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. B — G R Bk AE 0,/H,0, XK ( Prometon) B AALALARE, 51 T n(H,0,)/n(0,) .pH {E 7K J5F FIBR R
SR T XT L BRAFE I G LA AT B AT T AR AR BT 2 AT, LA B - vkl T R B R AR i NO, | TR AR
Tt b= X B A AR AT T AF ST S5 SRR SN IGEWIRYR B 2 me- L' RV IR JE 25°C, 0, 85 13 mg- L', BRI 4%
8 n(H,0,)/n(0,) =0.7 KR pH N 7 ~8; FNKIELE A KA EERBCER I F4izk; HCO; HRIE >50 mg L', XF MK
T AT B S PR . YRS SUB  o Brah R R AN KGR IR TT IR A AT B N IGE =R IR SR R 2 NSRS
Se AL B T ORI R A NO, S = BRI S A B L AR PR .
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Degradation of Prometon by O,/H,0,

LI Shao-feng' , SUN Chu’

(1. Department of Building & Environmental Engineering, Shenzhen Polytechnic Institute, Shenzhen 518055, Chinaj 2. Department of
Environmental Science, Northeast Agricultural University, Harbin 150030, China)

Abstract: The removal efficiency of Prometon degraded by 0,/H,0, advanced oxidation process ( AOP) was represented by the
pseudo-first-rate order to discuss the effect of n(H,0,)/n(0,) ,pH, water quality and HCO; . The organic products were characterized
by GC/MS and LC/MS and NO; produced during degradation was determined by IC, on the basis of which the degradation path of
Prometon was also investigated. The result indicated that when concentration of Prometon was 2 mg-L™", dosage of ozone was 13
mg-L"", the reactive temperature was 25°C ,the optimal condition of degradation was as follows, n(H,0,)/n(0,) =0.7, pH 7-8;
The micro inorganic and organic substances in tap water promoted the removal rate of the Prometon comparing to that in pure water, and
HCO; showed inhibition effect on degradation. The results of GC/MS and LC/MS suggested that the triazine ring of Prometon was not
destroyed during the AOP,the two isopropyl of triazine ring were disengaged firstly, and the NO; detected by IC might be the oxidation
product of the amido of the triazine ring.

Key words : Prometon; O,/H,0,; advanced oxidation process (AOP) ; products; degradation path
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Fig. 1 Scheme of experimental setup

EHEA VRN 0.5 Lemin ', DLAIUEE VR DU 2 LV
FEa O SRR E R 1. 29 mg- L' BURE L8EAE
N7 TS SO g 2 P . Y6 AR 2 SR
() 500 mL AL SO .
1.3 Ak

FNIGH e R ] HPLC 22, (435% 4. 4. 6 mm
x 150 mm,5 pm A C18 ¥, sl 205 + K =
70 + 30, K 9 9% K 245 nm, i sh AR E N 1
mL-min "~ FEFER 25 pl. H,0, ¥R A A RREK AR
SR . SRR AR B R IC e, BT
JYESHE :Ton Pac AS9-HC 4 mm x 250 mm 43 #r4E 5
J4E . Ton Pac AS9-HC 4 mm x 50 mm, B, S 4G 2%
WRPER 9 mmol - L' A R SUA (DL 4l ) 5 ¥, Itk
1 mL-min ", #FFEE 25 pl. $RIGE A HLEIL =Y
K JH GC-MS il HPLC-MS #E4743H7. GC-MS {34
Agilent19091G- 133, #% < He (99.999% ), i # K
1 mLemin™",2 mg-L™"#¢ 5 & 7= 9 4 5 98 45 pH {4
2.0,7.0 F10.0 4 3 H A AW, A IF %
WO ek 25 RURARE | mL ZoAy , ERE R 1 pL, AEIR
KA P FHER, WA IR 50°C, f2£4F 1 min J5 LA 10
°C ~min "' BT EE T & 100°C, FEA£EF 1 min J5 DL 15
°C ~min ' A BE THE 2] 140°C , 7E 140°C {5288 5 min,
HERE TR 140°C ,EL YR 70 eV, B FIRIEE 230°C , 1
FHTEE R 20 ~500 u. LC-MS JFii 414 EST I8, B 1
JRHUE 3.5 kV, B HLE 24 V, BAIEIRE 250°C
FIHEAIXT T 60 ~ 290, MS/MS HBE,; (i &1
KA G + K =60 +40, %200 pLemin ',
3EFE Thermo 2. 1 mm x 150 mm.

