Fa2%5% 8 H Tolkk 4k 2 Vol.42 No.8
2022 4 8 A Industrial Water Treatment Aug.,2022

DOI:10.19965/j.cnki.iwt.2021-1026

o) B TET L R AL s fE L B R B R+ I B R ER 51

x| KUK ORULK ML BEELEEREE! AN
(LAMNBHAFERFRFE TR ER, LA AN 215009;
2.4 N IC R IRE B A A R AF I A A M 215000)

[FE] BB 7m0 M0 T e 6K 8 2 4 (SDBS) FL AT S5 /K RN S5 I (W AU PR RE L 32 1 L B8 AR 7= A 0
BT VA T, RO 7 AR X KR PR B B AR felt R A I M R AR A PL IR K o R AL B (ZnO) i AL 7S AR
SDBS, R 5¥ 5% I SDBS [ fift 0 R (1 B Sk o B ik PP R 9088, 54T ZnO 4R & R 75 3y 75 A I R B2 pH
5 R R K SDBS [ A ZOCR 19 52 0, B S AR 5 B PR 3R S0 45 2R SR T = R =T B o 8 T 23 A 32 2R AT A0 AL,
SDBS R 1 dic A 1. 2056k o BFSE 5 SRR B, ZnO AL 75 X SDBS A7 R 4F 1 [ A 280 24 |, B8 PR 3R S 6 die A b 3 55 2
ZnO B iR 2 o/L, B T Z R 300 WL, IR 4 40 °CL,pH A 11, 7E B 2514 F SDBS B# 2R 91% Wi by 1t 415 1k 52 56 45
SRR, ZnO F i 588 7 T S 5 S T 280 W 58 BV BB, LR AR R A 2 A IRl 46 °CL ZnO 200
iR 2.8 /L, B TNy 246 W LI T8 458 SDBS B fif 256 8 1w AT 3K 929% . BT 45 21 g 26 T Ok B ORHE Ak 8 P B
fiff 2 7K T B 9] S T T R R A T T Bl

[SCSRIA1 ] Mol o7 T % 5 7 5 AT B 5 e B R B TR M

[(FESZES] X703 [XHtFRIRED] A [XEHS] 1005-829X(2022)08-0149-08

Optimization of ZnO-catalyzed ultrasonic degradation of sodium
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Abstract: Sodium dodecylbenzene sulfonate (SDBS) , an anionic surfactant with both hydrophilic and lipophilic
properties, is widely used in the cleaning operation of daily production and life, resulting in difficult to degrade or-
ganic wastewater that is hazardous to the water environment and human health. ZnO-catalyzed ultrasound was used
for degradation of SDBS, and the factors affecting the degradation effect of SDBS were investigated. The effects of
7Zn0 dosage, ultrasonic power, ultrasonic time, temperature and pH on the degradation of SDBS were investigated
by single-factor experiments. Subsequently, based on the results of single-factor experiments, a three-factor and
three-level response surface analysis was used for optimization to determine the optimal process conditions of SDBS
degradation. The results showed that ZnO-catalyzed ultrasound had a good degradation effect on SDBS. The optimal
treatment conditions in the single-factor experiment were as follows: ZnO dosage 2 g/L., ultrasonic power 300 W,
temperature 40 ‘C, pH 11, and the degradation rate of SDBS was 91%. The results of the response surface optimiza-
tion experiments showed that the interaction between ZnO dosage and ultrasonic power, and temperature and ultra-
sonic power was obvious, and the optimal degradation conditions were 46 ‘C, ZnO dosage of 2.8 g/L. and ultrasonic
power of 246 W. The degradation rate of SDBS under these conditions was up to 92%. The results provide a theoreti-
cal basis for the catalytic ultrasonic degradation of anionic surfactants in wastewater by semiconductor materials.
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Fig. 1 Standard curve of SDBS mass concentration
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Fig. 2 Effects of different treatment methods on
degradation of SDBS
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Table 1  Effect of ultrasonic working time on SDBS removal

E 0.5 1.0 1.5 2.0 2.5 3.0
¥ figt %1% 2936 50.8 71.18 78.41 83.63 88.85
SDBS/(mg-L™") 70.64 492 28.82 21.59 1637 11.15

Hi 2% 1 W] 1, SDBS [ fiff 5 |5 e 75 A J1T B i) ) SiE
KM K, 72 0~1.5 h 3t [l (N SDBS B fig i , 1.5 h i)
R 2R3 T1% . 1.5~3 h N B AR 3 R AH T 2518 ,3 h
R i SR AN K 19% . 7 ZnO 48 1k 48 75 % fif SDBS
R AR K S R R R E AR R A
F 5Ll A [ R 2R AUk B A B SDBS; B 7 7 1Y
SRAGT , Zn0 23 & A B RDG M B FBRAE 7 A T
Z 5L [ W T i — 28 2B SDBS. M 75 7R F
] K, 25 A A R, 28 fh o B RIS, AL O e i
RS,

