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Kinetics and Degradation Efficiency of Benzotriazole in Water by Ozonation

CHEN Zhong-lin, CAl Jin-ling, SHEN Ji-min, DONG Lin

(State Key Laboratory of Urban Water Resource and Environment, Harbin Institute of Technology, Harbin 150090, China)

Abstract: Benzotriazole ( BTri) is widely used in industrial processes and households as anti-icer and corrosion inhibitors. However, the
removal of BTri hasn’ t been reported yet. The results of an experimental study are presented which provide values for the reaction rate
constants between molecular ozone and BTri> and overall reaction rate constants for the degradation of BTri in the pH range of 7-8. The kinetic
rate constant for BTri degradation by molecular ozone was calculated to be 20.18 L*(mol*s) ™" according to the experimental data. The study
showed that the reaction between ozone and BTri was influenced by some factors. The degradation rate of BTri increased with the increase of the
solution pH value and the water temperatures but changed little in the presence of some anions, such as NO; » SO;~ and Cl~ . The hydroxyl
radical inhibitor tert-Butyl alcohol affected the removal of BTri to some degrees which proved that the ozone molecule was cooperated with the
hydroxyl radical to remove BTri in the oxidation process.
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Fig.3 Determination of the rate constant of the direct

reaction between benzotriazole and molecular ozone
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Table 1  Determination of the rate constant of the direct

reaction between benzotriazole and molecular ozone

00,1 ko

YA BT ]

RECED R? ?
/mge1.”! /mgeL.~! /LeCmol®s) !
1.0 3.161 0.00119  0.99540 18.07
1.5 4.929 0.0022  0.99119 21.42
2.0 8.281 0.00363  0.991 89 21.04

2.2 SLEEEAL BTri 9200 s W3 5 4L

A (5D F 7R B AL BT (1 SN

— d[BTril/di = ky[BTrilLO, ] (5

X Fep [ L/ Cmol* ) 1387 SLA AL BTvi [ IH 3R
L2 T 26 R

BERR 2 v ¥ pH R A v M2 AT, TRV RE (9 ) i
it e AR X 4 I LA AL BT (1 W e Y
B E L 1T - OHS AN ROV IR 2 R R )
I THE R PR T LS £, R E il e A S H
BRI B0 5 N3 256 5 3 TR M o 0 S AR AL
BTri [N [ 3 WS N3 265 B gy, RAE OHS BT
()42 s W2, R U CSHR 15

In([BTri ), /[ BTri],) = kmj”[oﬁdt 6)
0

S [ S I N A LA A A R
TR AR AR I A7 76 SLAR 20 T D B, %
5 N RN T S AR AL BT Y, 0
[BTril=1 mgL™", Kx Lo, ] 5 LBl A 4L . FIH]
AR 5L AL I HBR A v A L, 1R
ln([BTri]()/[BTri],)-j;[Ozjdt ), 42 B LA

BTri I F2 18 2 W0 S5 N 285 B Ky

0, XA WA K 2 PRt — R
B2 RN, J N3 e 0 HAT I B, R R A AR
pH 251N s o — M2 W) 2 B 8, B sy pH B, HO™
SRR 0, S, 77 AR AR BE ) FE SR IK - OH,
< OHAE A B B Pk S A A ML I B RO 3 B 1
ARG WA N HFEALE 10° ~ 10°Le (mol*s) ™.

TEZE VR W, SLAR ) o0 i 1 5 S A g
IRKFERE B AKH T pH A, — R UK P R4
(199 fifé T 55 B A5 V5 B pHL AL T 582 v v bR A5 R
FUFF RED RSN, LA T EUS TRESAET
R MERRIE A A, LA B 7 A 0 A 2B
3L U0« OHZE 5 PESE P | SLA 7E 28 1R /K op 4 it
R ~ (13):

HO™ + 0, —> 0, + HO; @)
HO; + O, = HO,*+ O; * ()
HO,*— H* + 05 (9
0;°+0;,—~>0, + O (10>
0; * + H' = HO,* an
HO,*—>+OH + 0, (12)
*OH + 0; > HO,* + 0, 3

4 AATF pH 4 A4F FIBTr 1 L0, 14840 ]
PLEH, Y pH=6.63 I, [0, J& L H 1 min TG,
FEATRELE 5.1 mge L™, HR VR FHEN, AN
67.07 L*Cmol*s) ™" AHY pH > 7 )&, L0, JEHT 1 min
PR pH 1386 K T el 2>, 3% 32 222 i SLA 4 1 R
PESA T Sy o3 At FITES AH [0 B S B TR) P BT (1) 96 4%
WEABE pH 1R 1S KT ok, 2 B A8 B AL BT
PR, coHtE 2 5 T %4k, Hs & KT R4 7+
AL A AEANTE pH 547 R B In(CBTvi ], /L BTxi ], )

ﬁj;[@]dt PRI 5, % L2 (RS A4 R pH

EAAT N BTri ML N A 4, 2 2 2 AN pH
ZAF N BT 5 0, AU S W38 5 5



4 1 b aE

s SLARUREAR K R A = M e N Bl ) 2 S B RERTE T

1047

PAZE 2 ™1 BTri 55 O, M2 B 0 18 28 5 5 ke
XF pH A, FFREAT AR, S5 R A& 6 Fros, fEA
W pH S5 H A Ch PRI pH b 6.63 ~ 7.83),
by 5 pH A IREF 2 ARGV, HURIZRAOK, Btk

R (pH = 6.63) 45 1 F BT 1 )& B # % 67.07
LeCmol*s) ™ "AHEL, pH L34 K 2] 7.83 I, BT I
IR A 582.69 Le(mol*s) ™", LA HTH 1 9 %, 1t
0 HO ™ AFAEAR KRR b R InTae e S B PRI EA T

8 1.5

(B) —o— 05
6l —=— BTr pH =7.05
T=17C Lo =
T Bl = 1mgL? |7 o
q =1
en
E4f g
5 z
< )
2 L
0
8
D
(D) 05
6 H —— BTri
™ pH=17.83 105
2,0 r=17C g
= [Btr], = 1 mg-L™? =
) =
= {05 &
2+
0

L 2 L L I 0
50 100 150 200 250 300
Rz [Al/s

TE pHHEHTEH MR RED FRENTL

Fig.4  Variation of molecular ozone and benzotriazole concentrations with different pH values
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Fig.5 Determination of the rate constant of the

overall reaction between benzotriazole and ozone
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Table 2 Determination of the overall rate constant of the

reaction between benzotriazole and molecular with different pH

pH R? B kppi/Le (moles) ~!
6.63 0.980 19 63.42
7.05 0.980 6 194.50
7.45 0.991 38 405.29
7.83 0.992 04 582.69
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Fig.6  Linear fit of relationship between overall

reaction rate constant and pH value
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Fig.7 Effect of initial pH value on benzotriazole

removal by conventional ozonation
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