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Construction the process of electro-potassium permanganate-
peroxymonosulfate and degradation of azo dye Reactive Yellow 3
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Abstract The electro-potassium permanganate- peroxymonosulfate (E-PM-PMS) process was
constructed to address the challenge of the recalcitrant degradation of azo dyes in water. In this study,
Reactive Yellow 3 azo dye was as the degradation target, and the effects of PM concentration, PMS
concentration, current density, initial pH, and aqueous background were investigated, the results

indicated a clear synergistic effect between E, PM, and PMS. The degradation rate of Reactive
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Yellow 3 after 20 minutes of reaction was 95.8%, and the mineralization rate of Reactive Yellow 3
after 120 minutes of reaction was 47.96%, under the experimental conditions: PM concentration was
0.8 mmol-L™, PMS concentration was 1 mmol-L™, current density was 26.29 mA-cm, initial pH
was 6, and Na,SO, concentration was 50 mmol-L™'. Moreover, the E-PM-PMS process produced
reactive oxygen species, including SO,~, OH, 'O,, and ‘O,, which was detected by the electron spin
resonance (ESR) test. The main drivers of degradation of Reactive Yellow 3 were free radicals in the
E-PM-PMS process. In addition, the significant effects was shown by degrading various dyes in the
E-PM-PMS process. The proposed E-PM-PMS process offers a theoretical foundation and technical
guidance for the degradation of azo dyes.

Keywords electrochemical, potassium permanganate, peroxymonosulfate, azo dyes, reactive

yellow 3.
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1 #MRL5 7 (Materials and methods)

1.1 SZ50 240

T % 3 K-RN( C, H;CINgO5S,, 99%) | i P #a % KN-R( C,,H;¢N,Na,0;,S3, 99.8%) . I 1 £1 3BS
(C3,H;9CIN;0,oS¢Nas) . 7 PE# 3RS(CogH,oCINgNa,0,6Ss) . FR 145 7(C¢H;N,NaO,S, AR) . i i ik &
P (KHSOs, AR) . Jo/K B R ¥4 (Na,SO,, AR) . Jo/K B R £ (Na,CO;, AR) . Z A L4 (NaOH, AR) . £h7iR
F2ME (CIHGNO, AR) | B2 — & 81 (NaH,PO,, AR) | B2 & — 41 (Na,HPO,, AR) | ifi2 (H,SOy4, AR) | 15
B R B AR E M (KMnOy, EIFR, 0.1mol-L™) | P4 HI JE IR BE B (TMPO, 95%) | 5,5- 1 - 1-Mit i pk-N-45fb.
Y1 (DMPO, 97% ) Fl P4 F FEWR B A2 AL (TEMPO, 95% ). SE56 /K ¥4 A4tk (R BHZJ 18.25 MQ-ecm™).
1.2 S B AR

F BN WG AR (85-2A AL, G IR TR B Em A4 ) ) . BV HE IR (PS-305D Y, & Hs JE jak
I E AL FEH PR |) )« BR 0% 40 L B (50 mmx30 mm) . B 1 5 #E 7% T (B25, 8 mmx25 mm) . S %
(DN100 mmxH120 mm). TOC %} #74% (TOC-VCPH, ShimadzuCo.,Japan) . 484 ] L4366 BE T (T6 ik
g, et T A A FRA D L B B LRI (JEM-2100Plus, H ACHL FRRA 254t
1.3 SEE Ik

STV A R IR T ROV A BT RE AR 2 b, SRR 1200 rmin!. KEEEART
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PH A% FH F AR e T B F S g e s AT B, BT BHAR T FE R 2 om, HZE 36 AR LA pH it T4 H
NaOH F1 H,SO, ¥ 52 W & 9] 1 pH (BN 6, [7] S W im A hy HaL fif S5t 9 87K Na, SO, FE 4 HE, A
YRR AL PMS F1 PM, HL A 28 9500 HI UL, 7 15008 B ) FEBORE 25 B 4 mL VARG 0.45 pm JEEfS
T e M. S RE T 00 6 4% 5k U B, PM ¥ & 0.8 mmol-L™', PMS ¥ By 1 mmol-L™', HL i % & K
26.29 mA-cm 2, ¥IUf pH A 6, BRIRANIK A 50 mmol-L ', 7 PE ¥ K-RN AYHR A 0.1 mmol-L .

