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Microwave enhanced Fenton-SBBR combining process for treatment of
DMSO-containing wastewater
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Abstract: A microwave enhanced sensitized Fenton system is used for treating DMSO-containing wastewater. The
effects of microwave irradiation time, microwave power, pH value, H,0, dosage, dosing method, and Fe®*/H,0, molar
ratio on the removal rate of DMSO are explored.It is found that the removal rate of DMSO from wastewater can reach as
high as 98. 85% when the initial mass concentration of DMSO-containing wastewater is 50 g+L™" microwave irradiation
lasts for 5 min, microwave power is 240 W and H, 0, dosage is 5 mL-min"" the molar ratio of Fe**/H,0, is 1/16 and pH
is not adjusted.The residual wastewater after treatment by microwave-enhanced Fenton method is further treated by SBBR

method ,and the removal rate of DMSO from wastewater with a mass concentration lower than 1.1 g-L™" is stable above
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90% under normal operation conditions.
Key words : microwave ; Fenton; SBBR; DMSO

AR ( DMSO) AR —Fh & i TG G, v]
3 e Tl KRR T B A B o TS Y AR OK RN
F 1867 47, W7 Ll - KW g 44y - Rk Rl ad
A H L6 ( DMS) 3R45 — B L AR ( DMSO) LA
K, DMSO YE A HLAFILER 25 AR &Pl T
SEAAFE Tz AN B 22k 1 DMSO HE
RS S AT H 45 ¢, A BF5E KT, DMSO
%) SO e 3 5 T 32 300,24 600 mg/L il 400 mg/L
S3RE 828 K Az TC A HE S W K A A ) ER A TG
E D DMSO X A 4 REE AT g 1 K 0142 fik 1 Jik
Xof VR AP 5 R RS BRI, b TR
FFNIASE A e, DMSO 2 7K 4b #3678 JE BE . 2 H Al
1k, DMSO AT IEAIR Z X T4 5 i A Wk
Jeiid, B K A7 AE DMSO H A 1R 5 1 f& 3 1 A 2

P, 1 H. BOD,/COD Z HeIf AN BRAR 3 1 A= ) 5% fi
{1477 20 LA K B T R, T AR AR AR 2200 0 24
DMSO J5i 2 ¥ B M) 3 o/L I, 1% 55 1 A oy ik 3 7
A T PR TR I T EER A EE Ak
SRAETT T TEAS AR K AL B AR e i Y R
AT 20 (AOPs ) X X A= oy e i 1) v Jo o e 3 75
Y CEE S A B A AL ER D vk . HAT, R T
DMSO J% 7K 3 B2 R A% 18 AR Ab #2455 28k 17 A
W TR XIS R B DMSO (1 /L) R A
A A AR DA B A W Ak B AT R 5 HL RS B R
SR ot H e SR e R K ST D

2 Db iR R DMSO (50 g/L) WX,
SR AL Fenton T 20 AP Hh 5 i s 4R B DMSO
PR WIESE T VMBI A pH B I ] folcie ik B LA

Y f5 B H#A.2021-10-25; & B H #§:2022-08-07

BEEWH . HKTHEZ A SFEHE AR5 H (KIQN201904503)

YEE BT 254 A (1989-) , Lo At YFU, AT 58 5 1) A K 5 Bl L 137621831 @ qq. com; BRE R (1965-) , 53, Wit 3082, WFFT U5 1) 7Ky e ds

il TR, 38 IR A, 372505096@ qq.com,,



2022 F 10 B

K H,0, FeSO, - 7TH,0 myH it M8 hnr X 5 # 4k
SRR, e BT R R B DMSO J 7K it ik
JERE 2 0] AR ) A B L, JF 45 & SBBR A X K
Fenton /K7t —2EAb 3

1 SIGERS

1.1 EKKFIFN{LER

JEIK A — Fenton B S23G K S IRIE 25T A=
77 P K B T A, B HE VR B 50 ¢/ L; SBBR BEE
IK R FE L% - Fenton Bt B K (W 0.5 ~
1.3 /L) W3ERE E, % COD 400 mg/L A% T57K ,
fE4 SBBR [y gk

