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Experiments and mechanism analysis on the degradation of
Reactive Brilliant Red X-3B by UV-assisted CWPO

TU Shenghui™” ZHU Xiping LIU Ting LIANG Haiying DU Jun PENG Hailong
(School of Environmental and Chemical Engineering,Nanchang University, Nanchang, 330031, China)

Abstract ; This article compared the treatment effect of Reactive Red X-3B by catalytic wet peroxide
oxidation (CWPO) and UV-assisted catalytic wet peroxide oxidation ( UV-CWPO) , and found that
the latter had significant advantage. After 150 min reaction, the decolorization rates of the dye were
84.10% and 99.28% respectively. The kinetic experiments showed that both processes fitted well to
pseudo-first order kinetics model. The apparent kinetic rate of UV-CWPO process was 1.64—2.75
times faster than CWPO process at the same temperature, and the apparent activation energy E, was
40.24 and 32.79 kJ -mol™" respectively. UV-CWPO process had a lower activation energy, which
meant that in the process the dye molecules were more easily oxidized to a variety of intermediates.
Similarities and differences in the reaction mechanism between CWPO and UV-CWPO process were
explored and compared. The result indicated that the difference of both processes lied in the initiation
of chains, and the former produced less hydroxyl radical ( <OH), which was confirmed by tert-
butanol. The degradation intermediates were detected by GC-MS. The results showed that CWPO and
UV-CWPO process produced the same types of intermediates, but the former produced significantly
less amount..
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Fig.1 Experimental setup used in this study

1.3 Wik

THPEHGLT X-3B AU LU AN O BE TN E ; 7K COD {5 R FH BB B A vk A7 22 ; GC-MS
I o3 AT A F A5 . DB5-MASS BB 8 WA, N 39.5 em-s™ #FHERN 1 pL, 730 kb
g 1:10. FHEFERE 140 °C F1HIE 20 min, 25 LA 10 °Comin™" f3 B THR 2 250 °C,{34F 15 min. B T 7
U5 EL HLFRER N 70 eV, BT EE N 200 °C, 3L RN :m/z 45—600.

HTALEE K5 SN 20 min J5 B RIEEE 25 mL, Z#i A 10 mL CH,CH,OH 1 1 mL H,SO, , ffi HiAE
50 °C TATAEAL 4 h, 5 H e 26 B BCE BUR AT TRA TG /K BB BN M 7K, K 5 BORE Al B 1 mL AR
HHLIAERIRT 5B R 1 mL 1ES %%, 25 BRESEA GC-MS 23T,

2 ZEH 58
2.1 Byl

TR R R E A & E AL (CWPO) g EE R R & 2 43518 CWPO T. 2 F1 UV-CWPO
T4 FIREEXHE PRI 2T X-3B Bt (0% COD [ m £k M sh J12# £k i & 2 7%, CWPO T.2



9

VR RS SR A R A U A i 4R A SR AR S ME R L X-3B B 5256 AL B 3 B

1533

T BEERER TFE (20 °C—50 C) , WG TEHA LT X-3B i 0% M 55.67% 1 & 84.10% , COD £ FR# M
34. 13%3¥4 % 59.98%.UV-CWPO .20 T B R Fifi i B2 AR fL i # 5 CWPO T2 —Z, (H A3 & COD %
BB CWPO T2 8 &, 7E 20 C—50 CHulEl N, B 75.66%3 2 99.28% ,COD £ B M 50.08%
B2 75.11% ARYES ST F A EE R, CWPO T. 258 UV-CWPO T.25 F Yk i sl 114 554 i — 2 S i
R  HCEAES T3 138 1 nT WLk, BB TELE 1) T im0 320 388 K, AH ) S B I, UV-CWPO
TSN F15 2 CWPO (1) 1.64—2.75 £5. [RIF, R 1 AT, 20 A0 Bhad B2 S by 2 2 30 U S = A 0L T
B LR /N, 323 K(50 °C) BHE > 60% L) |

BT S JE 125 17 07 FEoR 13 CWPO T. 2 Ml UV-CWPO T. 25 KW IE L E £, 43 54 40.24 kJ - mol ™' FlI
32.79 kJ-mol ™", W LA H1 5 CWPO T ZiAHIL, UV-CWPO T. 2 B A AR R W TR AL e, R B 2246 T
YeRb T 325 5 AR A b A 3 1 75 | e e ot €5

DL S g 5 SR B IR Az 2 ST AU A A iR R LA (R VR A, RO ik S e 518 Uit A ik
AEAEAMFEER . UV-CWPO T 2% CWPO T. &R SR 4T

—m—207C 30T —A—40°C *—50 C
100 cwpo 100 = cwpo
80 - 80 |-
L s L
S 60t p ¥ ool *
g I / g la) I * A
= A L
= 4+ /* /,,/ & 8 20 - /: e A ./0
| J A/ / | N /// /. /l
/ ’./ */A/. " -
20 *'/:/- o 20 - /,‘;. ./
N4 0 30 60 90 120150180210240 )
o /min B V/n/
0 / 1 1 ! | 1 | 1 | 1 | | | 1 | 1 | 0 L% | ! | ! | 1 1 1 | 1 1 1 |
0 30 60 90 120 150 180 210 240 0 30 60 90 120 150 180 210
t/min t/min
100 = yv.cwpo " 100~ yv.ewro
90 A, -
or / A A// 80 .
B # A ° T
70 j / // ° . ES B */: e
£ ok /o / / 5.5F UV-CWPO g,r 60 - t/A S
%0 4 T s KoL e e
E_\,J o /A / / g 35 8 /,/ ./ /.
m40j/ S . s S wf /‘//.
woF /¢ =15 e "
LA/ . // /
w0p// oSl . 0F /fm
:/./' 0 30 60 90 120 150180 210240 | /'
10 7//m t/min /°/
0 I NN TN AN N SN NN (NN SO (N SO N S I S | 0 /.u 1 1 | 1 | 1 1 1 1 1 1 1 |
0 30 60 90 120 150 180 210 240 0 30 60 90 120 150 180 210
t/min t/min
B2 CWPO T.ZM UV-CWPO T2l TG PEHELL X-3B ZBRA AN
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Table 1 Apparent reaction constants for dye degradation by CWPO and UV-CWPO
CWPO UV-CWPO
I/C B (x107)/ 1/ & E/ k(x107)/ 1,/ & E/ ka/ky
min~! min (kJ-mol™") min~! min (kJ-mol™")
20 5.50 126.02 0.9980 9.04 76.67 0.9886 1.64
30 7.60 91.20 0.9955 40.24 13.95 49.68 0.9924 32.79 1.84
40 9.35 74.13 0.9900 19.00 36.48 0.9902 2.03
50 11.92 58.15 0.9925 32.73 21.18 0.9939 2.75
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in the catalytic system
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Fig.5 Mechanism of X-3B degradation in UV-CWPO process
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Fig.6 Effect of tert-butanol on reactive brilliant red X-3B removal
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Fig.7 Gas chromatogram of intermediates formed from Reactive Red X-3B by UV-CWPO process
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