I3RS e s B AN 66 BE T R 5 R B K-RIN (U B8 22 17, P 56 8 50 g A 8 99 I v Al PR A TR '
JE RIS, 5 280 22 A0 36 BETH G 398 nm b A TE M B K-RN A IROGEE(E. O AR & = A i i 1
AWl H - A e IR AR A CESR) W A2 , 78 34T 1 PR 4800 b I 22 52 35 22 117, 43 01 1) S AR & v A
20 mmol-L'TMPO. 40 mmol-L'DMPO #I 20 mmol-L"TEMPO 1E Jy [ iEdfi 3R 7. B 2 mL A [R] i Z1 )
SR 0.22 pm Y8 B 8 S5 B AF 2 A (e SO, JT R Sk B S A IS I R kKA e 4 C 5/ F
PRAF, J5 F TOC 23 BT3GR .

2 ZEHR 535718 (Results and discussion)

2.1 E.PM. PMS {KF JHEA 1A R X6 3 K-RN (9 R i R

HEHESE T E. PM, PMS & & KA 7 2 %16 4 35 K-RN () B AfRCR . W 1 TR, g 547
10 min, PM-PMS., E-PM-PMS 1& Z X 1 1 % K-RN ) [ i R E ik 90% LA | [ )i 20 min, E-PM-PMS
AR Z2 X675 P 8 K-RN YRR B 4k 8 T 95.8%, W 60 min, [§ PM-PMS, E-PM-PMS {4 % % i 74
B K-RN Y [ R L 96.2%. 99.2%, HATK R ITE 90% LT . E-PM-PMS 14 £ %5 1 % K-RN () [F% fi
v [F, A T AR B9k R 0519 E-PM-PMS 14 2 35 B 11 50 8 19 W A S50 3%, W] UL, B-PM-
PMS 1 2 X 1 M 85 K-RN [ AR SCR fic it

S “L N &

04} \ —e—PM —A— PMS T
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Fig.1 Degradation of Reactive Yellow 3 in different processes
R LSRR Z 6 T R B8 K-RIN B R 24, F =X (1) X6 SO AT 5 min BB #EAT 405, 245 R
W kMR 1 R, it — 0 B 5 G R R A 15 M 3 K-RN PR RISCR, X (2) TR & R R G T
[F] %% S, 45 2R AN 1 .
In(C/Cy) =kt+b (D
KA, C M IEPE BT K-RN AS[RIEF 21 A3 BE, mol-L™'s Cy i 5 K-RN YRR M B, mol-L'; k il
0, min'; ¢ W BT Z, ming b o E K
SI=kawz/kenz (2
Ao, ST UNF REL kg ph z WA IR RGBT B ken 2 MR IR R IO HURE ELL
H 2 1 AJ UL, E-PM-PMS {4 7 [ fiff 1 P 5 K-RN (1) 07 38 238 5 850 = T AR R, 368 E-PM-
PMS A 72 B fiff 1 P ¥ K-RN 935 B2 B, E-PM-PMS {4 2 1) P [R) R 500535 21.697, 3 = FIABRE AR R,
ULH] E. PM., PMS Z a7 A= T 5 2 A BRI VE .



12 14 SRBA P A5 P - o B FR P i — B R 2R 1) R el S0 R ORHIT T 28 K-RIN A e fi 4219

R AR F AR 1R B KRN A P[] 2R 2

Table 1 Synergistic index of degradation Reactive Yellow 3 in different processes

Pizfcffss E PM PMS E-PM E-PMS PM-PMS E-PM-PMS

k/min™! 0.0053 0.00042 0.00578 0.01284 0.00751 0.06387 0.24952
bl 1 0.3655 1 1 1 0.9998 0.9992
SI — — — 2.245 0.6778 10.302 21.697

BEAh, %5587 R Al R 2 5616 2 ¥ K-RN B8 L BE F7. ani&l 2 fros, AS TR 44 & 6 3 1 8 K-RN 574k
120 min, H: 1, E-PM-PMS & % X 1 75 7 K-RN 8L %R 47.96%, 7t & T HABL K R A5 1R, i
E-PM-PMS & R A48 T HA A Z , X6 8 K-RN A 48 L RE 1. R, 87 B BE (EE/O) PRA
T AR RTEFERIGE R K-RN 172 b 1 B BERERE, 11 AR I (3), RIS A R LA R (1 EE/O fnfA 2
iR, Hih, E-PM-PMS 14 Z [/ 05 P£ ¥ K-RN 9 EE/O {2 0.1 kWh-m™®, JEie ik T HoAl HL ik R 1Y fig
i AT L, E-PM-PMS {& Z A Lt F AR R, BAREGISME N T PMS #il PM, {HJ2 E. PMS 5 PM Z [A] )
BN RLVE A R R A T4 6 IR J3E FAAIR, 2 — b = S5 IR 11 S oy A 3R

