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Treatment of containing sulfur simulated wastewater

with active chlorine dioxide

ZHU Ai-shi, LAN Yi-zhou, TANG Xiao-lu
(School of Biological and Chemical Engineering. Zhejiang University of
Scienceand Technology, Hangzhou 310023, China)

Abstract: The treatments of containing sulfur simulated wastewater with active chlorine dioxide
were studied. The influences of reaction time, reaction temperature, mixing speed, initial
concentration of wastewater, pH value and the molar ratio of ClO, to S on the treatment effect
were investigated. The experimental results show that; when the wastewater containing S°
and S, 0% are treated with active chlorine dioxide, two reactants are fully mixed at 50 r/min
stirring speed. To the wastewater containing S*~ , the reaction temperature has basically no
influence on the treatment effect, the reaction is completed after 15 min, the treatment effect is
reduced under strong alkaline, when the initial concentration is 100 mg/L, the suitable molar
ratio is 1. 47 : 1. To the wastewater containing S,Oj , the reaction is almost completely after
25 min, acidic solution is conducive to wastewater treatment, when the initial concentration is
220 mg/L., the suitable reaction temperature is 45 ‘C and molar ratio is 0. 32 : 1. The treatments of
wastewater of containing &~ and S,0j with active chlorine dioxide are fast and effective,
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VF 2l Na, S FEBR AL Toll AR DR B Ak Yoo A 7= 2 A R & sk oK. E8 LS (S,08 4§
[N R W S 0 7Y% 2 N X S AR A O B 7R ' N DR S e e T O |
PAZEAL B, Ab3R S SRR R BB R A E A AR I E R E S S, 08 RK — M SE W g
25 b SR B8 bR K 9 Na, S, O, A8 s B 5 AR LTk m DA AR 3 . — SR 51 (CLO,) HoAT 3
ST R K AL BRI ) A SCBRC3 IR EE T AR E M CLO, bR ST ORAK T H R T
CIO, IS 7K pH A A B A [ 1Ak 23 B 45 PR 28 36 25 Bk 56 1 52 iy o (R B e M CLO, b 3, 75 223
b, b B I B ) 5 SCRRC 12 4R 38 T 3% o ClO, Ab B Na, S, O, 3l J5 2% (H & Fih #E ClO, 4 Na, S, 0,
(g ELR T2 S R 9 R UL ARG o AR IR IR IF T R TG 1 ClO, SR AR FR & S 1 S, OF #ELE K, B2 H R
IO T S T IS ) A R LR K 0 A B v B L p LB BORHEE IR L (CLO, AYREJRBLL S B JRE IR B 42 3¢
[ 45 % b BRAGCR 9 5 0 B AE S TR SE BRI $R RS %

1 #MH5RFE

1.1 EEREHE

TPE ClO, ¥ W, A il i L85, Na,S « 9H, O, AR, 7 VL of 2 Ak T3 500 A BR 2 w5 i A% B 7R 44
Na,S,0; « 5H, O, AR HT M 3 LA 3330 ) s NG N- U 28 — e dh e 4k L AR, i Ak 2=t R A 5% B
1.2 EEKENHE

722E BT L4360 BE i RIS B 1) . 752 B AN 35l 6 BE AL (B 75 AR AL AU B A PR
3] DK-S24 RV R K I L C RIS %% SE 50 3 a5 A B2 D L S212-40 U 4E 4 E &8 (1 i IR 2R i H R
ABRZAHED  DELTA320 A pH i+ g FE 8 -FE 7 2408 LA RARD .
1.3 XBIHEK

FH SRR #9155 R R 1 28 1 M CLO, W8V 5 T 1) — g Ve B8 (349 40 B30 it 5 80 O 2t ¥4k 88 31, mg/ L) A BE 0L 55
WK Na, S« 9H, O B S BEUE K . ] Na, S, 05 « 5SH, O BL & S, OF BIBUE /K s A4l S 3 ), 422
) e T R B B L I ) 49 R L R K ) 4 B ok R L p H BRI CLO, $n i CRLBE 7K [ 3R7R) 45 A 1R AE
PR PR AT RN 5 £ TR AE BB IR] T IBORE | O R 45 25 0K RE T RT B 2 AR 1 CLO, IR L U 5 B 5
Mska S EL S, 0F &L BHE IR . W THPESOR S BRI RY | SN A A5 A K RN L S R
VIR R T 9200 % 200 AR 92 SR JH A 3402 S5 35 %8 19 500 mL B = M B A A 2L
1.4 RESWAEEERRKIE

