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Tab.1 The main chemical components of
mg/L
A As Zn Fe Pb Cu Bi
HE| 20251.6  654.30 20.35 1.54 0. 85 1.02

arsenic-containing wastewater
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the arsenic concentration of the arsenic

Influence of sulfidizing agent dosage on

precipitated solution
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(S*7)/n(As) N 1 B} UTRS AR 23. 25 mg/L; B
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concentration of the arsenic precipitated solution
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Influence of stirring speed on the arsenic

SR BRI n (S ) /n(As) 2l 1.2, VAT
IET.I 30 min, $EPEEE N 80 o/ min , /E i 50 15 1 H
o LGB RIAIE E R EFIK Pt W2 2,
24 R A5G 45 S Al Box — Behnken design
( BBD) A Y 10 B3, AT 1 A [ Ak 50 A 6
SIS TR 1 B 25 PF T I i e S 4
RIS,

&2 PO AE BN A R E AP 2
Table 2 Different factor values and level coding for

central portfolio designs
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Table 3 Experimental design and results

7 L
" (@ gfﬁjﬁif) A SHFRIZC) /A
() i it ()
1 1.2 40 100 0.23
2 1.1 40 80 1.57
3 o 0 80 0.24
4 1.2 40 60 0.92
5 1.1 30 100 1.52
° b 30 100 0.25
7 v % 80 0.24
: o % 80 0.25
9 v % 80 0.21
10 1.2 30 80 0.29
; o % 80 0.22
. - % 60 2.79
13 1.3 30 60 0.85
. o 20 100 5.28
. o 20 80 7.85
16 1.3 20 80 5.21
7 1.2 20 60 6.25
18 1 A Design-Expert #E47 — YR M) 7 18] [7] 15

ST AR 22 o0 R I Rl L(2) .
® =189.256 75 -224.46 x X, -2.27927 x X, -
0.24566 x X, +0.327 5 x X, X, +0.083 75 x X, X, +



- 118 -

v E A& LS

LZeFASME

0. 000 35 x X, X, +82.90 x X; +0. 026 465 x X; +
0. 000 703 75 x X (2)
K o NUUH S RAIAE (mg/L) 5 X, (X, X, A

EESESYS S RN
2o X [0 A 75 R 4 D7 2 0 A A S A R ) 2
P, iy B " B R A 5 25 e T A R L3 4

R4 TRURE RO T5 25 0 A dl

Table 4 Analysis of variance results of the second-order model for arsenic concentration

p-value

J5 2R ¥ M ¥y F{E B
Prob > F

A 101. 45 9 11.27 447.79 <0.000 1 ITEL
X, (WAL &) 6. 44 1 6. 44 256. 00 <0.000 1 —
X, (JSLNERTE]) 58.48 1 58. 48 2323.29 <0.000 1 —
Xy (PipkpE) 1.56 1 1.56 61.88 0.000 1 —
X, X, 0. 43 1 0. 43 17. 04 0.004 4 —
XX, 0.11 1 0.11 4.46 0.072 6 —
X, X, 0. 020 1 0. 020 0.78 0. 406 8 —
X2 2.89 1 2.89 114.95 <0.000 1 —
X2 29.49 1 29. 49 1171.55 <0.000 1 —
X2 0.33 1 0.33 13.25 0.008 3 —
i 0.18 7 0.025 — — —

KA FAH 0.17 3 0. 057 59.22 0.0009 B
A xR 0. 003 88 4 0. 000 97 — — —
Bt 101. 62 16 — — — —

R G 2 VERG G p <0.05, R IZA R 2%
p <0.01 , FRHAZLASRY 2 i i 250071 Il SR AR A
p <0.000 1, FRIABIRY S R I 3t R B2 T B 18
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TR SRIGIA AR, B — % 22 RO FE R, (%R
JAUIR F (K 0.000 9 <0. 05, KA RLEA FI Y, TC
RPN RAFAE PRI AT FH 32 A 7R 10 3 6 11 € % o
SRR I HEAT AT . IR T P A O REUR® =
0.998 3, K¢ IE TR GE R EL R2, =0.996 0, % 5 R
(CV) 1 0.16% , i — R ABIAVIL A BE 34, AT
XSGR 5 WA B HEAT 25 3 B RS0

MWE4H FETES X, X, X, X] X, XFiaf
e YR R R YA B S SR 5 2 (K 5 )
K,5 A ZE X BRI X, > X5 > X, >
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2.2.2 W R AT

S TR WM 545 R R A8 B AR LA S
TR B S A N7 [ DR AR ) = 2 g 7 i T R

T UL 4 ~ 6,

N 4 BT LLE Y B O s 1] 5 AR 70 Y
FIECFIIG A0, UAH I A v B 5 R S R AR W
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AF, Bt AL A 590 o A 185 in, A S R R R S R e
RALR e TR A 345 i Ak 700 FH it — B, B
o7 B ) 9 22 K, T0 R i 9 A R O B IR IR S
TG O R A, LR N N T AH 45T i Ak )
R L Th/ T B AR AR B K 3 3 B R IR (] 4K
AT o R T R e I R ) e B R 5 B
ROHras R —2