Pxtx1000

EE/O = TR 60IRCIC) (3)

Horp, PR R ABUE DR, kW VR SR I 2 ¢ s s B AR R, Ls G 2 00 4R 15 P 75 K-RN AR
B, mol-L™'; Cp J& W 2 1k J5 15 PE 8 K-RN A9, mol- L.
0.5¢ 2391 47.96%_25

0.4F

0.3F

EE/O/(kWh-m™)

0.2F

Removal rate of TOC/%

12.41%
.98

0.1F

Processes
2 AR FXEE B K-RN B8 158 K AN [ H R 2 4 B i g
Fig.2 The mineralization rates of Reactive Yellow 3 in different processes and unit electric energy of

different electrical processes

2.2 PM ¥R JEXFIEPEE K-RN PR 1) 5%

FER & E-PM-PMS 1A Z A U [RIVE HG , % 845 T2 00 I 30 1 1 35 K-RN B AR (052 ). 8 S % 4%
PM Y& % E-PM-PMS {45 [ A 135 1k 2 K-RN A S0, [ 8CR ILIET 3(a). B PMVRIEC RS 1, E-PM-
PMS 1A 22 0 16 1 B K-RIN ) 3 figp 38 A, Bt 22 38 0. 35X AT B2 T PMVR B2 9 82 7, i E-PM-PMS {K & th
FEA T Z2 WS R, PR TR I M B KRN AR AR RNCHT 10 min (19— 24 8h J1 2%, WnlEl 3(a) FTR,
PM V& 18 i 5 1 o 28 i Bt B 2 38 10, PM VR 5 s 07 T 380 45042 TEAH DG, PM M JEE>0.8 mmol- L' i,
E-PM-PMS {4 Z 5% 1 14 3 K-RN (19 B A A 22 TC L, s/ D3 2554, 5 PM B4 0.8 mmol L.
2.3 PMS VR BE XTI 1 85 K-RN B 1 52

H 5% PMS W X E-PM-PMS 14 2 [ A 75 P 15 K-RN A4 520, E-PM-PMS A& 22 %% PE # K-RN F [
fE SR AN E 3(b) FTR, B PMS #eBE (30, X3 M 5 K-RN A9 R et Bl 2 4 . 32 R PMIS Ik
JE 3G T2 At s AR & 7 AR T 2 s PSR R, 3SR E-PM-PMS 1A R I RE R E 7. {02 PMS MR B2 K
T 0.7 mmol-L™" Ji5, E-PM-PMS {4 Z XiF 1 7 B K-RN B B i 580 R L — 28, BB 244k & o PMS 35 31—
FEVRIE G, XHIE B K-RN B R R B8 R B A B T SRR 10 2080 09— 23l 12, Wil 3(b) B,
Rk PMS #k B2 A 0.47 mmol- L' &b, HAx ik B2 1 40 i i S iy B B 3 AT RS R A 90 4f PMS W B S AR, 1A%
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Z WA SO, OH 45 306 M U W Fl B /b, AN BE D 3 Hb 9% 7 75 PE 15 K-RNL 255 % 18, i & et
PMS & & 1 mmol-L7.

—<— 0.1 mmol-L™! —e— 0.2 mmol-L! ——047 mmol-L™"  —»—0.58 mmol-L!
—v— 0.4 mmol-L”' —4— 0.6 mmol-L"! —4—070 mmol-L™!  ——0.93 mmol-L!
—— 0.8 mmol-L™! —=— 1.0 mmol-L™! (b) —=—1.00 mmol-L!
1.0% 1.0
() 4
~—__
08} e _
—~—___
03 —e
0.6 |
s S 02
) 0 02 04 06 08 10 3 5
PM concentration/(mmol-L™") 04}k = 01
02} 04 0.6 038 10
PMS concentmtion/(lmnol'L")

