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AU LG, R —ME . B IENKAEEE AR EAEDLTT .

A ST R VR H AR V5 344, A UV 4k O, F PS X & 1 K AT AL 3 . XF UV/O;.
UV/PS. UV/O,/PS &5 T. 25X Rl 9 L BR AR 50 b 0047 e JF X pH. O, # it 2 PS i
SR R IEATOESE ;. WRE, XN SN . A T AE VR IEAT T, RNV, N
UV/O,/PS KA T 25 XF 7 B IR 7K 19 e i $i2 38 o] 5 1 BRI il
1 #Rl5E*%

1.1 XTS5

D KH . AW (CH,0) .« A HEREN (Na,S,0) « AR LH (NaOH) . ZRF AL (K [Fe(CN)]) . 4-
RIELLF LA (C H;N,0) . B R S (NaHCO;) . BT B (C,H,,0) . & bék NH,Cl) , ¥ R4r#r
afi; &K (NHyH,O, 25%~28%) ; BilR (H,SO,, 98%) ; Jo/K Z W (C,HO, 99.5%) ; A& EE
FKo

) UE% . RE KA (ICT-10, 3 E Mellifig 1 FRA Al 5 R W B IDEAL-2000, Jb50# &
R ABRA TR ; AR ERIAL (DOS-1F B, Jbai-t 2 dE FRMABRAFR) ; L4658
FE 11 (DR6000, 36 [ W Ay /K Bt 4r T A a8 A BR 2 w6, TR B vk B i o it 40 B 5 W% 8l 22 (BT100-
1L, fRE2AREREARAT) ;3 L4MT (NLC-050, 40 W, TAEBK 253.7 nm, #& &5 KRG E R
HARAF) ; BA AR B (TOC-Leph, H ARG EARAF) , HF TOC W& &3 H7; pH it
(S400-B, LigMgFEEFER ZRHECA R AR . HF R R W AT )5 %) pH i ; ESR 43 #7{¢ (JEOL FA-
200, HAHBFARAF) .
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Fig. 1 Experimental device diagram
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K. f, B UV/IO/PS KRS UV/O;, PSIKRMEMFEIE T £ B UV/O,/PS AR5 UV/PS, O, KR
PhIE K75 £, UV/IOYPS 1K R 5 OyPS. UV KRB ¥ f, 8 UV/IO/PS AR 5 UV, O,
PSR R EAEIH 75 »(UV/O/PS) . r(UV/O,) . r(UV/PS) . r(O/PS) . r(UV). r(0,) . r(PS)4>
M UV/O/PS, UV/O,, UV/PS, UV, O;. PS JZ W& Z 2K A LR E

3) SN B SR SR T 2P X 3 Rl AR ACR W 0 T HEAT LR, X R R R AT T
A o RS O, F1 A Fr BE 0 RN AT AT RO, B, B 2E i AR LK (5).
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B2 6) AT, AR (7).

= (ko,Co, + krosCros)C = kC (6)

In(C/Cy) = —k @)
Ko Cﬁﬁﬁﬁﬁﬂﬁﬁﬁﬂﬁﬁﬁmrﬁ, mg' L™ C, WU 2K B B S k%, mgL™'; kMl —%
RV 12588, min's ¢ EFE], min,
1.4 SWFEE

O, i M % ] O, Wk B AR M 3 pH ER FH pH 3HIU5E 5 B HLER I & 5% ] TOC 43 M A% ; 2K
Py o 2 VA 3 R FH HI503-2009 (1) 4-28 L4285 LU AR 0 6 BRI s B e S8R T B e L R 0 i
A (ESR) K, i A 5,5-— - 1-niL i BE -N-4 {6 ) (DMPO) X} UV/Oy/PS Jz b 4 Z v ™= A 1 [ Hy ik
HEATHIAR , A UV/Oy/PS K Z rh AR G M) it 5 DMPO JE & 4, O #E 58 By 3.5%107
T. FREE N 1x10° T, #%H 9.5 GHz, TIHH 2.25 mW,
2 #HR518
2.1 AEILEXKEPHIIE R

