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Performance Study of Bromochloracetonitrile Degradation in Drinking Water by

Fe/Cu Catalytic Reduction

DING Chun-sheng, MA Hai-long, FU Yang-ping, ZHAO Shi-du, LI Dong-bing
(College of Civil Engineering and Architecture, Zhejiang University of Technology, Hangzhou 310014, China)

Abstract ; The paper used the method of iron copper catalyst reduction to degrade low concentrations of bromochloracetonitrile ( BCAN)
to lighten the damage to human being, which is a kind of disinfection by-products ( DBPs) produced during the chlorination process of
drinking water. The removal efficiency of BCAN and its influencing factors were investigated. The mechanism of degradation and
kinetics were also explored. The results indicated that iron copper had a greater degradation ability towards BCAN, and the degradation
rate of iron copper ( mass ratio of 10: 1) was 1. 5 times that of the zero-valent iron. The removal of BCAN increased obviously with the
increase of Fe/Cu dosage. When the initial concentration was set at 20 pg-L ™", after a reaction time of 150 min, removal of BCAN
was improved from 51. 1% to 89. 5% with the increase of iron copper (mass ratio of 10: 1) dosage from 5 g-L ™" to 10 g-L™". The
temperature also had great impact on BCAN removal and the removal increased with the increase of temperature. However, BCAN
removal did not change a lot with the variation of the initial concentration of BCAN when it was at a low level. The BCAN degradation
by iron copper catalytic reduction followed the first-order kinetics model.

Key words; drinking water; disinfection by-products ( DBPs ) ; bromochloracetonitrile ( BCAN ) ; iron copper catalytic reduction;
kinetics
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N 1.0 g [ Fe/Cu IR G (Fe/Cu JiTfE LR 10:
1), $RJG 4B 100 mL ¥ B8 20 pg-L ™' BCAN %
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FE R[] BOK AN E F6 4 BCAN VB

I, Fe/ Cu MEALIA 5 SN FE BN N 52 B
BCAN f4 H B /K fi vl LA Z 0.

1.3 HniE
1.3.1  KFER AL P 2

FEM B RO B ( LLE ) #E47 & 48, SR 5 HR
FHETE/ BT (GC/MS) #EATA . DHL 25 mL f¢
IKFERINA 8 ¢ JC/KBRER AN Y 40 mL &£+, I
7 BPER S H 58 A . (AT JCK SRR AN AE 5 9
1 600°CHE 2 h, & 58 Ak A BRI VE A, @I 2
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Fig. 1 Effect of iron and copper mass

ratios on the removal of BCAN
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Fig. 2 Relationship between In(m, o/m,) and

time at different iron and copper mass ratios

®1 TF Fe/Cu RELLHFHTHREEEFEMEETEH

Table 1 ~ Reaction rate equations and correlation coefficients at different iron and copper mass ratios

ia=2 Fe/Cu ittt LT K1H LMRA R
1 il Fe In(m, o/m,) =0.003 30t 0. 003 30 0.9347
2 20: 1 In(m, o/m,) =0.010 2 0.0102 0.978 1
3 10:1 In(my o/my) =0.014 1¢ 0.014 1 0.9512
4 8:1 In(m, o/m,) =0.016 3t 0.0163 0.9802

2 Al 5, Cu B B EAL/EH , Fe/Cu
RA WL Fe J3BR BCAN 1 S5 4R I,
HEEE Cu S8 18NN, Fe/Cu 2Bk BCAN 1Y 2 )07 1
K. hE 2, #1ATUERIE)E In(m, o/m,)
555 g B[] 2 B 2 OC & M OGR4 0. 978 1
0.9512, 0.980 2, # KM 4T, B Fe/Cu 1 JF R
fit BCAN B3 FRAF A — .

2.2 X BCAN FEASCR I

Fe/Cu 8 fill £ %F (% it BCAN 2SR /9 52 mi
& 3.