%71:30% H,0, .NaOH .H,S0, .FeSO, -7H,0 LA
Je DMSO, #4124 504 4k

XA : Agilent]1100 AR €354 ; pH-3C PRIEEAY;
WBFY -201 U fai se il
1.2 K\wA*E
1.2.1 %% —Fenton T%

HC 1 479 50 ¢/ DMSO it /K 100 mlL, i i
H,S0, 5 NaOH %A TT pH, 4 NaOH 358 4 il 78
40 ¢/L,H,S0, MIZEHE 1 1R BRIR, B —E R
FeSO, -7H,0 5 H,0, AR S s , ¥ B2 4%
PFRCB I D R S ] | 480 — BE 1R] A48 B8 22 ) 6
FE SN # B IR 85 5T, SR B ALY DMSO it
1.2.2 SBBR XEA 7%

SBBR S i FH A AL B 55 4 2 A% 24 DxH =
300x500 mm, LR 10 L, NI EE A 60% 1) R
P CBRIURL, W 1 s, 32 K v A 42 il Yk
BE KV IR SEE R 60 mm,,

h%ﬂﬁ
k%ibﬁQ—Q—"J‘
WSS [ T mm
-
< ok E0R 1T|:':H7J(III
= M4 — ke
WA Wgﬁgm é‘ﬁi?ﬁiﬁz‘éﬁﬁ
i 3
ﬁF%F [ OJD

K1 SBBR R Ju#7r&EE

Y R 24 T35 K AR B P TS U8 10 L UTHE,
F 5 LW RUR I SRR IK 18] BV g Ao AT Ak
BTG K B R R RO, SRR 5 T SO AR A K
B AP A ], DUT R R RARS, 2 d e

EHHZH U -Fenton-SBBR BE& T Z 3 DMSO EKALIBHVIHZR - 181 -

RS, 200t 0.5 h UCTE, HE IR, AT
K BIRBIURL, AR S X HE RS e AT R 3R, Ol
— MR A G Z TR A K S S EOA
RS FEE ORI B 0T AR S e LA
NI AET. . A RGIEH BT R T~ , B
A FE W AL BEK FE B 20% 33 589 R K | ARAE H AR TS
IKFEIR A5 K i Lo 2 e in - ey B s S g
FHBATIRIT Ry it 7K - B R - IvE - oK, g s
8 h it 3 h TLUE 0.5 h HE/KF KL 0.5 h, LA
12 h 2y 1 A IsAT JE . OR35S0 I Bl 27°C
DO Tk 4. 0 mg/L, IEH #E7K DMSO %) 46 it
B 500 mg/L, 4 K BRFFLEFE 90% LA LB,
P21 DMSO it ik B, B % SO g 3 15t
1.3 MWEFE

DSMO R i R0 AR 835 3647 00 s , I 45
e {8 3% A Promosil C18 £ (5 pm, 4.6 mm X
250 mm) ; HEEEE K 20 pL, >R H,0/CH,OH i 3h
AAZR, I EARFREL S 70 :30, & I3 K 9 214 nm,
WHHK 0.5 mL/min, £ 8B [E] R 5. 3 min,

2 GRS

2.1 H,0, M7 XX K -Fenton 4 IR
A1)

B2 # 100 mL 50 g/L DMSO Pt /K & T 2 i #
RIS pH oA 5, TR IS 240 W, REE
T Fe?/H,0% BE/R R 1/16, 43 5l 1) 3% 2 4l 4% 45 4%
BRI 1 mL 30% H,0, f 7 min F—XPERN 7 mLL
30% H,0, il 7 min, M 3 min FF 4555340 BUEE,
WA DMSO SR vk B anp 2 s, i 2 el LB
T H,0, 285 43 ik T8 SO BE 5 8 HL B i
A IR T, Aok 45 & 5 DMSO & i1 H,0, A
Fronfie, BV S0 ) ) 4k B2 A8 K il AR & b B
H,0,,DMSO EBRFIFFARSE S ; M-t i 1,0,

