Engineering, 2013, 7(3): 848—852.

oS, B, EAR, B, . BRLTERREH LR
ZABUMHAT ], PR AARRHERR, 2012, 43(2):

435-439.

XIE Hao, ZHAO Zhong-wei, CAO Cai-fang, LIANG Yong, LI

Jiang-tao. Behavior of arsenic in process of removing

molybdenum by sulfide method[J]. Journal of Central South

University: Science and Technology, 2012, 43(2): 435—439.

PEKKA S, WILLIS F. Precipitation of lead sulfide for surface

chemical studies[J]. Colloids and Surfaces A: Physicochemical

and Engineering Aspects, 2000, 172: 17-31.

BN, AL BRRRIG oE M. b e Dk A,

2013: 6-7.

WEI Chang, LI Cun-xiong. Zinc extractive metallurgy[M].

Beijing: Metallurgical Industry Press, 2013: 6—7.

(4mig  FTHBLD)