0 10 20 30 40 50 60
t/min t/min

B3 PM ¥ (a) Fl PMS ¥ (b) 4 Ti5 11 B K-RIN FEAf A0 R B it 50 7 2 ) 52 0
Fig.3 Effect of PM concentration (a) and PMS concentration (b) on degradation efficiency and degradation kinetics of

Reactive Yellow 3

2.4 HLJLE BEXHEPE T K-RN A7 52 1)

S HL 95 X E-PM-PMS 14K 22 [ A 1% P #8 K-RN OS2I HL 0 %5 1 s K & b, 1745 S5
2, ISR PMS. PM 936 AL A4%. F 3t 28 B X0 1 M 3 K-RIN A i s i 1] 4 7R, OB 60 min, 7E
BN BT, E-PM-PMS 14 2 XG4 8 K-RN B FEARE R AE 99% 2547, FL I 205 5 14 788 A Xof e fie 0%
B K-RN Y52 M0 AN 0 35 43 AT IOBLHT 10 min 19— 2480 J1 2%, WA 4 IR, £ D% T, E-PM-
PMS 4 72 $4 4b T i 3B 0 B B BG4, HL 3 4 B Ao R4 (B S0 RN T AEC I B iy & AR TR E, an K (4) Ak
(5)1, FECER 43 v At AN BE 1% Ak PMS 10 T4 & FIATT 4. IR T 26.29 mA-em ™ I, HEL i % T
FEXFH /I, Ab RSRS8Oy i o FL O 2%

2H,0—4e™ + 0, +4H" (4
2H,0+2e"—H, + 20H" (5
104 —=—9.14 mA-cm™? —o— 17.14 mA-cm™
’ —A—2629mA-cm™?  —%— 3429 mA-cm2
—®—4571 mA-cm™2
0.8
0.30 /
06 7 p— \\
S Eo028
C =
04
026
0 020 30 40 50
0.2 Current denslty/(mA'cnfz)
? i a8 ————
0 10 20 30 40 50 60

t/min
B4 L 3 G T P B KRN AR AR S e fie s 2 1) s i)
Fig.4 Effect of current density on degradation efficiency and degradation kinetics of Reactive Yellow 3

2.5 WA pH XE LT K-RN B ) 3200

5 Z) G pH X E-PM-PMS {4 2 [ fif 15 1 25 K-RN RS2 IR W) 46 pH X 5 1A 28 Hh 5 Y ) 11 [ fide
ST BTG AL 15 TR S b B0 2R SR e SR 2, JECN PMRSE IR B O W AR IR A& A T, PM 4 fkid
JELRE A e, TR R A R 2 1 T S S AL AP, WG pH W TG A BT K-RN A B 52 iR AN 5] 5(a)
7. B 60 min, 754 MG pH 54T, E-PM-PMS & 22 % P 8 K-RN (1 [ A 350 AR 2508 K. 34T
SN HT 10 min 9 —2k s F12%, GnE 5(a) if7R, E-PM-PMS & R 7E45 004G pH A Y545 550 R (%) [k fide 1%
IR PM TERR T S50 T DR A58 i Al I v 7. 2% 1 3 SEE PR AU A 22 WA T, 7T B 68 5 o T
B, 7 2% ORI PR AR B 258 T 25 %€ pH X TR PE BT K-RN BRI 200 Q0181 5(o) s, 724 22
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25T, 1 R B K-RN [ R 6 BE S pHL A8 35 R T80/ ). 388 3k X S 56: 5 A% pH A8 Ak A AG I, Fifi 45 52 i
AIEAT, WM pH BT80N 32 PR oy PMS BR AL B Fe b ™ A8 1 R &Y HY, e [ MY pH A B [e]
R P AE ALY, AT, E-PM-PMS {4 22 76 S PR 7K M4 (pH=8 ) v [ fif 1 1 5 K-RN LA % o 3 AU RCR . IRk,
pH T8RP A A% B3 A T35 M B K-RIN ARSI A0/, TERSAME A5 1F T 2 AR PR 2 K-RN A R AR
—m - FIHpH=T W shpHAR AL
pH change in solution of initial pH=7
— o - FIghpH=8¥ i shpHAE 4L