651 1
60_
55+
8 so-
¥ a5t
&40_
H
351
301
25_ 1 1 1 1 1
3 4 5 6 7
B [E] /min

1—&4 40 1 mL H,0, ;2——® M 7 mL H,0,

B2 H,0, % 6w E



- 182 - I AK AL T

BARIFIR T H,0, REEAR R , RFRAUR B2 (A B
£ H,0, MAWINA, 75 KN 3R 46— A SR
IKAELE  $i i T OB K I ) FH 2% il 45 76 AH 8] 5%
T BR RO AT WS 22 55K 3 2R Ay ik #0m
H,0, 71k,
2.2 H,O0, ¥ ME 5 R 4E R B 8 X3 {4 —Fenton
LSz

£ Fe VERR i AL SR W 77 46 - OHL 7
g AR VE R KA ML B i T LAAS [R) 9 3 4
UM 20 B R Y A BRASCR A IR ], S5
e &R E H,0, OBEAETT Sshntsr g, i ik
TR 2% B =R B, w5 A A 43 iy
B Bh0m H,0, 5L, [R]EHf 8 9 I 3B R 48
i H,0,/Fe BEIR L 16 1, i8R WI 44 pH N 5, 9
BRI ETE 240 W, filisl Ab B ] 5 5 Sk
A EX PSR AN E 3 i, hE 3
ATLLE H, 4 H,0, A B 20, L5
DSMO FYRLRAG B8 & TEHR A ZIBF] 5 mL B, X
B RO AT B xR A e, o th B LB ek
TRAREDE . BRI B T RN TR A T - OH, 55 4R
EE AR Fe™ T84 RN, - OH iy A 7= i
b REgE AR R —ER 4> DMSO, A it DMSO
FBRRAE ; Ml A S A A BRI, - OH
(e BE WA AT BT, I DMSO 18 22 B R th 7 12
w L HYS RGP £ H,0, B4 i s Te sk
fif, 21 H,0, /A E A % HO, -, BN A
LT R ), fd 75 DMSO 25 [ 3 s i T R[]
AsF, it S D0 s ] 4 38 T, DMSO B 2% B R 1% 7 T
1o, R F AR 5 mL 93X 4R ROl U, 7R S
min I EFRRE K F] 98. 53% ; kL4 H,0, , B hn
TR ] AR R B S BB S AN B I fe s L B IA 3
98.97% , H i+ H,0, B &K H] 5 mL/min, filJ
JZW 5 min,

100 5 3 ——3——%—3%
90f 6 N: Mgt T
. 80f N 1
T 70 v m2 3
% 60 /x/ 1
1 S0 ///
or g L
0 ¢
20_ 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9
B} ) /min

1—2.0 mL;2—3. 0 mL;3—3. 5 mL;4—4. 0 mL;5—4. 5 mL;
6—5.0 mL;7—5. 5 mL
M3 ki ERESHEEMERNE
X AL 38 S

E42BE 10 H

2.3 Fe*'/H,0, BE/R Lt 3¢ 34 il —Fenton 4b 32 %
L0k

7 24 100 mL DMSO FC/K & T [ b e H, i il
WILG pH A 5, Tk T % By 240 W, S VE H
5 min, G4 5 mL H,0, , %285 22 58 B /R
Eb X bR R, W 4 fis . B 4 dhaT L
F TR AR e N H,0, 4304
-OH,{H Fe™ i —E )5, Fe™ &M - OH KA %
N, A BB R, P ECRBR R TR, Sl s
1,172 S de R AR JEE R L AR SR B IR AR
TR Fe® /H,0, BEIR LUAT) A AR &5 1Y 25 BR 3
(98%LA I+) ,Fe** /H,0, FE/R I HT 1/16 #2555 1/2,
FBRFH 98. 72% AN = & 99. 02% , 1t W 7E i i B
[FIFEFT , Fe™ 1 M fi Ak AB 6% B 4 db & #4E FH  ii
AEPER R 454 H K DMSO 1R DL K 15 24
ARLES i R Fe /H,0, BEIR R 1/16 M58
B 5514, FeSO, - TH,0 12 6 g,