222 EALF A0 B ¥ h

TEH IR R 300 W pH ol 1136 40 °C R
FE B[R] 24 3 h 9 45 74 7 AL 38 100 mg/L /9 SDBS %
K, % 8% Zn0 A0 X SDBS [ i R 1 52 0, 4 4 2
Jis o

Yo Zn0 bk 2~4 o/L I, Fr 2 SDBS Jfi f ¥ i
BE ZnO B9 3G i Th s B fd R BEAR . 2 Zn0 3K B —
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Table 3 Effect of ultrasonic power on SDBS removal

TR IW 100 200 300 400 500
% A R 1% 59.06 83.63 88.96 78.72 6.75
SDBS/(mg-L™")  40.94 16.37 11.04 21.28 38.25

Hi 2% 3 0] L, A ) - AE 100~300 W I, Fifi %5 1)
SRR 2 ARV B 22 3 8 PR 2 R A
S5 TR, ZnO 768 7 AL T = A 5 3k g ol 3, i
— e T 4F SDBS Y B AR . A5 R BN S
2k 300 W B, SDBS [ fif 32 1K 31 i 55 {1 85% . 1
R I AR T 300 W, SDBS B fife 505 s i T
B 25 7 ) S 3 i, S 3 [ P 3 22 R AR L R R Y
JUHAE R, KA K AR T SDBS [ B 30% . )
b, 7 Ty 3 5k i 2 R A 0 7 AR 59 ks sk

5 KT G ) 1 B A
224 RBEM YR

FEAEAL T BN &R 2 o/ L 75 D% 300 W pH
11 KRR AE R R 3 h A 44 A B 100 mg/L Y
SDBS J& /K , % 2 i %t SDBS [ fift A 52 1), 40 3 4
Ji7s o
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Table 4  Effect of temperature on SDBS removal

W EIC 20 30 40 50 60
[ A 2R 1% 72.63 87.62 89.32 75.1 67.17
SDBS/(mg-L')  27.37 12.38 10.68 24.9 32.83
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Table 5 Effect of initial concentration on SDBS removal

WG R/ (mg-1L7') 25 50 100 200 400
I itk ./ %% 97.9  93.16 89.65 51.24 35.96
SDBS/(mg-L™") 2.1 6.84 1035 48.76 64.03

26 5 0T 1, B 25 SDBS ) 4 J5t e v B B 184 i
WA fife 75 T W I AT 5 24 SDB'S Jo b vk J3 35 3] — SE (B I
ZnO F [ 9% SDBS B 55 , 1 M A7 8w 4 4, 52 i
23 A Y A, DT ok AU o A R
2.2.6 pH#HH

TEEALFIBENN TR 2 o/L R TR R 300 W i
k40 °CLHE 7 TAERFE A 3 h i 544 T 2L B 100 mg/L
i SDBS J& 7K , % %% pH Xf SDBS & i R 520 , i35 6
i
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Table 6  Effect of pH on SDBS removal

pH 3 5 7 9 11
ok ik 2/ %% 87.88 80.19 71.23 64.54 48.45
SDBS/(mg-L7") 1212 19.81 28.77 3546  51.55

W pH X A WL I AR KEZm ., h&e6
Al UL, SDBS B i 2R B pH A9 3 i R4S . 5 b
(pH M 7) Fag ML 25 448 (pH S 1) M Eb , R 1 45 14 (pH
S 3) B R T A A AR & ZnO fiEARAE T . e
Ah, pH B AL AS SDBS 43 -3 i 4 fe i A Wi 1R 3R 1 5
SARTE ful Y R T2 PR R NSO X TR S AR
T F I e i e PR AR A N R AR g R . 2 pH
T R A R RO B, SDBS 43 F TE ik i A S
DX, FURE TR B DX BN, TG 125 42 floh J2 8% 1) 5 R ) 3
s Rz 252 m . i SDBSIE /KA pH R 11, %
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Table 7 Response surface experiment factor level and coding
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Table 8 Experimental design and results

o) ‘ZEJ}Z: znoﬁtu% IR I fiff
(X)rc (X,)/(g-L™") (X,)IW (V)%
1 30 2.5 200 76.67
2 30 2 250 73.66
3 40 2.5 250 89.54
4 40 2 200 83.23
5 40 2.5 250 89.94
6 50 2.5 300 81.82
7 40 3 200 85.59
8 40 2 300 67.7
9 50 3 250 89.9
10 40 2.5 250 90.14
11 40 3 300 81.89
12 30 2.5 300 64.56
13 50 2 250 88.71
14 40 2.5 250 89.34
15 40 2.5 250 89.74
16 50 2.5 200 83.75
17 30 3 250 79.02