pH change in solution of initial pH=8
@ (b) & WUHRPH=I L HepHA ft

106 —m—pH=4 —e—pH=6 1.0% pH change in solution of initial pH=11 712
—A—pH=8 —¥—pH=10 y l\j
——pH=11 > ll\T —_— pH=7 110

os bt 3 — pH=
0.32 ‘ l\«‘ :?— gg:fl
y A )\- 48

031 SR~a _ i
- R i S e |
S '§030 S 16

s
029 0.4
02
0 10 20 30 40 50 60 0 10 20 30 40 50 60
t/min t/min

B 5 (a)Wilh pH %G P8 K-RN FEMESCR K A% 20 0124 5205 (b) INAZE MBS pH X 16 P 2 K-RIN B AR RICR K
pH H7A2 1k
Fig.5 (a)Effect of initial pH on degradation efficiency and degradation kinetics of Reactive Yellow 3; (b) Effect of pH on
degradation of Reactive Yellow 3 and changes of pH after adding buffer

2.6 JRKARTS SoXHE R #E K-RN FEAR A 52 0

TEYL (0 B BE, NaySO, Hl NayCO;y H B A B e 59, B fi BN % 7K Hh 19 Na, SO, il NayCO; 15 Ht .
A1, NaySO, AE A Sy A4 22 H (14 FEL A J5T 2 ;3028 V5 V1) P, 3 38 1T 5 il P Ak 27 3f 2. Na, CO5 15 Tk 232
B CO;™, COy”> 5OH., SO, Oy FFTHHAM I SN HEE 510 3%10°, 6.1x10°, 5%10°L-mol 's ™',
CO> 4 5 1% VL& Wy R AR 5 B W 1117 45 B At 35 1k #5 K-RIN 724k 35 4. (R I, 75 % %€ Na, SO, Na,CO; Xif
E-PM-PMS {4 2 R fift 35 14 2 K-RN 952,

Na,SO, He B XiF B4 i 7% 1 5 K-RN (5200 WL 5] 6(a). Na,SO, e KT 1000 mmol-L' i, E-PM-PMS
A 2060 1 1 B K-RIN A B3R A 2R 2 /I 6 A ok B A R 3. OBERT 10 20 i) — 2% 8 71 2%, 1nl&] 6(a) BT
7, Na,SO, #2247 1000, 1500 mmol-L" I 1Y 52 10 51 7 2% 8 B34 /T oAt T80, Ak T4k sz 1 B B, e
T B B 2 H RO T, JE T SN B B T I, Na, SO, #R 3 16 v 254 ) E-PM-PMS 14 £ %1 1
B K-RN P REARRCR. 3% T SO MM S 206 1b PMS 7= Az 16 4 4800 ot 1) 33 R RG24, 52 i 4 £ 3
. Na,SO, M EH 50 mmol- L B, 4% 24 /)N, X6 14 3 K-RN ARBRRCR AT, #ffi 2 o fefE Na, SO, e
(@) —®—50mmol-L™!  —A—200 mmol-L™! 1.0

| —— 600 mmol-L”!  —<4— 1000 mmol-L"!
0 ~—»— 1500 mmol-L!
08 4\

0.8

0.6

L 1 L L
0 2 4 6 8 10
Na,CO, concenlmlion/(lmnol'L")

CIC,

04 04r _
——0 mmol-L!
0 500 1000 1500 —s—1 mmol-L™
02 Na,SO, concentration/(mmol-L ™) 02F —e—5 mmoI-L’l
—A— 10 mmol-L™!
0 10 20 30 40 50 60 0 10 20 30 40 50 60
{/min {/min

B 6 Na,SO,(a)Fl NayCO;(b) ¥ B % i 1 8 K-RN R s8R K B A 21 1 2 1 5% il
Fig.6 Effect of Na,SO, (a)and Na,CO;(b) concentration on degradation efficiency and degradation kinetics of
Reactive Yellow 3



4222 7N 54 1t 2 43 %

Na,CO; XJ i M #E K-RN FEAR (15210 40 5] 6(b) 7R . NayCO5 W BB &7, X6 M 35 K-RN A FE AR AR
VAR i R S A3 BT BB 10 min 19— 3l 5%, AN1EL 6(b) BT/, NayCO5 H BE 1 4 e (i S 7 8 5 8
O/ X R R CO M 58 5 16 M A W Fh N, 55 T PR B K-RN R R ™ A2 5 4. R, Na,y,CO3 X
E-PM-PMS {4 F [ fiff 1% 1 2 K-RN AT 4 .

