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Table 1  Chemical composition of coal sample (mass

fraction, %)

C O Si Al Fe S Ca Mg K Ti Na
76.7017.74 1.81 1.33 0.80 0.55 0.48 0.20 0.15 0.12 0.05

Reactant

Quartz tube

Flowmeter oMt fe
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Fig.1 Schematic diagram of experimental flow chart
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Table 2 Proximate analysis of coal sample (mass fraction, %)

Ash  Volatile Fixed-carbon S P
11.93 12.49 0.49 75.59 0.55 0.05

Moisture

Electric fumace

Cold Drier

Dhata '
collection
trap

B, Cu ¥l K, 5Fek, ¥k 35kV, & HUE 20 mA,
FEHE 10 (°)/min, FHHTEE 20=10°~90°,

K HAHY: 2ZSX100e X 256G HEA T
JCEMEL KRABNER 20 mm F¥EFG, K
30 t/em® J& 7 A 20 mm B, A ZS TR b T4
TeFEHYE EAI; R 20 °C, WA 30%.

KT [ it B /A =) (NETZSCH)AE 7 1) STA449F3
PO HTAONFE AT IRE /3T, BRI 10 mg, i
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i 20 mL/min)fE R4, Al E (A E 50 mL/min)
VEBG AR, HEWO A FLEE 1N ALO; 3.

FEdH Cus Pb. Zn. Cd 2570 % & K PS—1000
L ROHE & 25 B T R SPOBHE(ICP-AES, F2-hE,
MEAT: TR 1.0kW; AHS 17 Liming; FASHE
0.252 MPa; %#iBh"< 0.2 L/min; 2% 1.0 mL/min). 43
MrkEdh P Hg. Se. Sb. As JCE S E X/ AFS—9130
JRF 9B T (Ab 5 RAER A R A R AR =, Kol 4
PEe SR TR IR 240~250 VAR B
8 mm; L HL: A 55mA, Bl 25 mA; AW E:
400 mL/min; BE# i : 800 mL/min)

4 B2 AR R O B PR ) s o
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Flue gas analyeer
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Fig. 2 Arsenic bearing gypsum sludge in slag field: (a) Fresh

sludge; (b) Old sludge
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Fig.3 XRD patterns of arsenic bearing gypsum sludge

Table 3 Chemical composition of arsenic bearing gypsum sludge (mass fraction, %)

XRF

Chemical analysis

O Ca S F C As Zn

Cu Sb Bi Pb Cd Hg Se

45.61 2835 731 4.45 2.13 8.56 0.97

0.24 0.20 0.15 0.09 0.04 0.03 0.02
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Table 4 Leaching toxicity of arsenic bearing gypsum sludge

Element Concentration Identification
of leachate/(mg-L ") standard!"/(mg-L ™"
As 214.06 5
Zn 4.21 100
Hg 0.19 0.1
Cu 0.07 100
Cd 0.09 1
Pb ND 5
Se 2.47 1

Note: ND means not detected. Detection limit is 0.1mg/L for
Pb.
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Fig. 4 TG-DSC curves of coal powder (a) and arsenic bearing

gypsum sludge (b)
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Fig. 5 TG (a) and DSC (b) curves of decomposition at

different mass fractions of gypsum sludge/coal
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Fig. 6 XRD patterns of arsenic bearing gypsum sludge/ coal
reacted residue at different temperatures: (a) 20°-80°; (b)
30°-35°

B 7 BT s S R B /R B s D a R rh A4
FEYINHE =R . il 7 Bos, YEETEE
600 "C I, 75 B B ARk [l — [ e S = CO,
WP M2 EHIL—AN/NE W, IX 0] BE >R Sh 7
AR F B, BARQ3). BER 4R
1, COLWRBEFFARIHE T &1, 4kif R %, 7 1000 °C H
B AN, W R R IE DR 4 e S A R
JB) COp FHUMEY, WK (13). FEBEH CO, M 600 C
THERR A=W SO, FF 4R H B I HLk B P T
Tt, % 800 CHIIE A, % 1000 CHT SO, WAL %2
BAKAK o 800 CFIT = 1) CO, Al SO, L T %
M(8), B CO, B nIAEVEH H T CaCOs 5l o
SO, LRI ZE 5 CO, (1T /3 AL HAR—2, Hg
ATHEAEES T CO MM —H A TR K
o Ghifr 2.2.2 BN TG-DSC 24T, nl AR
FHE % 600 °C, CaSO, Mt AR A, A RIV(8),
FHE A 1000 CHf CaSO, 7 il A 54 X Ui 1
CaS0,—Ca0/SO, ¥ FEHAMIK, AR T 65
T TR A o B 7 T BRI AR AR At 26 A 2.2
43 TG-DSC 45 B+-3W 4
2MeO+C=Me+CO,(g) (13)

A Me fRES .