Y=-157.048 75+3.805 12X, +24.690 00X, +1.043 47X , -
0.208 500X, X,+0.005 090X, X,—0.118 300X, X, -

0.049 100X, X7 -8.030 00X;-0.003 252X? (2)
i3 77 22 43 Bt (ANOV A ) K6 A 5 1F 8L 4 — vk ith
THT M) 7 TR A2 75 Jo i ) S 2 kL LR 9
R HEHWER

Table 9 Results of variance analysis

TPk E M AmE M F{H Prod>F{H &M

A 101641 9 112.93  47.67 0.000 1 &
A-X,  315.88 1 31588 13334 <0.0001 WERE
B-X,  66.70 1 6670 28.16 0.0011 @R
C-X, 138.36 1 138.36  58.40 0.0011 @R
AB 4.35 1 4.35 1.84 02176 ARFH
AC 2591 1 2591 1094 0.0130 wE
BC 34.99 1 3499 1477 0.0063 HERE
A2 101.51 1 101.51 42.85 0.0003 @R
B? 16.97 1 1697 7.16  0.0317 W
c? 278.30 1 278.30 117.48 <0.000 1 5 B3
52 16.58 7 2.37
I U 16.18 3 539 5394 0.0011 HERE
a2 0.400 0 4 0.1000

axill 103299 16

T P<0.01 PR F ML 35 B g 27 P<0.05 R W, P>0.05 R B
0¥,

FH9n A A FAE 4767, 8 KT 1, %M
AR, [FIRE R ZnO B B A R 3
AR R TR FAE 5> %)k 133.34.28.16.58.40, 5% K T
1, 2% W 0] f 26 th K RO g s e 34 5 2 L TR EE .
ZnO 12 FEE 7 T 260 1 1 P AE $4<0.05 , 1 BH
EAT BRSO R B A, AC BC X 2 RS

TR X I B P A <0.05, AB XF i F) P {8 >0.05 , % 1]
B S AR H B EFEY  In0 BN 5T
R HAEREERES Zn0 8 E2 BAE A W
F o OB PE REC(RY) O 98.39%, 1 IF T R K
(R%;) 9 99.33% , /s B B A 98.39% 11 A 3 54 1 1y
I {E, R 22 AR 0.67% ;78 5 REL(CV)
1.86%<10% , 7 M b0 23.074 3>4,

233 RENHN

B 25 SR R TS TR 1 2 B 5 S5 90 A 70 45 1
T Z 1) 9 2248 . JLrr, N2 AR b gk 25 ok 3%
73 T Al 25 i 25 S B (B S T A f) R B L R AR R Ak
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WA A A3 S M N S AR A (1 5K 22
P an & 3 s .

WK 3(a) iR, L5 8 S8 5 e G B
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B 5 WO (E A R A1 4t 56 25 2B R LA A
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234 REZESH
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T &1 S A v 2 I, AL 4 s

P4 AR 2 3 R AT B A R R
B, 2% 5 55 Ah 24 B 2 19 38 BAR T AT SDBS R fiff 52 (1)
S ) M) 7 L 2 it E A PR 3R 1 AR b S TR R R,
¢ W 2% R 3R 389 BE A 52 56 /K O 98 L FR B R AR (E
M 3 TR i i, 306 B 2 B BRI 2R 11 58 B A T R
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Fig. 3 Residual diagram of experimental model
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Fig. 4 The interaction between different factors affects the SDBS removal effect
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Table 10 Effect of ZnO cycles on SDBS removal

G Al FH B0 1 2 3
SDBS [ fift /% 89 80 56

F 2 10 7] O, 3542 R IS ZnO B 8 Ak 2% 58 B
TR R T BEAE T2 (1)Zn0 248 75 3R AL IS 25 1 52
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FR Ak B B R AR T BE AR SDBS B fiff 5
2.5 fECBEMBYLER

ZnO JEAY B 75 [ SDBS 19 7] REBLIE A& 5 s

H,0
Cos

B
LA 0,
@k C.

SIHTERG. HR. BBk ~H0

AL

5|

HE ) on
BE5 fEiERE

Fig. 5 Schematic diagram of catalytic degradation
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