2.7 SRR S E

i 2.1 5 A1, E-PM-PMS 14 2 75 B 05 PE i K-RN 3o Ft b R 30 B RIVE T, SR & rp e T
WA YA, o i B BT DL I M R A R G & A O, AT BT E-PM-PMS 14 & 2 15 77 A
TG MR, H P (MeOH) 5 SO, ™. 'OH., 'O, F1'O, 1 N 3 [ Hh 38 35 %043 5l -y 2.5%107, 9.7x10%,
3.0x10°, 1.1x107 L-mol's™'™ U T £ (TBA) 55 SO, ™. ‘OH. 'O, Fl'O, Y 52 1 3 I H 3 285 550531l A
7.6x10°, 6.0x10°, 1.8x10°, <10® L-mol™"-s™'®° %% 7 [f] %5 T. /% 4 4 F , MeOH il TBA X} {& & 1 = 4=
() OH F1'0, 7% B3 1 R A 22 TCJL, MeOH e TBA R 2 N 90 4 SO, #1'0, . ti & 7 A%, [f] E-PM-
PMS 14 Z 143 5 i1 A 12 mmol-L'MeOH F1 TBA, [ ¥ 10 min, 7 7E # K-RN B9 [ fif 28 43 51 ek /> T
18.70% F1 33.02%, ¥ 1 B K-RN (1 B i 32 2] 1 40, 15 ] E-PM-PMS {& & th = A4 116 PR ) Fh . )
E-PM-PMS 14 Z 1143 51l il A 360 mmol-L"MeOH F1 TBA, JZ Jif 10 min, 7 ¥£ % K-RN #4543 51 0
/> 85.42% F1 70.45%, T4 B K-RN AOREAR 2 2] 7 B A0, i8] B-PM-PMS IR R 774 T R aE B T A
Y.

18.70% ]

80
P 33/02%
g8F
55 60 85.42%  70.45%
o
B 401
22
S

w0}

7 E-PM-PMS (KR A H 2K L E
Fig.7 Free radical quenching experiment for E-PM-PMS process

JgiE— L 5E E-PM-PMS 14 2 75 P& 15 PF 8 K-RN F 3 B2 b 7= A g 35 PR S| b, SR o 7 A et
PRALCESR) A6 WU 14 S 4 . 5,5- P BE - 1-ME i o -N-40 A6 47 (DMIPO) 1] FH F kil SO, FOHEY, g
FL R BE i (TMPO) A] I T K il 'O, P Y JE R B 0 & £k 4 ( TEMPO) 1] J T 4& I O, ™). #£ E-PM-
PMS & Z B i 0 1 2 K-RN A2t B2 v, g 4R 28 ePoin ACHE B B9 4 2 300 1l 181 8 () AITIAT 8(b) AT, )
E-PM-PMS & & 1 Jill A 40 mmol-L'DMPO, i ¥l T DMPO-SO, il DMPO-OH $F#1E I, i B4 2 p 7= 4=
T SO, HI'OH. H &l 8(c) mI 4, A& Z A 20 mmol-L™ i) TMPO, Hi ¥ T TMPN HRF I, 355071k Z& h
FEAE T 10, B 8(d) AT, 14K Z& H i A 20 mmol-L'TEMPO, H ¥ T TEMPO- O, R#iF 16, Ui B 1A 2
FEHE T 0, ESR K 25 B UE B, E-PM-PMSS {4 R 7F i 16 M ¥ K-RN 9 B p 7= 4= 17 SO4~. OH.,
'O, FlI O, S5 MR SE .

JgE— i 5E E-PM-PMS 14 2 [ i M 35 K-RN A3 R 75 o0 H i = S A pe i 72, mfk & p
TSN MeOH FH T I AR 2 v 4 T35 M S0 B, I A< B 52 107 3 24 8 B30k ) IR 9% it o ik L. b, E-PM-
PMS & 2 Rl BEAF7F B L fff 1) R A 5 A, TR IR B2 25 4% E (W DUk X S B AT S min (9 5048 2647 35 )
SERUA, ARAT RN B H AN 2 BT . JE TR IR 9 B 0 TR 55 in MeOH 11 J5 o7 TR 1 221 M A
P 25 T MR 119 52 07 3 23 8 48, i MeOH . 1 2 1 3 6 05 E A4 3 119 5o g 3 28 1) 25 (R IF R R DTk
T 3 . ARG S 0L TR B TR IR 1 52 07 8 2R B L A B A N ) 0 o 1) o e R L, &5
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WRUNZE 2 s, A L REAR DTk L RS 95.26%, 1 HH B-PM-PMSS & 2 R A 16 1 35 K-RN B9 F2 0 H
I3 R R