WE s Fs, Ak HE (S ) /n(As) A 1.1 ~
1. 25, $HEH Eh 60 ~ 80 r/min , B AR Ak 71 5 4
P () 38 KRTBE N, TR TR R R B TR A

LA = e iy T S 2SR AR o TR A
SR ) s R B S B 1 5g
AR PR V8 v B A I 2 5 A )
JH it 5 1Pl 5 A 52 1 K, U VR e A TR s A
5, =2 SO T AN P AR 1) R Y
T A0 AR08 R PR 0 0 3 38 X T i VR 9 8 R i 2
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dosage-reaction time on the arsenic

concentration of the arsenic precipitated solution
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Fig.5 The influence of sulfidizing agent
dosage-stirring speed on the arsenic

concentration of the arsenic precipitated solution

2253 M A —2,
2.2.3 FR{AL S EE

A ot AT A 3 A A R SE
ST I TR] 386 R 40k 4 B RE ) R R AR T B S 9 B
JE | JUFH IR 2 N7 R[] % {90 A0 5 V80 T Ve B 5 i) e K
BERIALAL 25 0 Je AR Bt AL DT 9 T 25 2% - it Ak 3R
(S ) /n(As) M 1. 22, W B [E] 38 min, $i
FEBEES 64 v/min, BCARAFTS SO GRS A
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TESAUSAE T AT 5 e, &l 7 fies i
J5 VAR FE S35 R 0. 15 mg/ L, SEBR I -5 45 78 15
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Fig.7 Stability test experiment

3 Armaiig
LI ZR 5 v A Ml 7K Ak 4 i) 4 F g 7 T 92575

W T2 A TIE AT, BAL T & n(S7 )/
n(As) A 1.22, e i) 38 min, FifFE5E A 64 r/min,

VA5 HUG TR UE UEWOMA A KT pH =7.00, F
UOEE , K e /N T 0.2 mg/L, FF A I R4
Hb 7 bR HE DB37/3416. 5—2018 ({ Ji IRk 15 Ye ¥y 25
GHERR ) 26 5 F 4y 2 i) o BEPLIEECH A
K A 4 ) SR A 32 A R )55 b R K YRR 4
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4 755
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Table 5 The test report of the wastewater after arsenic precipitated mg/ L.
FFR pH As cd Cu Fe Pb Zn Sh Bi
JE 1 7.02 0.14 <0.001 0.021 0. 14 0. 020 0.018 0.30 0.012
R 2 6.85 0. 081 0. 008 0.018 0.25 0.018 0. 024 0.19 0.018
SR 3 7.35 0.12 <0. 001 0. 008 0.32 0.012 0.032 0.24 0. 009
SRR 4 7.14 0.035 <0. 001 0. 030 0.25 0.014 0.021 0.31 0.014
HechsiE 6,00 ~9. 00 <0.3 <0.05 <0.5 — <0.5 <5.0 — —

B ATl A B LU 458

1) SR BR AT UE O L 2000 PR 3R S 45
R T ZZHO AR n(S*7)/n(As) =1.2,
SRS E] 30 min, FEPEHEE 80 r/min, B ASF T UL

JEW A 0. 24 mg/L,

2) SR sty w7 2 %o A A 7 Iir“ﬁn‘l‘ﬂ%u
PP AT 2 RS A T 0 A, A5 3 A —
IEIE*%E"AJEA%A,HU%E&%;%I%XU‘J%JU}LWE‘J
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Research on response surface optimization of arsenic-containing

wastewater treatment by sulfidization
WANG Lei, ZHANG Jun-feng, XIE Wei-ping, ZHANG Hui-nan
(Shandong Humon Smelting Co. , Ltd. , Yantai 264109, China)

Abstract; The As content of arsenic-containing wastewater produced by a smelting enterprise in Shandong is
20251.6 mg/L. In this paper, the sulfidization arsenic precipitation process was used to explore better process
parameters, and response surface methodology was used for optimization. Test study was made on the effects of
sulfidizing agent dosage, reaction time and stirring speed on arsenic precipitation. The optimum technological
parameters were obtained as follows: sulfidizing agent dosage n(S>™)/n(As) =1.2, reaction time 30 min, stirring
speed 80 r/min. Under such conditions, the As content in the post As-precipitation solution was 0. 24 mg/L.. The
response surface methodology is used to analyze the significance and interaction of sulfidizing agent dosage, reaction
time and stirring speed, and the quadratic regression model obtained is significant, with good fitting degree. The
influence sequence of each factor on As precipitation in wastewater is reaction time > sulfidizing agent dosage >
stirring speed. The optimum process parameters for response surface prediction were as follows: sulfidizing agent
dosage n(S*7)/n(As) =1.22, reaction time 38 min, stirring speed 64 r/min. Under such conditions, the average
As concentration in the precipitated solution was 0. 15 mg/L. The results show that the As concentration in the
precipitated arsenic solution is less than 0. 2 mg/L. by using the optimized sulfidizing arsenic precipitation process
parameters, which meets the local discharge standard DB37/3416.5—2018 [Iniegrated Wastewater Discharge
Standard for Basin Part 5 Shandong Peninsula Basin required by Shandong Province.

Key words: sulfidizing agent; arsenic-containing wastewater; sulfidization arsenic precipitation; response surface

methodology ; parameter optimization
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