$i51 45 55 4 3
2022 4E 8 A

HhEA AR
China Nonferrous Metallurgy

B Al Ak B 0 K 1o T A BF 5

EOF, R, BT, ik
CIARTEIR R AR A BRA ], IR MG 264109)

(3 2] LARE SR AEamEK As 2224 20251, 6 mg/L, A SR\ BALTAY T L 474
AR ISR R B T L S, TR R R e R vk B i BEAT AL, R IE ST ERALF) R B RO B A Ao Bt ik B AR
B Y AT T AR AT 50 TEARAFALA A F n(S ) /n(As) = 1.2 B & B 1 30 min, 3t 4
i E80 r/min, S 4 T I ARG ik A 0. 24 mg/ Ly %R W # vé 52 sk s A A R L B B 18] e 2 iR
BAT R WA AR R AT AR B0 R A AR 3, A BT & R R R K IR AR 6 % R R A
A BR B A % vh > BRALH] R B > BT ] vh Rl & TR SR AR L AR AT A & n(STT ) /n(As) =
1.22 B & 7] 38 min $it 31k B 64 v/min, 2w i5M T, ARG R AR K LT 3HME 4 0. 15 mg/L, SEHER
FR R A RAC S 6 AL LAY TV AR AT AT A e AR E N T 0.2 mg/L, e B KRR B, A

Vol. 51 No. 4
Aug. 2022

W & B T AR DB 37/3416. 5—2018 ((GRIRA T LW 42 S HEAFAE) 5 5 3o F BiAR) R s 4

Rk

[ i |
[HREDRS] X758 [CiktraERS ] A
DOI:10. 19612/j. enki. enl1-5066/1f. 2022. 04. 018

fift (57 P % 33) 78 A AR S Bl A7 7 , 7E L 52
H115 0. 000 05% , U & & 1 HE#4 2 20 £, fEIR K
8 14 L FE NS 12 4, e R 28
& iR 0.5 ~2. 5 mg/kg, fHAEBAIRLAY Y S5 TR
PYRIBE A AR R €5 1
ARFEMAR, I 74,9, MK 5. 73, 48 4 817 °C,
Wh AT 613 T RS Y BRI T AT 3,
KA AATIRRHABE T 5 A 24 BRI AR
TR S KR T 4 75 g — A T R 1 36
SRR, DR O o 8 AT 2l P B AR

LM SRR . B B B R VBT VB S TR
N NV SYNCIPR EN NS SFE SR R SN
SEEAE (LTS 8 ) (WEIE LA BEE L
BRI R, AR PP R B R S (R As) YR
SR A, AN A 2825 B K T i 2 1 2 O IF S

[ 1] 2021-12-30  [4&3T H ] 2022-01-31

[ HB] 2022-02-01 [ H H#9] 2022-08-28

[T ] EH(1989—) , 3, IR IGUT A, Bid:, THI0, BF5r
FWET e T L.

(M4 E ] ST TF A 90 4578 44 T e P S D
o4 it BRI (2018 YFCI900306)

(IR ] £ TR0 AR T, 5. 0t 3 I K F W
W RACBFTE )] A (iR 4, 2022, 51(4) ;115 - 122,

BACH] 5 BFh g K s BRALILAR ; vh v @k R AE AL

(&g ] 1672-6103(2022)04-0115-08

A K DL A B TR R B S T RS
W AU e T RN R
— 7 B B AR R B R KL - AsO1 J = AT
fE71 KL - AsHI ¥ B8 2 B 5 4506 kAl % K i
fill, A3 K F R < 0. 1 mg/L, 44 4%
PA201 x 7 1 D301 A% ik b4 Ak 2E 4 7 25 i B 7Kk
WA, & As K&t 2 Pl g b BRI, J5 2
%2 0.01 mg/L LLF, ik 5] GB5749—2006 #5 i (4=
TR K TR UE) o W B 325 R BT S8 48 1 e 2
4 B CELA B RR 1 1, BTz TS K
WFETZ AR GE A AR A R K, sk
PRAKAE & I 7 . FRIE 2 400 B i M5 ek
BRAP AT R R , HEART T 1 M V5 Y B ) A1 2 A
SO R 2 A i A B A R K B 20 R
HICFESE B P A BRI A 1)
V2 IR 7K 4 T 2 W B IR 3l R R . DR
AR A TR R B R B R L2,
JEAKH 99. 65% HR LLTCETE As, Sy T X UTTE, bR
SR AT o A2 DT VE T3 A5 Ak B v VA 38 5 i
K bR, HLAH 2 T,