@ 40r (v &

A SO;” 4 -OH
20k 20F A a

, Relative strength
(=
>
>
, Relative strength
(=
T
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]
{
|

20k 2.0F
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B 8 E-PM-PMS & ™ 25 6 T SA W) F A ESR AFEI%
(a) SO, 1) ESR FHIEWE; (b) "OH 1Y ESR H#EWE; () 'O, 1) ESR FEfiEWE; (d) "0, 19 ESR FRIENE
Fig.8 ESR characteristic peaks of reactive oxygen species produced in the E-PM-PMS process
(a) ESR characteristic peak of SO, ; (b) ESR characteristic peak of OH; (c¢) ESR characteristic peak of 'O,;
(d) ESR characteristic peak of ‘O,

R 2[RI AR A S 0 o R e i GERR L

Table 2 Reactionrateconstant of different processes and degradation contribution ratio

TEHKHA JinMeOH EfA % H H Ak B Hy
No quenching agent Add MeOH E process Free radical Non-free radical
B 2R/ (<107 min ™) 249.52 11.84 53 237.68 6.54
TR/ % — — 2.12 95.26 2.62

FE TSI 45 Ak, E-PM-PMS 14 & P 16 M 85 K-RN 2 [ B 28 2 A B 72, E {2 fif PMS &
AT IEA, PR ALY SO, 7L OHL, 'O, X G #5 K-RN BEATREA, [ 5 AR 40k (6)—(8) B3, PM Hr )
Mn 38 i 0 A5 AR AL PMS 72420, Az B O, T S B I Hh TRl AA i — 25 A B 10,8 0, 7= A 1) 0, 1l
0, Z 5XHEE# K-RN AR A

HSO; +e —OH™ +SO; or-OH +SO;" (6)
SO; +H,0—H"+S0; +-OH @)
HSO;+S0% +-OH +e —2S0;™ + H,0+'0, (8)

2.8 WEMEE K-RN FEMALIRBT ST

HHRSE E-PM-PMS & 5 [ 7% 1 2 K-RIN A B A AL, 64 3R 00 B figp ok R iR AT 407 181 9 v, 464F
W 1 ] HE PR 3 AN R W A, e, 210, 270, 398 nm 22 A5 Ak 8 W AT 08 4 591 ek 7 355 P # K-RIN 4%
Fa rR 2R B | ZE BRI 4A =08 | (8 ZRUARE 0 2 35 B K-RIN R 2 A0 f16) W A 6 5%, 38 ot 25 S 7 1) 0 A S 34 i
Je 08055, S PR AE IS PE BT K-RN B RE AL 72 rh o= AR T R iy & A ORI rh ()74, 22 05 SRR A 16
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B K-RN A ZR A 14 = R R AT ) 5 J32 e S 7 (90 1A 7 T D583, 158 996 1 85 K-RIN HP Y 2R B ALY = 1
R 2 W7 2L (8 G G R A U iR R S N ) E AT TR DS L W] E-PM-PMIS A 2R [ A O 1
K-RIN I W7 5211 0B 1) RE T AR B . IHL A, A ST B A K, A SeUBE ) BT R L JH At B ) T SR8 B P, 380 iz
Je B0 R 1 DT S A T 55, 3X T RE R R E-PM-PMIS 1 22 6 376 14 3% K-RIN 1) e it 2 ph £ 20 1) O
45| (0, [ 2 1 R0 1) R T I 2, 3 R B K-RIN 43128 JI 22 T /NI O 7 45 K0 T a0 — 2 AR .