99.2 1000 £

9.0r e /1 {900 o

98.8F .~ S / <

g OO e/ {800 5

,@_98.6‘ \/ 700 =

& 984 />\ | @
. 4\ {600

982f = — \, 2

980F . . S s0 =

1 1 1 1 1 1 1 n

T8 12 103 14 108 1i6 153270 2

n(Fe*): n(H,0,)
1—DMSO K ik ;2—EFRR
K4 Fe 5 H,0, #1 i th& bt 4 B R 09 %

2.4 LK ThE K -Fenton &I 3R KIS M0

B 5 20 100 mL DMSO fic /K & T & i #% 7,
DMSO ¥ ¥IHE pH A 5,Fe® /H,0, FE/RIL N 1/16,
B4 5 mL H,0, , MIE/EH 5 min, 555000
TIRXF DMSO BRI sEm, g 5 i, s
AT DA YR I ARG, BRI,
RO TR & 5 ok AE 1, BRI R N i
fbi, Pt & = Az - OH, BB N IS 24+, 24
DIFGRE| T 240 W B, 15 2] 55 o AR 2 BR R

100+
90
80
701
60
50
40

ZBRE %

80 240 400 640 800
WP hFEIW

B 5 Bk sy R LERRE



2022 F 10 B

97.62% . WFHIIZMEIG , KRR A A R
Ak TR R TEFE] 800 WO, R E IR N
98.93% , AL HE 5 1.31%, it R J2& D) R 3k oK 25 34
H,0, M TCRL it , 1 R BE IR TR 3% . BRIk,
T DI 2R 240 W,
2.5 pH X313 —Fenton b2 3R A 20

B 6 21 100 mL DMSO Fi/K & F R, HEA
SEAL TR S A B ER X pH R AT 05T, K AN [R) 21 3l
JEIK ) pH BEATIEY, 0 56 4 2.0,3.0,4.0,
5.0,6.0 F1 7.0, kP40l 240 W, I} [6] 2
5 min, BB FEA 5 mL i A AR, Fe™ /H,0,
JEEIR F 45 il 7 1/16, %88 pH X DMSO J& 7K &b BE%Y
Rsgm, g 6 fro, mIE 6 T, FEE/INY pH
W, Y 2 BAT Fe® 1942 B, A F T2 B 7 1 A
R, W 2 LR, M pH ST 5
I, R E, N 98.85%; 2 5 pH AWt s, £
BRRHRWIE D, X & T pH a3 B, Fe™ 2T 1%
UUUE , RS TR R VR ALY Fe™ BV B, BEAR
WY - OH ¥k B, Rtk DMSO 1Y 25 B R ALl 22 %
7 ARSI R I pH B AR pH R 5. SEER
LRI A S PR FIVE A, 3R 98 TR R pH N
T 7E pH 3~7 W HEmER S5 T RO, B RERS 2R
L) DMSO AbFAL R ( L BRFik 97.8% LU |) . H
LA DMSO 2K s Wk R A, T HIR
R R, B R R R BR R T, Zad il Fenton
ALBR S B9 UK, DMSO Hi K 5 i R A5 7E 600 ~
1122 mg/L, AR PR T A B 25
THFE T 2 1 &0 WA, W 22 1% K R F AR vk
(SBBR) # AT AbHH

100+
95
90
85
80
151
70

EBRE/%

3 3 4 5 6 17
pH

K6 pH xR %H

2.6 SBBR /% i 3% X} i —Fenton 47k f# DMSO

SN etk 7K ) DMSO Ji 4 9 % J2 DMSO 25
BRBANE 7 PR, R T R i 9 ml AR 4
HiTE B V5 KRR DMSO J5it it vk B 4% BB i 35 20 2
o, R 0 mg/L B4 EFHE 1332 mg/L,

EHHZH U -Fenton-SBBR BE& T Z 3 DMSO EKALIBHVIHZR - 183 -

$E15 1 IR DMSO #EK e B, BERRAB A — &
(e Bl R BAR R A 28 0% BT JEARAE 6~ 8 N
WIRIKE B R IR (90% A7) o Fifi 5 S o] 40 1
Ko, Fhim B vk B J5 2R 40 T T K R B e R R R 1 S
N JE % W AR R, 7E R GE DMSO /K B ik B
1 100 mg/L ZE47 1, DMSO £ BRFR 0] 35 92.45% ,
IK TR Ky 82.76 mg/L, 4 HE/K DMSO i 1
BT 1332 mg/L A, RN BRI SR K,
H—HFAK, ZBRRH 77.13% £ 56.78% , 1F
10 ANz A7 EI AT IH 5 30 F B a3, B W % v
(T 5 e 1 2, K K AR 22, U B I 4
5t DMSO EA A=Y at: ot vl B2 aok oo 41 1) B g
PN W A K AR, SBBR N % 7E 1IE 4 38 17
THF, AT LA AR A9 5 K DMSO 1 7K 5 2 vk i o
1 111.69 mg/L,