2 HERS5HH

2.1 FALFNKGESZ M 2R

INKGE PRI ER R EE2 me- L™, 0, F5F5238 A S
v, TR O, W BEARXS T Fh I e B ol & Hk e
FE  FFBOE - OH A M FE 1E 2 | DRI W] IA R 1 I Y 4
AT A —H S 3h 32> s (1) FioR, [M]
NI

dlM] _ -
“d - k03[M] +honlM] =k

+ [M]

(1)

overall

2.1.1 0,/H,0, K& H,0, # N

n(H,0,)/n (O ) XFFh I 1) 50— G 5 oj 3
AR LI 2. )RR 2 pH = 6.91, RAHE N 13
mg- L~ B A U AU Ak 4 I DR F B 0,013
min "', 24 n(H,0,)/n(0,) =0.2 i, $H T8 A3 R



1262 2N 5%

B 2 33 %

HHOE 2 0. 050 min "' BE H,0, B AN, $h K 8
FALIHE R K AE n(H,0,)/n(0,) =0.7 L E]
AR (0. 14 min ") ; ZJGkE n(H,0,)/n(0;) B mEH
IGE Y S TR AR, 24 n (H,0,)/n(05) A
1.0 Al 1.5 BF, K38 1 2 5 £ 4R 0,090

in~'f10.060 min~". O] W, n(H,0,)/n(0;) =0.7
I, F K8 22 BRSO et

y=-0.0131x
J p = =0.050x + 0.027

TR .
y=-0.060x-0.012

-1.5 F y=-0.090x-0041°
y=-0.113x - 0.08%

In (eifey)

y==0.14x - 0.162

=25 Fu HighO; o n(H204)/n(03) = 0.

An(Ha05)/n(03) = 0.5 @ n(Ha02)/n(0s) = 0.7

3.0 P4 n(H202)/n(03) = 1.0 &n(H:02)/n(03) = 1.5
1 1 1

0 5 10 15 20
R I ] /min
[ Prometon], =2 mg-L~!, T=25C,pH =6.9

B2 H,0,mEXth XKid X E

Fig. 2 Variation of pseudo-first-rate order of

Prometon with H, 0, dosage

2.1.2 KR pH 5
KA pH (HI2 H,0, 1EK )50 .

H,O0, IR H,0 + H*
(pK, = 11.8) (2)
0, + HO,— - OH + 0, + O, (3)
T H,0 & -OH™ A M5l &H, Nk &
FRWREE([H ) sk & -OHMY ™ 4, KM
MLHT ) BOGEBOR R T - OHE = A4, InE 3 TR,
24 pH =3.15 i (AR Y - OHYR FEAR , $hKd 7Y

0 R - -
- . y=-0.015x-0.010
B —n——t,__ a "~ .
w @
05 ¥ ==0.053x +0.092
-1.0 _ =
-~ y=-0.113x + 0.006 y=-0.108x + 0.084
S CI5F p=-011lx- 0003 ¥
£ 5 y=-0.14Tx - 0.009
opH=3.15 o pH=500
251 apH=651 v pH=1755
epH=900 & pH=11.01
-30
1 1 1 1
0 s 10 15 20
B2 I i) fmin

[ Prometon], =2 mg-L~", [H,0,], =10 mg-L~"',7=25C
B3 pH X} i@ KR RE T

Fig. 3 Variation of oxidation rate of Prometon with pH

SR R H BN 0.015 min 'L 24 pH {EH A
3,15 W= 7. 55 B, FD I Y SN R % 4 i 4
KK 0.147 min~'. ffiJ5 pH {H 4k L34 K8 9. 00
F11.01 B, Jz g 2 E KO0 43 51 B R 0. 108
min "' F1°0. 053 min ", A UL it R A pH (E L 2 B
=R AT
2.1.3 KA