AN TR 20 00 T A Ak SR R L UL 20 S B ) 25 mge LT A R B B 8L % K, J?7J< pH=6;
Na,S,0, % fil &t ¥ 1 mmol-L™"; O, it & ¥k B 4 50 mg-L™'. A Ui & 200 mL-min', #& 315,
O, FANH A 10 mg'min'; JF/K TOC K 18.56 mg-L ™', &l 2(a) N AS[A] T 204K £ % 2K E’Jﬂ,’%xﬁz%o Gl
VLF HH UV/Oy/PS 14 Z2 AH Lb HLAth AR 2 06 28 M 19 3% i R B A B — 19 O, BCER — 119 PS X 2 13 7 o6 fi
AE 1355 . |V 3 min BF, UV/O4/PS 1A F X 28 By (1 2Bk %35 70.56%, UV/O, 5 UV/PS 1A R X £ B 1)
FBRR 5K 19.78% F 41.85% . Fifi 35 B o7 B[R] B4 4 4K, 4% 5 g AR 2 %o 4 3 1) 25 B 80 36 X o T 42
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Fig. 2 Comparison of phenol degradation and mineralization effects of different processes
o 4R IK F 15 min B, UV/Oy/PS IR 2 XK B 1 £ B % 2 4235 3] 98.78%, 1l UV/O, 1K & i
UV/PS Kk & H ik % 87.04% 1 89.19%.

Kl 2(b) R0 T B I ok A8 v AN ] e A R 6 R i AR . T RVE ROV HEAT 15 min 5,
UV/O,/PS 1K R X K By A AR I FVE T, B4k R AT 3k 66.33%, 1 UV/O, 5 UV/ PS 1A X 2K B it 4™
bR 50 K 18.97% F1 26.4% ., i LA 45 a1, UV/O./PS R4 T. 2%k 2 By [ e AN AL A ¥ 48 T
UV/O; Fl UV/PS AR & , R 52X 2R B 9 b AR UL St il o BRI AT REJZ . O J2 — Fhii A1k
R, AR A B BN, M R SCE AR, PS5 O (0L, AfRFEEAIRH 201V, Hik
TR kR, R RN R A RN, TR0, i PSIRR, £ UVEMIAT, O,&H
1 8 X R B A R AR TR FL A B R (1.8~2.7 V) AN B A e B R B 58 B 38 ((OH) , AT R I 42 =
FEfRRE 1. 1 UV/OyPS IR R A HLAL UV/O, IR &R, PS7E5Z % UV 1L )5 2 /=4 -OH MIFL PR R H %
(-SO,) , Hoh, SO, WA & AR JF B 7 (2.5~3.1V) HA B4 %, Jf H SO, kil A
Eb-OH B iy 2 3 1 X 0 ) (1) pH 3& FHYE B, Bt , 78 UV/O, R &R 5] A PS g i 5 S AL 9
i WEAE, & UV/O/PS IR R AR T HAAR R BA Ry BE MR . 0 kA i =25 .

22 RNBEWHESH

JRL B 12 M g SR E 3 iR . ATLLE H: UV/O,. UV/PS. UV/Oy/PS T. 25 XF A 1 B fif 1
A WE— R B Sy 2B R R B 1 2E BRI R 1 TR . UV/O,/PS T 25 Y K2Ry 2R KR 0.269 9
min', & F UV/O, L Z i 0.143 1 min' Fl
UV/PS T. 214 0.146 8 min', 1 ] UV/O,/PS #% : gzjl?s
G LAY SN 3 AT, X 2R Wy 1Y) R i 4 UV/O/PS,
o R, A AR Y 6 min B, P -1r
R T fiv fis fis [ 23519 1.87, 140, 3.38 F < Ll
383; W 15min/s, HhEEHET £, £, fis =
L0510 1,01, 1.01, 1.55 1 1.85. ikl i,

UV/O,/PS T. 2t BA K Ui B[R] %0 . “r
23 EMWMAESH =5 - - s . -
0 3 6 9 12 15
D) O, F It B2 m . 7 [a] O, $hn & X% 48 i f/min
Ty 56 i () 52 i) G0 2] 4 BT s, N SR B O, % 3 E—REREHNFME L