771400 =100
mlzo()_ ~ ’A\AA\ A/AMA\ aa \\A

£ R [ H s

Q 1000 £ 20., -~ 1 <
& 800r - Lo{60 <
i 600 4 1 [T - @'
B [ J 140

g or 4 ! #
= a0 L Mool {20

£ 0 i XN R

[ S T T T SN SO SO T S S|

g 0 20 40 60 80 100 °

A F i) / J 39

1 — MK TR B 52— MUK TR R ;3 — Je B
H7 W DMSO B3 KR ERE
FE B By A 0 O

3 &g

(1) % FI I 156 & Fenton Ab B of 57 i ¥ J&
DMSO JE7/K (50 g/L) BY3d B4 A by« Il By 5y
240 W & PR 5FiF 1] & 5 min AR R JF K pH K 5,
H,0, # finf& & 5 mL/min, Fe**/H,0, FE /R LN
1/16, JLiF, DMSO 2Bk =1k 98. 85%

(2)H,0, EREVER T 2o i, IRl &
A 2 H,0, 2 ] BN AT, i ink A 3
DMSO JE7K B L 43k #0m H, 0, .

(3) BSk Fe’ /H,0, FefEEE /RN 172, (HAEH
R DMSO R &R b, ZE RO B RIE L IR
Fe™ /H,0, BE/R LA A AR & 19 K BR % (98% L 1),
VLIATE S B R T T, Fe?* 1 9 i 4k 5771 g 1% o 4
HRAEER , 28 Fe™ LI A HE A 242 5 DMSO
M2 BR%  Fe™ /H,0, BE/R L 1716 ] 172, ZBRR
1L HT 98. 72% 12 5 & 99. 02% , 1852 br TAE h, b 4%
A 7K DMSO Sk B LA T A AR SR B % T



. 184 -

(4) Z3d 0% Fenton Kb B S5 1 K 7K, DMSO
JK BB FEATITE 600~1 100 mg/L 247, L5 5% 1E,
RS KR AWk (SBBR) #EAT AR B, SBBR %
N ASTEIER 1217 T, v DL AR 5 K DMSO it
KFEWEE A 1111, 69 mg/L,

&% ik

[1] Park S J, Yoon T I, Bae ] H, et al. Biological treatment of
wastewater containing dimethyl sulphoxide from the semi-conductor
industry[ J ].Process Biochem,2001,36:579-589.

[2] Walker M. DMSO: Nature’s Healer [ M ]. New York: Avery
Publishing Group,1992.

[3] Matira E M,Chen T C,Lu M C,et al.Degradation of dimethyl sul-
foxide through flfluidized-bed Fenton process[ J].JbHazard Mater,
2015,300:218~-226.

[4] Chen T, Matira E, Lu M, et al. Degradation of dimethyl sulfoxide
through fluidized-bed Fenton process : Kinetic analysis[ J].Int J En-
viron Sei Technol,2016,13:1017-1028.

[5] Park S J, Yoon T I, Bae J H, et al. Biological treatment of
wastewater containing dimethyl sulphoxide from the semi-conductor
industry[ J ] .Process Biochemistry,2001,36(6) :579—-589.

[6] Kumar S G, Devi L G. Review on modified TiO, photocatalysis
under UV/visible light ; Selected results and related mechanisms on
interfacial charge carrier transfer dynamics[ J].Journal of Physical
Chemistry A,2011,115(46) .13211-13241.

[7] Cheng H H,Liu C B,Lei Y Y, et al.Biological treatment of DMSO-
containing wastewater from semiconductor industry under aerobic
and methanogenic conditions[ J ] .Chemosphere ,2019,236:124291.

[8] Fukushima T, Whang L M, Chen P C, et al. Linking TFT-LCD
waslewater treatment microbial

performance  to population

(E#&% 179 W)

[23] Liu Z Y,Huang E,Orozco I,et al. Water-promoted interfacial path-
ways in methane oxidation to methanol on a CeO,-Cu,O catalyst
[J].Science,2020,368(6490) :513-517.