AR pH BIA AT Hrh 4 KK R 1Y pH
H16.08, FANRKIKZR pH A 7.2. I 4 AL, 76 A K
IRAJRSAE T $h I 1) 2 38R (0. 221 min ") B
R T AE 2l K 45 R Fh K 1 ) EE R (0. 126
min ") . R T H R K AR R S ES T
(HFHN 236.2 pS-em ™) A HLY JHFEIR (55
Hﬁiﬁ“%&jﬁm 2 mg-L™",UV,, =0.022) %k A H

N AEE T SRR RN I HEA T

-0.5
_|0 f—
_|5 [
_20 [
-25
a0
_35 [
-4.0 | w4l

-45 | © H¥K

-5.0 I I I I
0 5 10 15 20

R i i) fmin

y=-0.126x + 0.144

In (ed'c)

y=-0221x+ 0.008

[ Prometon], =2 mg-L=", [H,0,], =10 mg-L~" , T=25C
B4 TREKERINRIE R EREREH
Fig. 4 Variation of oxidation rate of Prometon in

tap water and pure water

2.1.4  BRFERERE TR
TR TRAR A R AR X2 2y ) Pl B A Al ), 5%
SEA MBI .
CO> ++ OH—— OH™ + CO;”
HCO; + - OH——H, 0 + CO;"
HE S Bl 0L, 24 HCO, I E N 50 mg-L~" (pH
=7.67) W, ¥NIGE By B3 H B R AR 0. 205
in " FEAK M 0. 148 min ™', 24 HCO, ¥ FE 4k 25 7
mj{l 200 mg-L~ (pH 7.22) B, R RGN
0.083 min ", FHI/KH HCO; AUFETEXTHM I 1) 48
a2 Lo~
2.2 WS
2.2.1 ¥R GC-MS 431t
HE 6 FIEL 7 X5 LU AT DA, $D I8 B AT s



41 ZERESE . 0,/H,0, BEMK N IGERLREDT 5T 1263

y=-0.083x - 0.022

y=-0.205x - 0.099

In(cley)

Sb y=-0.148x - 0.082

o [HCO3]=0mg.L™
—4 | o [HCO37] =50 mg.L™!
4 [HCO5] = 200 mg L™!

1
0 5 10 15 20
BRI [)/min

-5 1

[ Prometon], =2 mg-L=", [H,0,], =10 mg-L=",T=25C

2.2.2 JZHIH LC-MS 4r#r
8 SN IGE R Z BT LC-MS R, Y
BT R m/z 226 Fl m/z 184, Horh m/z 226 SHFhK
WA DA TR FNKE + HY ],
m/z 184 [ FNKIE + H* ] * 5235 7 B 7 A2 B e
393 = /(1 N
H H;

Bl 5 wxERSIRI N E AR R E A m/z 226
Fig. 5 Effect of HCO; on Prometon degradation 0 N NH;’
H, / Y \/
FE15.6 min 1Y F JCHE WE AT AR /)N, IR HE 13. 194 min - N /N
KR m/= 168 1970 L 1 TH DR i P AL ~
%% W B BN AR AR Z o )7 ) B DS B Al A HN
GC-MS J AR ATTh ) =B T R s e
15.672
225
a0 - 50 - 15.672 min
i CER
B 40
T 30f 235t
X 25f % 30 0o N_ N
# 0 £ Y'Y
151 20 - I
15+ H
10 j 10 77 T
3 :u— : . : 1 3 168 lIU4 I.4|.2 13‘11 | 2701 361 402
6.00 10.00 14.00 18.00 22.00 26.00 0 100 150 200 250 300 350 400 450
#/min miz
El6 #RBFERER GC-MS iEE
Fig. 6 GC-MS spectra of Prometon before degradation
168.1 13.19 min
15.649 )
35 | 32+ LR
30 | 28 |
s -+ 24 -
S a5t =
= z 0l 182.1
n 2=
E 20 13.194 @ 16 - 141.
15 =
26.255 12 -58.1
10 - |9_843_;139/ 8 —J 111.0
sk 19.304 ar I 207.0
_ L L PRl | | 0 |ll| l 1 I 1 1 1 I L 1
6.00 10.00 14.00 18.00 22.00 26.00 50 100 150 200 250 300 350 400 450 500
f/min miz

E7 #HREEMBERE GC-MS iEE
Fig. 7 GC-MS spectra of Prometon after degradation
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Fig. 9 LC-MS spectra of Prometon after degradation
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