TP CLO, ¥ WMk B 43 Y66 BE VA #E 430 nm KT A 5 mm BE38 Lo (@ ML E > 5 & S B K i it ik
JEFE GB/T16489—1996 FHE FF A 5 43 EOG BEEEAE 665 nm R 1 em BE3S LG @ LI 5 5 & S, OF JE/K R
T B AN 3G B BETE 220 nm TR 1 em Ay 35 B (@ ) Y,

Ab PRAACR ] 2B R R A

EBEE= (M, — M) /M, X 100%

A My M 4350 R A BT L5 K AR R R me /L.

2 H#REE

2.1 ST S0 MERESRAENXFEHE

4 590 FBCE 1) e A 4 o i 2O 10 mg/ L 9 Na, S TR HER IR 1.2.3.4.5.6.7.8 mL, &1 2% & 7 /K
FEZ 100 mLs 73 53 HUEC i1 4 (9 B B e )% 0 10 mg/L 19 Na, S, 05 % 1.2.3.4.5.6.7.8.9.10 mL. 4%

N2 8 T KM BE R 100 mLs JH 258 7/ ffas 1. 230 00 B HC i 16 8 A B0 o B kR (g /1) S5 IO BE Y
KAML, WK 1K 2.
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Fig. 1 Curve of relationship between Fig.2 Curve of relationship between
concentration and absorbance of S concentration and absorbance of S, 0%~

FE LT B 3R 25 2 S 06 b R I AR A W B AR A b T A o R 0 LA A b B R RO TR A 5 K
O B R A R R
2.2 BERER

i b ClO, 5 S* 524 M 15 B2 8ClO, +58° +4H,0=5S0% +8Cl" +8H" it & L /8 : 5;
ClO, RMi5E S, 0 W BN & 2C10,+3S,00 +H,0=S,0¢ +2807 +2Cl +2H" ,it&iH 2: 3
(ClO, 5 SEEI/RH A 1+ 3 ib—2 R . Al LAl S, 0F g4 k it SOF 5 b T 4b B Ho#5  BR BE /R e
AN SRR ] CLO, AN A2 o o B Ay R 52 1 40
2.2.1 RiREsFEIRE

Na, S ¥ W W) 6 BT it W B2 100 mg/L,pH11. 36, FE/K I 1. 28 = 1,100 r/min fig 4. )W 25 min BUFE;
Na, S, O; ¥R ) 46 T i W B 220 mg/L,pH7. 20, /K 0.30 ¢ 1,100 r/min #EHE, S 25 min B, %
5%V T BE X 2 B R R e 45 5 4 S DL RT3 LR 4
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Fig.3 Effects of temperature on treatment of S*~ Fig. 4 Effects of temperature on treatment of S, 05"

K3 R R RIREERT S 1 LBRF LA 0 AR AEA AW T .25 min B 832 58 1 B
A 32 S 0 3 e e s LT AR R R 32 AR /N 5 T LSO AR 5 Tl N AT R RT, DR B8 25 °C . R BRI 3
A SRR MR 22 BT i i B A IR E TR AR T ClO, M E . |4 R RN IREX S, 08 iy KR
RS B T T v A B AR R A (B R 45 C LU RBR AR /N T, HAR R E R T kAR T =
SN T B A R R B g B L AE AH [ 9 B B ) BB v T s R R (AR 45 °C DLJE RN T C 4 R
PN AE 25 min P28 58 B B0 A B AR FIREFE 5 08 24K R RN B2 LA 45 °C R EL,
2.2.2 BB A& R F 6 Rk

Na, S ¥ W] 46 BT e B 100 mg/L,pH11. 36, /R It 1. 28 = 1,25 *C,100 r/min $ii$; Na, S, O, %
WA TR 220 mg/L,pH7. 20, FE/K L 0. 30 ¢ 1,45 °C,100 r/min k. %% S 7 I A] % 22 5 2
AR S [N S I N
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Fig. 5 Effects of reaction time on treatment of S* Fig. 6 Effects of reaction time on treatment of S, ()3