— 0 min

2.0 ﬁzﬂ% 0.1 min
)\ 2 min
2 5 min

R R" 10 min
A 20 min

Absorbance
(=}

05F

200 300 400 500 600
Wavelength/nm

B9 IhiEE K-RN A9 LM A
Fig.9 UV Spectra for Reactive Yellow 3 during degradation process

T LA SR 25 S HE I, B-PM-PMS & & [ fif 1 P£ 3 K-RN (9 HLEL 0 [ 10 BroR. 2L SO,
'OH, 'O, FI'Oy A& TH MW b T 1Y 1 Hh BEX 1 PR B K-RN AT A, b G 45 1 U BRI 2L | 38 I S
FITF 34 B2 0 45 2 W . SO, FIOH AT B8 ik 5 & . i iR v, 7 % 25 3 42 X 17 1k B8 K-RN 47 e fi
'O, A RES I ME B K-RN AP ARl JE 1~ 9 S0 T R 7 B e, O nl RE TR i <5 &0 IR e e R 45
MR AR AR HE TG P B K-RN A [ A PO 3% P B K-RIN e &9 i i CO,. HyO\ Ny, NHy'L SO,> 55 /Nr 1
Pyl

(I)H
Ll ikt
0=8=0 Azo bond
P G e
: ESAN
I H Benzene ring NH,
Naphthalene ring JEOSSN,
H=
S-triazine
B AR TR
Cleavage of azo bond ¢ NH,
H,N
: NZ N

N
h) © N/
S—OH - NH,
[ T y=N
0 Cl
H,N l l
i FFER l F5f Fr5f
Ring-opening Ring-opening Ring-opening  Ring-opening

CO,H,O\N, NH\ SO}~ 28/ 43 T4 R
CO,, H,0, N,, NHJ, SO~ and other small molecular substances

B 10 %78 K-RN 78 E-PM-PMS A& 2 0 B8 1 W it i 15
Fig.10 Degradation mechanism of Reactive Yellow 3 in E-PM-PMS process
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2.9  E-PM-PMS 1A Z X AN [R) G ok 1) R ik

% 5% E-PM-PMS 14 22 X AN [7] YL i) B A 80 . 36 P e i KN-R T PR3 K-RNL RYERE 7., 16 41
3BS. i M 3RS & H A YR, ] E-PM-PMS A& 2 X6 X JL A Yokl 17 R, %5 %% E-PM-PMS 1A & 1Y
REfRAE S, AP 11 BER, SN 2 min B, 35 PEHE i KN-R AYFEAR R IK 99.3%, 26 P H BB Y B A R . I
Vi 45 min B}, 35 PEHE#E KN-R, §5PE 7 K-RN, BRPERS 7 BORE iR 3435 5] 99% DL L, {5 PE 7% 3RS, {6 1
21 3BS Y B 28 v 3K 2] 90% LA b, Gl IS 43 4% B i . E-PM-PMS {4 52 X AN [R] 1) e} e Ak R Sk
o PRI X QOB 00 35 IS R A2, BT R AN TR AR 1 TS .

—m— {5 M #3RS Reactive yellow 3RS
0.8 —o— JEM:HE EKN-R Reactive blue 19
—A— FRM:A%7 Acid Orange 7

—v— & #K-RN Reactive yellow 3
064 o HME413BS Reactive red 195

CIC,

10 20 30 40
t/min

B 11 E-PM-PMS {4 5 R fift A7) ekt
Fig.11 Degradation of E-PM-PMS process on different dyes

3 2512 (Conclusion)

(1) E, PM, PMS Z [0 & 3 B RIFEFH, %36 PE 8 K-RN A B 5 A REAl AL fLUR . 78 PM YR
4 0.8 mmol-L™', PMS ¥ £ 247 1 mmol-L™', HL I % FF 4 26.29 mA-cm™, ¥] i pH K 6. Na,SO, Wk FEH
50 mmol-L™" (IS4, JBE 20 min X 1% P 8 K-RN (1[5 283k 95.8%, LW 120 min X 3% #E# K-RN 1Y
WALZEN 47.96%.

(2) E-PM-PMS 1 & 76 B fif 15 7 38 K-RN B9l & p =8 T S0, ™. 'OH. 'O, F1 'O, %5 i 1 & ¥ Fh,
E-PM-PMS 14 2 [ i 7 P 8% K-RN ARG A2 0 [ i 3k £ S 0 5 o 7, 5 20 () AU W 2 L i8R
7\ F IR I 0 46 S oy 3 R 6 P KRN A /N T4 I

(3)E-PM-PMS A& Z X} {6 PE# #5 KN-R, BRPERE 7. 16 PE4D 3BS. 1P 3RS YL R4 W% k%
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