HE3 HATLLAE S, f sy 5, 8, 10, 15 Al
20 g-L™' 1Y Fe/Cu IR 5 W44t 150 min J2 B Ji5 XF
BCAN WF&f# K535 51.1% . 71.1% . 86.15% .
89.5% M1 92%. A W, Fe/Cu HEMEAE 10 g-L™" LA
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Fig. 3 Effect of the dosages of iron and
copper on the removal of BCAN

T, K& Fe/Cu B BRI, BCAN [EA#ECRA W
R XA TE SOV ) BCAN Fr 41T,

Bl Fe/Cu FEIER BYBE I, 78 5N AR 25 P9 5 HL Tt
e tgm , IS 5 £ 19 BCAN 7E B4R 755
T R T R A AR AR, 12 Fe/Cu £ 0HE:
ML 10 g+ L7 B Fe/Cu £INHE 34N, BCAN [&
R RCRAA K, X Fe/ Cu #0145 &0 )
P22 Ak 3 1 400 RN, BCAN P& e 250 358 188 AS 1 i
IR 2P, UL iR K Fe/Cu M8 4R 10
g L7,

B Fe/Cu FI0HE W] LA BCAN Bk %
DB B Fe/Cu $NE FIE N, 3K T BCAN
J N 1) A0 3 T AR B R EL AT AR AE Y Cu 1Y)
TN TR AT

XFARTA] Fe/Cu N5 BCAN 38 J5 R i 1 12
7R B AT R A 53 2.

R2 TR Fe/Cu MEFZHTHREERFREMEEEH

Table 2 Reaction rate equations and correlation coefficients at different dosages of iron and copper

K Fo/Cu Bt /gL~ Lt K1t AAERH R
1 5 In(m, o/m, ) =0.005 00z 0. 005 00 0.989 7
2 8 In(m, o/m,) =0.009 20t 0. 009 20 0.9523
3 10 In(m, o/my) =0.014 1¢ 0.014 1 0.9512
4 15 In(m, o/m,) =0.015 61 0.0156 0.969 5
5 20 In(m, o/m,) =0.017 41 0.0174 0.9587

M2 A1, B Fe/Cu SEME 3N, 5 ek
KRR, FEEM A Fe/Cu =AY, Fe/Cu
Hh A SRR L S T, IR Fe AR Ak 2
o7 T RE IR A 7T i v o S R
2.3 JREEXTEBE BCAN 5200

TRPBEXT Fe/Cu 5 BCAN SRS A& 4.

25.00

- 20°C
- 30°C
20.00
E
Zas00
=
:%
Z 1000 |
b
=]
5.00
0 1 L 1 L
0 30 60 90 120 150

I i) /min

El4 REX Fe/Cu %£E BCAN M40
Fig. 4 Effect of temperature on the removal

of BCAN by iron and copper

F & 4 Hn] I, BCAN R fif 200 e 25 L 1) 7
A PTG, FEIREE 49k 20, 30 A1 40°C , Fe/Cu
B 10 g- L' WA E R 20 wg-L~'AY BCAN

VSR, R VHEATE] 150 min BF, BCAN f4 [ i 3k % 4%
HIEE] 86. 15% . 89. 6% F192. 5% . X &K NFEE
M EE ) FHET , BCAN 43 1B 8 Re s K, 0 18 3l
HEE SR, 5 A Ak ARG 5 A T BCAN 431
(O 5, 4 i A S, i R 200 LA AR P 3% 1k
SR Z ) O R R OR $E = T BCAN Y RE

B4 b BT RS, SRk 3
FiR. FIUL B IR A, Fe/Cu 22B% BCAN Jx
o7 T3 HEORE I PR, N TR I b PR
2.4 BCAN WJIRH XS 2:BR BCAN 5200

BCAN ) GA e FE X} Fe/Cu £ BCAN SR 195
M A S

FH L5 AT, XS0 iR vk B2 4300 10, 20, 30 Al
40 pg-L~" ) BCAN KN #£47#] 150 min B, BCAN
F A AR A3 A 2 83.75% . 86. 15% , 88. 7% Fil
90. 1% . W] W, BiZ BCAN %) 4 He & B 14 i, BCAN
FIREAR SR — s B4 B IR . 20 HTikhy
F T BCAN 8155 Fe BB HL 7 M 1T SE B IR
JrREA# , 24 BCAN IR BEAEBARTE B, Fe/Cu &
AT T BCAN Sl & 1Y, RS Fe /A3 3] Fe T RBEIL
L, FE BCAN IR BEAY3S N, 35 K T BCAN
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Table 3 Reaction rate equations and correlation coefficients at different temperatures

s R/ ey KfE LIERB R
1 20 In(m, o/m,) =0.0142; 0.0142 0.9513
2 30 In(m, o/my) =0.016 2 0.0162 0.9511
3 40 In(m, o/my) =0.018 0 0.0180 0.970 8
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Table 4  Reaction rate equations and correlation coefficients at different initial concentration of BCAN
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Fig. 5 Effect of different initial concentrations of BCAN
on the BCAN removal by iron and copper
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