HIE 5 AT LA . ClO, %4k S* BIRBE 15 min 2 J5 . S* #9 2 BR Rgt JLF A 75 L BT I st 8 52 L
B E 6 T LLE H L 2R 25 min ZJ5 .S, 00 [ 220 St JL T AR A5 s B R B 2352 . i F ClO,
UL B P SR e . CLO, SRAE S7 19 TR HEIE B T4 0L S, 08 BRI ST i I
PEFE S.0F 3R, BFLAZERL R % 2P Z L ClO, ik S* PR R A RS 15 min WEEURESRT L CO, 1L
S, 05 FE W 25 min B BUEE 23 #T o
2.2.3 BEARREA KRR Y h

Na, S ¥ W 9] 14 5 5 vk JBE 100 mg/L.pH11. 36, FE/R I 1. 28 ¢ 1,25 °C .5 % 15 min BURE 3 Na, S, O, ¥
WA R TR 220 mg/L,pH7. 20, BEJR L 0. 30 ¢ 1,45 °C, i 25 min BURE. 284 1 3 X LB &
iR AR S S N N R
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Fig.7 Effects of mixing speed on treatment of S*~ Fig. 8 Effects of mixing speed on treatment of S, 05~

B 7.8 Al LAFE .S H S, OF Ay e B 2% 56 BERE P o B2 1 K & A= W1 A8 4k, B] 100 r/min DL |5
PR EA A, BRI R R RAH AR R BN CLO, 3 WO A B0 W3 & A N %4 8 v ik
FEAE— AW IR A O Sk 2 30 9 e R 6 Y BRI 92 R R A7 5 i 0 e o 10 s R B A P B R
F5E .50 r/min DL ZSBRARIMIE AR /N, 2] 100 r/min B3RP 3R A0 AE Btk 8 & #5584 Rk, A T
S I FH FA REFE A B 25 08 PR R SR AT 50 r/min IR .

2.2.4 MBHRERESNEBREN A

XF Na, S KR, BE/R 1. 28 ¢ 1,50 r/min $it#E.25 °C, M 15 min BURE; % Na,S, O, K &, FE /R 1
0.30 ¢ 1,50 r/min $it$f,45 “C, )M 25 min BURE ; B 40 4f 57 2 U BE 9 28 4k & 52 W 0% pHL A, S0t i
pH BN R . % 8800 0 1 VR X 2 B 3R i 52 i), 45 S 4300 DL IR 9 (&l 10,

MNEEL 9 0] L H o 76 ) 16 o o 3 B AR L R BR R A AR AL, 3] 100 mg/L X} S* () R BRF LTI A 5,
MEL10 BT RAF X5 & S, OF A R 22 B 258 56 BE) 1 o dk vk J3 348 R A W I 2 5 L AHL 3] 220 mg/ L Ji5 5Bk
RAME AN T o SXRE A B R BR h XF NE G ERCh E B RN AR AR RN 0 B R AN 2 i N R AR
1, 76 A [ 16 S 07 e ] B R AIR T e BR38  iX AR5 O N B 07 27 B3 . 4R L ZE ARV B I A TR 8 1Y R
[ fe ¢ 1 L B B SR AT 1Y
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Fig.9 Effects of initial concentration Fig. 10 Effects of initial concentration
on treatment of S~ on treatment of S, 0%~

2.2.5 pHAEX £xF 6 Ha

Na,S 7 090 16 5 4 e 2 100 mg/L, BE/R B 1. 28 ¢+ 1,25 “C, 50 r/min Bk, B 15 min BURE ;
Na, S, O; ¥ W01 HA T ik B 220 mg/L,BEJR H 0.30 2 1,45 °C,50 r/min i £, ;¥ 25 min BORE ;s H HCI
WO TR ) NaOH WM . T Na, SRR T S &L HoSIBGR i SR sl ik .
SRS K pH (BN R BRFR A 52 L 45 H 53 i WL 11,18 12,