2116 - + AR SEFASIMR

LSV TRE S (B R N W o o D= SR 3 2
ZWRE AT L LS BRIBIR 5002 &
SCULILZR HE v R A ol 7™ A 1) 5 66 82 7K A JEORYE, X
B A TR 52 Wi DX 2R HE AT 05, SR g 1o it T 2 %o
BT , S B Ak A B i R K de 3t e
M TESH

LI a5
L1 R E#

20T A R AR TR T L AR v R Al K A 2
), pH E 2 1,02, FEALZ M W 1, K E
Z As M Zn, A IR ROUE A Fe Pb Cu \Bi,

R FRPBOK FEAL >
Tab.1 The main chemical components of

mg/L
4y As Zn Fe Pb Cu Bi
i 20251.6  654.30  20.35 1.54 0.85 1.02

arsenic-containing wastewater

1.2 {IG/RIE

T AL TR IS, 2 2B 1 = A2 S L (1)

4H* +3S° +2As0” =As,S, | +2H,0 (1)

B B85 S AR B AR T UE , H e
A TEA AR R EmE TES%.

1.3 REWHE

BUE A 7K 500 mL, A — 2 1 B B Ak 1, 30
FE— g I B 5 8 e T B S B, AT
T VR Ak B2 B 5 H R o
1.4 oz @ %

SR o7 il e i R e O i — b R AT
BRI o (X, ) 5B () (X, ) i b
(X5)3 AN L ESEOS ORI W & ik B2 (o i (B
S ) S Ve SOM B A HAR oAk & g K Bk
Ui A0 554
L5 #®lAFE

K XRF (X G580 34, EDX -6000) |
ICP ( HLJEHE & 45 1 11 D A& 5 6% , ICAP6300 )
A IR Ul VTR IS RUTR ) b e o A A =y ) i
2 BRERRATWER S 00
2.1 BRZRRBERESH

2.1, 1 BAkFI R A
B A K 7K 500 mL, 42 il 45 £ 80 r/min | &L

JOZ 8] 30 min, 38 1 R BAL T I, B4 a AL
FR R XA 5 05 B BE ORI o S 5 i i
08 UEBPAEALI 73T, ST 4G R LI 1.

25¢

[sS]
(=}
T

wn
T

TfifeE/ (mg - L)
S

0 " . .
L L1 1.2 13 1.4
Tk 8>/ As

BT AT X ORI 8 e A i
Fig. 1

the arsenic concentration of the arsenic

Influence of sulfidizing agent dosage on

precipitated solution
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Fig.2 Influence of reaction time on the arsenic

concentration of the arsenic precipitated solution
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concentration of the arsenic precipitated solution

Influence of stirring speed on the arsenic
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Table 3 Experimental design and results
TRALFI I
G5 n(S?7)/n(As)

JNE ] B (X5 )/ Rk

) (Xp)/min (remin!)  (mg-L7")
1 1.2 40 100 0.23
2 1.1 40 80 1.57
3 1.3 40 80 0.24
4 1.2 40 60 0.92
5 1.1 30 100 1.52
6 1.3 30 100 0.25
7 1.2 30 80 0.24
8 1.2 30 80 0.25
9 1.2 30 80 0.21
10 1.2 30 80 0.29
11 1.2 30 80 0.22
12 1.1 30 60 2.79
13 1.3 30 60 0.85
14 1.2 20 100 5.28
15 1.1 20 80 7.85
16 1.3 20 80 5.21
17 1.2 20 60 6.25
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Table 4 Analysis of variance results of the second-order model for arsenic concentration
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X3 29. 49 1 29. 49 1171.55 <0.000 1 —
X2 0.33 1 0.33 13.25 0.008 3 —
W 0.18 7 0.025 — — —
ST F Y 0.17 3 0. 057 59.22 0. 0009 ITE
YRR e 0. 003 88 4 0. 000 97 — — —
it 101. 62 16 — — — —

