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Fig.1 E-pH diagram of arsenic in aqueous phase

As-S-H,0-System at 25.00 C

15p  HAsO(-a) HAsO (-2a) | AsO,(~3a)

B2 KA As-S ) E-pH &
Fig.2 As-S potential-pH plots in aqueous phase

1.4 RIWHE

B LRI IR AR R ICE T
a0 U T U T R A v O R A
IR 50 15 A5, N — 2 19 ZnS, FF IR 1t
B IR 5 A, (8RR PR = AR 2 S K S iz
Je PR TS TR 5 A B ) [ (AR 7 4 B 5 (] A v i FH 3
RAMR I X TE 50 CEEAETFHET 12 h, fRIEAE
TWR I AR b AT AN AR DB TRCR D TCP (H 2
BB THOLRE) ST AT, AR ULUE

7T XRD . SEM-EDS 1 XPS 255 I JH T )5 LEHL B
5T o
L5 SHRHERE

57 P P R 15 e S B T AOEEA (TCP ) A
e BRE R R As (D) SR UL . R X
SYERATT S (XRD ) X35 8 URE W AT M AR 20 #r , R
X PG T BETE (XPS) HEAT [ #2123 #r, 2R H
P9 I e (SEM) AT R EDESL /0T, R X
SR A A (EDS) BEATOUR F A, R A X
S EHEIEIE L (XRE) KT R &4 | v H o

i R (D)

C,-C
R:%me% (1)

KR ISR LB, % 5 Co IR P AT R
WA FE , me/L; C, AL FH )5 e Ak 75 R i o 2% 1Y
WRE  mg/L,

2 ZER50NHE
2.1 FRUCEERTBRTHAT A B RNE
2,11 S/As Wyt HO BR AT R S

[ R TR A5 SRR 80 °C S ] 120 miin,
FEE S/ As IR HL A0 9 311 4501 .6:1.7.5¢
1A 9: IASBRALEERRTNFT A, G5 SR AN E 3 B o

&3 AT, 3800 S/ As Wy BT 1) s bL AT DA A 4
FIRRR . B S/ As W A B LA 3, Ab B
JETG IR As WeEE TR AR, 24 S/As W) ) 5 b H
3:1BGINE] 7. 50 UNE, AL RS AL TSR As it il 682
mg/L FE AR £ 16.04 mg/L, fiff 5 B R 2 5 =
98. 42% ; QKLEHIIN S/ As W T IR LU , Bl B A R
WS RE AR AN K, S/As Wy T 1t HL A 388 o 4 5
VWP R B B ST B TR L R i i R
L, EOIN T B T 1A RE I LR 4R T B Ak
R OHHGAF] 7.5 10F, XFBRAN AT S°7 B R4
o I, ARBEIELL S/As W L 7. 5 /R R 4R
(% 3L
2,12 JSEI S XA AT A AR AL

[ E IR I A 1F S/As WY IR I EL 7.5 | R A ]
120 min , Z £z W IR JE 43 5 8 20 °C .40 °C .50 C |
60 °C .70 C #0180 CHImALEEERANAT M, 45 R an &l 4
7R o

1P 4 Al B R SR L, B R g 5 4R
HRIGTRE K 20 C i, Bl EBR RN 23.4% , HFE



. 160 - i R I SEFASIR

1 000
100+
/——1 100
80+ / a
s - T |
B —o- VTR B 1
g 1400 &g
€ 40 g
=
1200 &
20+
10
0 Il 1 1 1 Il
3:1 4.5:1 6:1 F=D1 9:1
SIAsY) i L

B3 AF S/As Yyl LR R AR AY MR
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on arsenic removal efficiency
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Fig.6 X-ray diffraction analysis of ZnS arsenic

removal slag samples
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Fig.10 Effect of different reaction temperature

on arsenic removal rate
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Fig. 11 Fitting results of three kinetic models
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Experimental and kinetic study on the removal of As( [l ) from
smelting waste acid by slow-release sulfiding agent ZnS
ZHANG Mengmeng' > | LI Jing'*”* | DONG Qingfeng'*”
(1. Faculty of Metallurgical and Energy Engineering, Kunming University of Science and Technology, Kunming 650093, China;

2. National Local Joint Laboratory of Engineering Application of Microwave Energy and Equipment Technology, Kunming 650093, China;
3. Kunming Key Laboratory of Special Metallurgy, Kunming University of Science and Technology, Kunming 650093, China)
Abstract; The smelting waste acid contains a large amount of arsenic. Currently, the conventional approach to
arsenic removal involves the use of a sulfide-lime neutralization method for iron salts. However, this method is
associated with high costs, environmental concerns, and a substantial burden on the system. The primary cause of
these issues is the high solubility of the sulfide agent in the waste acid, which hinders its effectiveness in arsenic
removal. This paper presents a slow-release arsenic removal technique using zinc sulfide (ZnS). The study is
based on E—pH analysis of the test conditions, ZnS arsenic removal kinetics, and in-depth characterization of the
reaction products to explore the ZnS arsenic removal mechanism. The main conclusions are as follows; In the As—
S—H,O0 system, when the pH value is less than 2, arsenic ions are found to be in the stable existence region of As,
S;. The most effective process conditions for arsenic removal by ZnS retardant are determined to be a S/As
substance amount ratio of 7. 5, a reaction temperature of 80 °C , and a reaction time of 240 minutes. Under these
conditions, the arsenic removal rate reaches 98.42% , and the arsenic content in the waste acid is reduced from
1017 mg/L to 16. 04 mg/L.. The reaction rate of ZnS in removing arsenic from waste acid follows a mixed diffusion
model, with an apparent activation energy of 28. 29 kJ/mol. ZnS is a spherical particle with a rough surface and a
large specific surface area, and arsenic in the waste acid adheres to the surface of ZnS in the form of As, S,
precipitation after the reaction. This process takes advantage of the dissolution characteristics of zinc sulfide, slowly
releasing S*” to remove arsenic from the waste acid. It avoids the introduction of sodium ions, reduces the burden
on the system, and lowers environmental risks, effectively removing arsenic from the waste acid. This provides a

new approach for the treatment of waste acid.
Key words: smelting waste acid; slow-release arsenic removal ; zinc sulfide; As,S, precipitation; E—pH analysis;

hybrid diffusion model



