32 9 Vol. 32 No.9

o1 9 ENVIRONMENTAL SCIENCE Sep. 2011
( 510640)
( TCS) . .
TCS pH 8.5 531.9 L+ (mol = s) ™' 10 mg» L™'
25.8 s. pH
TCS .HFeO,  TCS (4.1+3.5) x10°
Le(moles) ™ (1.820.1) x10°L * (mol*s) ™' HFeO, TCS
HFeO, TCS . n Fe(V) :n(TCS) >7:1 TCS
TCS
1 X799.3 A 1 0250-3301(2011) 09-2543-06

Kinetics Modeling and Reaction Mechanism of Ferrate(VI) Oxidation of

Triclosan
YANG Bin YING Guang-guo ZHAO Jiandiang

( State Key Laboratory of Organic Geochemistry Guangzhou Institute of Geochemistry Chinese Academy of Sciences Guangzhou
510640 China)

Abstract: Triclosan ( TCS) is a broad-spectrum antibacterial agent widely used in many personal care products. We investigated
oxidation of TCS by aqueous ferrate Fe( VI) to determine reaction kinetics interpreted the reaction mechanism by a linear free-energy
relationship and evaluated the degradation efficiency. Second-order reaction kinetics was used to model Fe( VI) oxidation of TCS
with the apparent second-order rate constant (k, ) being 531.9 L - (‘mol * s) "' at pH 8.5 and (24 =£1) °C. The half life (¢,,) is
25.8 s for an Fe( VI) concentration of 10 mg * L. ™', The rate constants of the reaction decrease with increasing pH values. These pH-

dependent variations in %, could be distributed by considering species-specific reactions between Fe( VI) species and acid-base

app
species of an ionizable TCS. Species-specific second-order reaction rate constants k were determined for reaction of HFeO, with each
of TCS’s acid-base species. The value of k determined for neutral TCS was (4.1 £3.5) x10°L + (mol * s) ~' while that measured for
anionic TCS was (1.8 £0.1) x 10*L + (mol * s) ~'. The reaction between HFeO, and the dissociated TCS controls the overall
reaction. A linear free-energy relationship illustrated the electrophilic oxidation mechanism. Fe( VI) reacts initially with TCS by
electrophilic attack at the latter’s phenol moiety. At an Fe( V) :n(TCS) >7:1 complete removal of TCS was achieved. And lower
concentration of the humic acid could enhance the &, of Fe( VI) with TCS. In conclusion Fe( VI) oxidation technology appears to be

a promising tool for applications of WWTPs effluents and other decontamination processes.
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Fig. 2 Concentration time profiles of TCS and Fe( VI)
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Fig. 3 Fit of TCS oxidation by Fe( VI) with second-order

reaction kinetics

10 000

TCS/TCS™
pKa, Tes = 8.1 los

1000

@ 0.6 =
2 100} ?ﬁ
g 04 R
2

&

PKa, HFe0,” =7.23

HF6047/ FCO427
1 ) 1 1 . . 0
65 70 75 8.0 85 90 95 100 105

4 pH
Fig. 4 Apparent second-order rate constants for the reactions

of TCS with Fe( VI) as a function of pH



2546

ko, = kyaoB, + kypa,, (15)
pH 7.0~10.0
Fe(V) . = HFeO, + FeO;  (16)
TCS ,, = TCSO™ + TCSOH (17)
o, (9) .(10) B, (11).(12
TCS k,
FeO; "
HFeO, " HFeO,
FeO:~ (13) ~(15)
Sigma

Plot 10. 0 ( Systat Software Inc.)
ky  ky (4.1 £3.5) x10°

Le(moles) ™ (1.8+0.1) x10°L + (mol*s) '

(R*=0.98). 4 HFeO,  TCS
TCS HFeO, TCS
pH
2.2
o, Lee % HFeO,
log( k;) =y, +po, 5 TCS o,
21 HFeO,
TCS
0.99 0.91. HFeO,
p -3.13( £0.13)
-2.20( +0.26)
TCS . HFeO,
HFeO, TCS
5 (o <0)
(o>0)
TCS HFeO,
TCS
2.3
TCS
6 pH 7.0
TCS
TCS >7:1 TCS
100%

32
7
HFeO4 +PhO™  p=-3.13 (x0.13)
6F @ Yo = 4.42 (£0.04)
R?=0.99
5F
a4t @
3
gt
2|
p=-2.20(x0.26)
1 | yo=2.30(x0.08)
R*=0091 HFeO,” + PhOH
0 1 1 1
-0.8 -0.4 0 0.4 0.8
oy
@2 4- 1@ 4- 1@ 4= '@
® 4- 1©4- 1@ 4=
5 HFeO, Hammett
Fig. 5 Correlations between k;; and Hammett constants
A A[TCS]
20 ) B TCS A
L
L5+ A
=
z L
g 10 L [Fe(IV)] = 7.08 A[TCS]
el
A A
Ml
05 - %
0 1 1 1 1 1 1 ! 1 ma
0 2 4 6 8§ 10 12 14 16 18 20
kAL #/pmol L
6 TCS

Fig. 6 Reaction stoichiometry for TCS treated with

increasing Fe( VI) doses

2.4
TCS
I. 5. 10,
20 mg+ L' pH 8.5
7
10 mg * L™
TCS 1 mgeL™'
838.8 L+(moles) ' >5 mg*L™" 651.4 L+(moles) -
> 10 mgeL™' 626.8 L+(moles) ' > 0 mglL™

531.9 L+( moles) ™'



2547

Fe(V) Fe( V) 2

20 mgeL ™ 459.2
L+(moles) ' TCS

23

14 24 25

In (c/cp)
!
=3
o
T
/
/

HA 20 mg-L™! u A
HA 10 mg-L!
HA 5 mgL™! A
HA 1 mgL™!
HA 0 mgL™!

-1.2 +

CmeoOpe

1 1 1
0.0010 0.0015 0.0020

j(: [Fe(VD)]dt/mol-s

1
0 0.000 5

7

Fig. 7 Effect of humic acid on k,  of Fe( VI) reaction with TCS
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