MmENS 21 & HMEE ., ffLIES, b Fig. 3  Fitting curve of quasi first order reaction kinetics
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Table 1  Quasi first order kinetic parameters of different processes

T LA KR/ min”! R I

UV/0,/PS 0.269 9 0.988 3 In(C/Cy)=—0.269 91-0.287 1
UV/0, 0.143 1 0.9815 In(C/Cy)=—0.143 1£+0.192 9
UV/PS 0.146 8 0.988 0 In(C/C,)=-0.146 8:-0.058 8

*/*7—’_: or
% 60 - —a— 6 mg * min~!
ol —e— 10 mg * min™' /i
S S
:+ 60 | M
& ﬁ_ﬂ»{’ 40
o M
& 40t L g8 30r
#% —a— 6 mg - min- =
—e— 10 mg - min~! 20
20 +
10
O 1 1 1 1 1 0 1 1 1 1 1
0 3 6 9 12 15 0 3 6 9 12 15
[+ &) /min [+ 8] /min
(a) FEMEBRAXT L (b) TOCERR=XTH

El 4 O, 152102 Xt 2B % F 59 52 0
Fig. 4 Effect of O, dosage on phenol degradation

O, i w3, SR B R R SR M AL ROR B A i =, X T g B T O, FE K 32 1) 254
nm%%%ﬁE%W£im0HﬂHQ,-H%5m¢%ﬁm%ﬁr# a0, G, (0,5

2Pl [ B R A0, , dE— T K B -OH, W AU L R (8)~2h (10). 24 O, e JE [ AR
f, -OH M~ b Z Rk, HEIMFBEMBCRIER. Ji4h, AR R, YKkd o, BmEit
R, —SE B KB A B O, [RIAE 2 TH AR -OH T HieE X s i, ==t (1), ik, o, i n
T RIS YA N, e BT RS S BRI R G AR

0, +0; = 0,+-03 k=16 x 10’ mol - (L -s)™" ®)
05" = 0,+-0,k=2.1x 10> mol - (L-s)™" ©)
-0"+H,0 — -OH+OH k=1x10* mol-(L-s)™' (10)
-OH+0; — -HO,+0,,k=3 x 10’ mol - (L -s)”' (11

2) PS N s . f IR S AT, Bl PSRN MG N, UV/O,/PS 14 F X 2K M 1 [ i 80 R
o Bl 2 34 5% (SN A5 FBR PS BN AR 2.1 45) o 8B (B 24 3 min B, $&i1 0.25 mmol-L™' PS X
IR 0 R i Rl 29.59%, B G PS BN 5 09 38 06k 8 Wy 0 B SR BE Z B, 2 Ecm
4 mmol-L™' i35 F] 77.41%, #H(LRHCRFIAEREE PS BN A8 i $2 5 . 2R R . 78 HAth
l?Tﬁm%ﬁT Bifi 75 AR 2R P PS VR BE 3N, UV AR 77 A2 (4 -OH Fl-SO, 1k Bt b =2
B, PR R AR LIRSS R, FE PSS 1 mmol- L', SWEHE] K 6 min 45 B
T, KB ERRC LIAF) 86.41%, 5 IL[EI N 2 mmol L™ #1 4 mmol L™ A4 5 oK I 1Y 2 B 4
4 88.33% 11 89.41%. A LLFE Hy, LA PS i AR M 8508 B AH O& , H RS BN AH b T 4%
IR R AR AU R, PS & i £ A5 K HE R 3 rh 32 AT REAE B e 1k oM il L R
FEPE RS Y o BRI, AE S BR N HRON 23 B I Na,S,040
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&Q S
i- 60 - E_ 60 | ¢ 4mmol -L"
33 a0l - 0.25 mmol - L~ B 20l
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{5 ] /min Hst ] /min
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E5 PSERMENEEBERSHT HHFM
Fig. 5 Effect of PS dosage on phenol degradation and mineralization