BB 2 PER R p < 0.05, R B IZ BN g 35 5
p <0. 01, W IZAE Y my B 3 2001 UL A A TR
p <0.000 1, FRUIHRY = BE b 2, R WL AU R 6
RFEEL KB K4 W LEW, B8 & — kI
X, X, X, ®I ki X, X, X, X, X7 X5 X 1% p (Y
/NTF0.05, RUPERFER o J AT >R Ko i P
R SIRIGHA R, B — 8 2 R . IR
ST F H A 0.000 9 <0. 05, KA A5 F 1, T6
PR ZAFAE , PR AT 2B 28 0 0 e 1 A 2
SRR BAE EAT A0 o AT P R A DG R BUR® =
0.998 3, 4% IF th i R ¥ RZ, =0.996 0, 45 53 R 4L
(CV)H0.16% ,ik— 2L FRWI BRI & B 2ty , AT
X UTR 5 VA B2 AT 25 43 i AR

M4 FAEATRF X, X, X X7 X XA
Je VBB A YA B S A R 5 2 7 (R 5 M
K5 AP X [ R B R X, > XS > X, >
X7 > X, B[R 5 K, BRAL R R R
2.2.2 e T A3 BT

TR UL 2845 2R S AR AR R DL S
TR B P52 ST [l U TR £ 2 ) iz iy T

THYEE A, K 4 ~ 6,

MIEN 4 RT LA H Bl B s 18] -5 B A5 1
SRR, 0 AR I YRR v BE S B G I R I et
BERH B, DNAF 2 I AT A R I ] — 2
N, Bl A 7 FH 2 A8 18 0, TR e 80 e J3E S B e
WA R T A€ Ml 3 B Ak 70— i, Bl
JO7 ERF 1) B4 S A, A i 9 A i B B B ST R A
TS K iy R e, HL S i [l A A T AR R
R BT/ T ARG HER T e ] S A (] 45
AT T i 98 A o J3E A 2 e B K, 45 A [
R aE R — 2

Qi s R BRI (8™ ) /n(As) R 1.1 ~
125 i FFEE D 60 ~ 80 v/ min, KL AL I -5 5
P E G RRIG I , TUR 5 VR ol S TR AR
LA =2 17 i 1T S 28 B T A, ey R g TR A
SRR A b RS 3R A A R P S R A
A FRORHICAH i 005 A oA R A S 14 R I 5 A A 7
A S50 2 Ak 2 4 O, TR YR e 58 Wt Al 1%
A, =2 7 i 1T AN P S AR R A, eI i 1Y
Tt PRSP A0 o S i YO 52 e



2022 48 554 ) £ TR B AL B R K R i R AR5 - 119 -

WY/ (mg- L)

g 130 20
(a) =4 7 (il i

40

35

30

5] 7] /min

25

20 - !
1.10 1.15 1.20 125 1.30

BALTH R n(S*)/n(As)
(b) “HE &
B4 AR T - OV T XIS
LN
Fig.4 The influence of sulfidizing agent

dosage-reaction time on the arsenic

concentration of the arsenic precipitated solution
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Table 5 The test report of the wastewater after arsenic precipitated mg/L
ZFR 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
JE 2 6. 85 0. 081 0. 008 0.018 0.25 0.018 0. 024 0.19 0.018
JE 3 7.35 0.12 <0.001 0. 008 0.32 0.012 0. 032 0.24 0. 009
JE K 4 7. 14 0.035 <0.001 0. 030 0.25 0.014 0. 021 0.31 0.014
HERCbRME  6.00 ~9. 00 <0.3 <0.05 <0.5 — <0.5 <5.0 — —
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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
20 251. 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*”)/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 Integrated 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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