[24] Koishybay A,Shantz D F.Water is the oxygen source for methanol
produced in partial oxidation of methane in a flow reactor over Cu-
SSZ-13[J].J Am Chem Soc,2020,142(28) :11962—-11966.

[25] Jeong Y R,Jung H,Kang J,et al.Continuous synthesis of methanol
from methane and steam over copper-mordenite [ J].ACS Catal,
2021,11(3) :1065-1070.

[26] Sun L L, Wang Y, Wang C M, et al. Water-involved methane-
selective catalytic oxidation by dioxygen over copper zeolites[ J].
Chem,2021,7(6) :1557-1568.

[27] Tsuchiya T,lizuka S J.Conversion of methane to methanol by a low-
pressure steam plasma[ J].Environ Eng Technol,2013,2(3) ;35—
39.

[28] Zhang H T, Liu Q.Kinetic study of nonequilibrium plasma-assisted

LA 4L T

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[29]

[30]

[31]

[32]

EAEZE 108

abundance of hyphomicrobium and thiobacillus spp[ J].Bioresource
Technology,2013,141(4) :131-137.

He S Y, et al. Degradation of dimethyl-sulfoxide-containing
wastewater using airlift bioreactor by polyvinyl-alcohol-immobilized
cell beads [ J]. Bioresource Technology, 2011, 102 ( 10) : 5609—
5616.

Lei C N, Whang R M, Chen R C.Biological treatment of thin-film
transistor liquid crystal display ( TFT-LCD ) wastewater using
aerobic and anoxic/oxic sequencing batch reactors [ J .
Chemosphere ,2010,81(1) :57-64.

TERAT U 5 HE 24 B B SV AN YRR R 2 R AL S ok
(1] M4LT.,2017,45(1) :88-89.

R BH 80255, W22 I B 27 i 2 7 IR K DMSO 14 158 43 B vk 4
WRFE[ 1] A5 T4 ,2013,30(5) :30-34.

Atazadeh A, Ameri E.Synthesis of PMHS-PDMS composite mem-
branes embedded with silica nanoparticles and their application to
separate of DMSO from aqueous solutions [ J ]. Polymer Bulletin,
2021,78:5003-5028.

R RIS B A AF 3R T OH & SO, -~ M AL B AR
WEfE DMSO /K [J]. Tolk/KALHE,2020,40(6) :76-79.
Behrouzeh M, Abbasi M, Osfouri S, et al.Treatment of DMSO and
DMAC wastewaters of various industries by employing Fenton
process : Process performance and kinetics study[ J].Journal of En-
vironmental Chemical Engineering,2019,8( 1) :103597.

Lee Y,Lee C,Yoon J.Kinetics and mechanisms of DMSO ( dimeth-
ylsulfoxide ) ~degradation by UV/H,0, process [ J ]. Water
Research,2004,38(10) ;:2579-2588.

Alizadeh S, Fallah N, Nikazar M. Synthesis and characterization of
direct Z-scheme CdS/TiO, nanocatalyst and evaluate its photodeg-
radation efficiency in wastewater treatment systems [ J |. Chemical

Papers,2020,74:133-143.1

methane steam reforming [ J ]. Mathematical Problems in
Engineering,2014,2014.1-10.

Neyts E C, Osrrikov K, Sunkara M K, et al.plasma catalysis ; Syner-
gistic effects at the nanoscale[ J].Chem Rev,2015,115, (24):
13408~ 13446.

EI-Shafie M, Kambara S, Hayakawa Y.One-dimensional simulation
of hydrogen production kinetic models by water vapor plasmolysis in
a DBD plate reactor [ J ]. Journal of Theoretical and Applied
Physics,2020,14(2) :181-194.

Du H,Ma X Y, Yan P F,et al.Catalytic furfural hydrogenation to
furfuryl alcohol over Cu/SiO, catalysts: A comparative study of the
preparation methods [ J ]. Fuel Processing Technology, 2019, 193
221-231.

Liu J J,He P,Wang L G, et al.An efficient and stable Cu/SiO, cat-
alyst for the syntheses of ethylene glycol and methanol via chemose-
lective hydrogenation of ethylene carbonate[ J].Chinese Journal of

Catalysis,2018,39.:1283-1293. 1