3) pH Y52 o pH 2 52 Wi i A LSO RO B B N R 2 — o S0 il 6 80 1 Jo o ok R Oy
25 mg L' BV pH g 6.8, JLAB SN 25 PR IF) 2.1 450 ROWEET, T 1 mol-L™ Y H,SO, Fl NaOH ¥ i
PR AR RE pH 223, 5. 7, 9. 11, HAMR . Bk A8 T 28 B i R 8OR M AL ROR o
HiE 6 W LAE L, FEE pH BB, KB A L BRARESETHE R BRIRAE S, HpH KT omf, %
BB A, HER22FE IR K, UM UV/O,/PS 1K 5 4 2K 19 1 B g 0 4k 52 pHL 1% E‘HH’F/J\ i e
FlAL o FCRUA BT B, pH B, AR LU #E O, 5% 3 K W o -OH 1Y 7= A=, i ml LA fie
HE-SO, B A, IR H M 25 18 T 2 I B B s 3 v TR PR BRI s LK, Y pH i i, B2 fli i
RN 1) 7 A -0, 89— B8, 772 -OH Ry HEDS /D, I R AR R 1 ) 25 BR 3PY, T 45 pH=11 A
TR R B BRI LSRR T pH=9 BIA R Ah, BRIESPF T EEAE#E-OH iy, -SO, W 5
B LA i —Se S AL BE ) — MR R AR, RS (12). Bk, BEIE bR SRR T AR 1 A R ik Ak
AR T v S R SR 1'3% — 7, 38 i RS A S,087 B AN X AR —O—O—4, 1l LLy= AR Ak

f9-S0,", S W= (13)%, H I Riid #E b pH I ARA THE RIS B0, BOR By A e 5 0 AL AR T vh
FMFTFIRARERZER, B3] UV/O3/PS A 2200 TR Bl 32 190 3 7 31 PR A )
-SO,”+H,S0O,4 — -HSO,+HSO,~ (12)
S,04> +H" — HSO, +-S0," (13)
100 - 100 -
90 —=—pH=3
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Fig. 6 Effect of pH on phenol degradation and mineralization
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4) B IR SRR A 52 ) o itk TR AR N e IR SRR R /K IR v e i UL B FR R AROR, AR SR, K
R g To Lk £ 2 DL HCO, BB XAEFE . R MR 50~250 mg' L' 247, HCO, & 57K 11y -OH [
N A Y CO, Al HO, i JFAS 2 55 W fift 2K By 19 -OH o 4 820, T 532 00 2 8 1) R it . S0 m,
NaHCO, fit. il & HCO, i f i £ 4y 100, 250, 500 mg-L™"' AA L 7K, Sl A UV/O, Al UV/O,/PS 2 Fh
RARZ Y, 5 A HCO, X 28 B B A it 4 R, b Ase 2 i s i A4 3 X HCO, T4 (1Y 345 10 iy (HE:
s B 25 20 T ARTE) , SEER LR ME 7R . ATLLEH, FEARINA HCO, B, W 3 min,
Ay LBRFRIBR T 70.56%, M 500 mg- L™ ) HCO, J5 LB % H A 46.00%, [T 24.56%. Ji
K& UV 4L O, 5 PS =4 By -OH H1-SO, # HCO, K HK i@ = Wit Je ke v, S 800 i A5 By i 1A i
BB, RO AP (14)~20 (18) Frion . BA MR R, IR 5 -OH J W R W8 k240
2.63x10°mol-(L-s)"', HCO, HICO> 5 -OH FNRAHEL k 735124 8.5%x10mol-(L-s) ™" F13.9x10°mol-(L-s)™,
2T 1 R A & 52 B HCO, A CO» W T4, IR i e i SR AE 22