5000
— 0,
—Co
4000+
. H000F — g0, Iﬁ
= |
“E 3000+ |
B
£ 2000}
£
~ 1000t
i)

300 400 600 800 1000 Isothermal
Temperature/ T

T SRR E VAR SN A A P R it
Fig. 7 Concentration-temperature curves of evolved gas in

reductive decomposition of arsenic bearing gypsum sludge/coal
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Fig. 8 XRD patterns of dust in reductive decomposition of

arsenic bearing gypsum sludge/coal
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Fig. 9 SEM images and EDS spectrums before (a), (c) and after (b), (d) reaction of reductive decomposition for arsenic bearing

sludge: (a), (b) SEM image; (c), (d) EDS pattern
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Table 5 Leaching toxicity of reacted residue from arsenic

bearing sludge/coal reaction

Element Concentration Identification
of leachate/(mg-L™") standard!"/(mg-L ™"

As 1.05 5

Zn ND 100

Hg ND 0.1

Cu 1.28 100

Cd ND 1

Pb ND 5

Se ND 1

Note: ND means not detected. Detection limit is 0.1mg/L for
Zn, Cd, Pb, Se and 0.01mg for Hg.

F6 ATERAMRIR TR R AR A L
Table 6 Arsenic content, leaching toxicity and leaching rate

of sludge/coal residue

Average As As leaching Leaching
Sample . 4
content/%  toxicity/(mg:-L)  rate/%
Sludge 8.56 214.06 1.49
Reacted residue 8.33 1.05 0.06
AN
3 &g

1) ABEBEERS N CaSO, KIKEW, &FH
As. Zn. Cu. Sb. Bi. Pb. Cd. Hg 1 Se 5 H 4 )H
JLE, As i 8.56%, As Fil Se 12 H #ME4r ik 214.06
mg/L F12.47 mg/L, ##id (GB 5085.1—2007) " HiE
) 5 mg/L F1 1 mg/L FRAH, Hg jCEMEHER, JEEK
IEF) -

2) A1 B TR A R B A U 2 ORI & it 7K T

k. ALY IREE . WAHIR ER A1 CaSO, 4
fift, 1000 °C IR 1K) 5T R 451 2K R AT 50%, 1 F 5 450k
SR LG 40:1 I BEAS A R BE I i, FA A 1)
HPRE, I RIMRIE Rk 3 MY BE: 40~200 “C 45
i K EBR . 200~600 °C 4 & &L A AL Y 9 i
600~1000 CHRFRA" Ao/ S B FREY 55 TR 58 31kt o

3) IMELFE R LT CaSO,—CaS—CaO WAHE:
g, CaS N N A IR e, BH R W R s
CaS0;—Ca0/SO, A% it N AT B S, T HE
&R E D IEAGAR AR, 12578 RN R ] 2
FUB YR R BEAR, B R BN 45.29% A
#h 65.83%, SHfiftid B AW SO, Fr R IR,
FERNEIHA T HE A AsyOs0

4) SRR IO G5 R A B0, Tl ) IO B 2R 0k 2
36.62%, e # ek 1.05 mg/L KT (GB 5085.1—
2007) PRAE, BN EAEBR 1236, FRET
63.38% 1 A7 2 [ AU AT 50 R T o B IS Ji 23 i 52
MTHBEBRLEME . REEFH 5.
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Reductive decomposition behavior of arsenic bearing gypsum sludge
with coal and arsenic migration rule

ZHAO Zhan-chong"?, SHI Yi-feng®, ZHU Xing" %, QI Xian-jin"2, WANG Xiao-wu’, YOU Kai-yun*, WANG Hua'-?

(1. State Key Laboratory of Complex Nonferrous Metal Resources Clean Utilization,
Kunming University of Science and Technology, Kunming 650093, China;
2. Faculty of Metallurgical and Energy Engineering,
Kunming University of Science and Technology, Kunming 650093, China;
3. Yunnan Copper Co., Ltd., Kunming 650102, China;
4. Yunnan Copper (Group) Co., Ltd., Kunming 650102, China)

Abstract: On the basis of chemical composition, phase, leaching toxicity and thermal stability of arsenic bearing gypsum
sludge obtained in lime/ferrous sulfate precipitation process, the reductive decomposition characteristics and arsenic
migration rule were investigated by TG—DSC and solid—solid reaction between arsenic bearing gypsum sludge and coal.
The results show that mass loss ratio of 50% is obtained when temperature reaches to 1000 C. A sludge/coal mass ratio
of 40:1 can effectively promote the thermal decomposition and lead to a higher mass loss rate. The CaSO,—CaS—CaO
phase transformation occurs during the reductive decomposition process of gypsum sludge/coal. The transformation of
CaS0O,4—Ca0/S0O, proceeds completely and a volatilization rate of 45.29% and a volume reduction rate of 65.83% are
obtained in the final stage. The evolved gas is consistent with SO, and CO, while As,0; is the main phase of dust. The
reacted residue is characterized with dense structure. The arsenic concentration in leaching toxicity test of the reacted
residue is 1.05 mg/L which is lower than limit in GB 5085.1—2007. It is found that 63.38% of total arsenic remained in
the reacted residue but with a low arsenic leaching rate (1/236 of arsenic leaching rate in gypsum sludge). The reductive
decomposition of arsenic bearing gypsum sludge realizes the harmless disposal, sulphur utilization and arsenic
enrichment.

Key words: arsenic bearing gypsum sludge; reductive decomposition; TG-DSC; leaching toxicity
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