100.0 100.0p
99.0 90.0F
8 i < go.0f
g 90 5
& &
K 97.0f o 70.0f
96.0+ 60.0F
95.0 L L . L ) 50.0 1 1 . . ,
9.0 10.0 11.0 12.0 13.0 14.0 0.0 3.0 6.0 9.0 12.0 15.0
pH{E pH{E
11 pH{EX} S 4bH 5 12 pH{EX} S, 0 AbF 50
Fig. 11 Effects of pH value on treatment of S*~ Fig. 12 Effects of pH value on treatment of S, 0}~

M E 11 A7 0, ) ClO, Ab3EE S K pH {EAE 9~12. 5 [0] L BR 2 JL-F A28 H e bt o (B Bl & 75 03
P L 25 R A B R R R R AR SR 214 R CLO, Al NaOH R 54k R ClO, B 7. ok Fa e 1
ClO, W, FLAE AL RE J7 08055 o DA T 8 AH [R] 9 52 7 BF [ P 2 (6% 238 R AT 5 A o B 4 s iy Bsf i) G 4R e 07 4T3 e
g g ek, hFRK pH A 11 A4 Wt BE S RKERTHEZ M pH A, hE 12 ol Ik, A
ClO, AL S, OF K bfiE pH EHBF i ZERRUT RSN R R FE pHE KT 12 B KRR T
M. BT IEPE ClO, B A SRR TE . W AR RTEMRYE S T AR T ClO, S ALGE T 09 K 5 i Ak 52 N
TP s AR B 2 A FIF ClO, S840 RE T (09 & 44, (0 AT L 2 2 K fz i B i) ofe f JHE 40 4k e 1 g g 42 38
R, BIRVEA R T4 AH TR & LU B 845 DL KA 5 pH (B R .

2.2.6  ClO, #AE R AT &k £ 69 %0

Na, S % W47 4h Jot B 1 B 100 mg/L,pH11. 36,25 °C .50 r/min $it 4k, 5N B E] 15 min BURE 3 Na, S, O,
VMW G T i Wk B 220 mg/ L, pH7. 20,45 “C .50 r/min $FfE, 52 B [H] 25 min BURE . 25 42 EE IR HXT 25 B
Y FZA L S5 50 WL A 13 8] 14,

SEE G R TR ClO, BB B2 B, ClO, 23 HHAE. M 13 ATLIE L, BRI 1,47+ 1 )7
STEHESEATHFE HE 14 W LUE L S EER IR E] 0.32 ¢ 1 RTEZJLFIAE SO HERE e 4.
WA 0 R RIS R BE IR 1L, B RV A 28 A B S, OF (R 8 ClO, #Rka, 1T LIS R 238 LA +6 4
JEEAAE ., KIS, CIO, BB 2 A BN BIROR A 2 1145 2% A BE R LRV AT 4 i A AL B,
SEBR RN BE R L S BB (AR 25 5 X2 BEIE 5 S2 BR I X3 oA VR BE S0 B O s A DR 25 1Y DAL
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Fig. 13 Effects of molar ratio on treatment of S* Fig. 14 Effects of molar ratio on treatment of S, 0%~

2.2.7 BRANKRARREEE

Fit il A Na,S B B 100 mg/L. & Na,S, 0, 220 mg/L MR A VAW - R EE R 1.8 ¢ 1,50 r/min
Pk 76 45 “CF N 30 min BUEE /AT, S BRI, RBRRIE 1002%05S,05 KFBRFIL 99. 96 %0, th ]
DL 4k Ak .

3 & iF

W RGP R 5 A5 8] G CLO, b 3R & 6 E /K (19 38 B 2% 18 - X590 46 e B R 100 mg/ L 1 &
SPR K AR RN E] 15 min, B £ B 50 r/min. 55 6P L BEJR FE 1. 47 ¢ 15 X w0 bR B R W E
220 mg/LINE SO0 Pk IR EE 45 °C [ B E] 25 min JEFE B 50 r/min @M IR 0.32 ¢ 1,
TS B R AR PR, S R VR B LT GB 89781996 V5 /K 45 & HEBPRME L E 19 1. 0 mg/ L.,

TPE CLO, Kb B S B E K L 38 I 3 L 3 PR 2D BRI AR RO AT, 505 B 1 k2 24 5 0 B 4 L
HATAR K LS ARG 5 i
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