HCO,” — H"+CO0,", pK, =10.33 (14)
HCO;™ +-OH — -CO;™ +H,0, k=8.5x10° mol-(L-s)' (15)
CO;* +-OH — -CO;"+OH"™, k=3.9x10* mol - (L-s)™ (16)
HCO;™ +-SO,” — -HCO; +S0,*", k=2.8x10° mol-(L-s)™" (17)
CO;* +-80,” = -CO;" +S0,*", k=6.1x10°mol - (L-s)™" (18)
100 100 -
—=—500 mg - L'
——250mg - L'
80 80 —4— 100 mg - L'
—~+-Omg-L"!
M 60 F #o60
—=—500 mg - L' Tl
5?2 40 | —e—250mg-L" %‘3 40
—4— 100 mg - L!
2k —v—0mg-L! 20 b
0 1 1 1 1 0 1 1 1 1
0 3 6 9 12 0 3 6 9 12
2 )7 B ) /min 2 )7 B ) /min
(a) HCOXFUV/O/PS{AZR IS (b) HCO;XUV/O 1A Z 5
100 - 100
90 4
80 80 \‘\\‘
< < 70
o 60F W o60r
M %0
ﬁ 40 —»— 500 mg - L! ;% 40 -
—4— 250 mg - L' ™ 30k
T ool 0l e vvrd
me oL A Uviops,
0 1 1 1 1 0 1 1 1 1 1
0 3 6 9 12 0 100 200 300 400 500
J )3 i) /min HCO; #8ii#/(mg - L)
(¢) HCO, XFUV/PSHZ I 5 (d) M6 minBfHCO, XA R 2 X L

7 HCO, X} B F4% g B0 52 1
Fig. 7 Effect of HCO; on phenol degradation



78 ok L B ¥ W LARVE:

M7E UV/O, R &, [ 3 min, #H01 500 mg' L™ HCO, Bf, HE 7 /[ LAFH, UV/O, k&2
1y 1) I A AU 12.26%, 5 AR WS INAH TE 25 B 3R EAR T 12.55%; >4 S g f (13K 3 9 min B, 28195 Y
L BRFAHLAZ UV/O,/PS IR RANAAR; 7 UV/PS AR h, JRAEREM SR RIFESZ 5] T HCO, F1 CO,™ 1Y
S T A, ABL7E R 347 3 12 min B, #1500 mg L™ HCO, 14 25 4 FANKEAL T 10.66% . 3% 42 A
i, HCO; B CO,™ 5 -OH 1y N #AH b -SO, # R, HCO, Hll COy* 5 -SO, [ I 3 8 4 k 43 51 0y
2.8x10° mol-(L-s)™" 1 6.1x10° mol-(L-s)™", #XF UV/O, 1A £ 1) 52 it 5l e A2,
24 SEMHIRAIRA

S8R AR AL P I M BT Y 7 A R B R S N AR R R AR A LR R O R, EARRRR T, R
ESR X #.— O,, UV/O,. UV/PS. UV/O,/PS 4 Fi{K Z 735l 47 B 1 JEAG i, 25 R a8l 8 fras . ] LA
Fil, SCERAR I E] 1:2:2:1 A DU E RN 1:1:1 A S E g, X & A B DMPO #ifi 3k -OH #1-SO, Y JE 1
i) DMPO--OH Jill &5 ¥ il DMPO--SO, il & ¥ %5 fiF 1§ . 76 ok O, [ B AR Z& v o BB A DU i B i 1)
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Application of UV/O,/PS coupling process in the treatment of phenol
wastewater
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Abstract In view of the low utilization rate of O, in the treatment of phenol containing wastewater by the
advanced oxidation technology at current, UV/O,/PS coupling system is proposed to improve the content of
strong oxidizing substances in the reaction system and strengthen the degradation and mineralization of phenol
substances in the wastewater; On the basis of exploring the phenol degradation rate, TOC removal rate, reaction
influencing factors and active substances of various coupling systems, the potential and advantages of this
system in degrading phenolic wastewater were further studied. The results showed that the UV/O,/PS system
could completely degrade phenol within 15 minutes. Compared with the single UV/O; method or UV/PS
method, the mineralization rate of phenols in water increased by 47.36% and 39.93%, respectively. Through
analysis of various influencing factors, the appropriate dosages of O, and PS in the UV/O,/PS system were
determined. It was found that the UV/O,/PS system had a wide range of adaptability to pH and HCO,, which
implied that this system had an extensive application value in the treatment of refractory wastewater. In addition,
ESR analysis showed that the coupling system produced more -OH and -SO, under the catalysis of UV than the
single system, which had a promoting effect. Thus, the UV/O,/PS coupling process had a better performance on
phenols degradation in a wide range of applications. The research results can provide a theoretical reference for
the degradation of phenolic wastewater by UV/O,/PS coupling process.

Keywords UV/O,/PS; free radical; phenolic wastewater; advanced oxidation; synergistic effect
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