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S FH K R A8 KBr(Br 5 48 R 500 pg LY 9 g K, gk KOOk BT 2e B3 T I K Ak
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Fig. 1 Experimental setup
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Fig. 2 Variations of organic matter removal efficiency and BrO, mass concentration at different ozone dosages



1228 ok L B ¥ W EEAVE S

O, Ml-OH M & it i K, KRR WA LR I 3G 5R , safk 17 A WL L BR 09 [ B TE 2 0 Brl Oy FL#:
o -OH 0] 4% & fk & BrOo, M0, [, HE 200) /T AF R, 7 3FRAHIMET, KA 8 minJ5
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BrO, T e IR, DI 75 % HOC 1K 22 A IR R £ 4 20 itk A7 45 il
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Fig.3 Variations of BrO, mass concentration at different ozone dosages with the addition of H,O,
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%, FERABIE A 4.5, 80H 1.3 mg L BF, 4 n(H,0,):n(05)=2 it XF BrO, (14 i K4 il 5 53
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[7] 5 S B B B0 K0, i 2 Ff i A8 3 BrO, 2E I8 A STRR A o HLO, il 45 14 1 A [A] 5 S 5042t 19
HOC & & 11 pCBA LRtk ((-OH 1y & 728 4k) Wl 4 fros . BiE RABIMERNE K, pCBA £k
o, VL HOC R R P AE il T B 2 1 -OH. 7E M — RASNE T, BEE HO0, $om i i 8o,
pCBA R & /b, Uil HOC 1A & i -OH Mk BEREAIR, 3xX 9 XTIV B2 19 H,0, REAE HF O 7 il ™
A=-QH,, TR e 1 H,0, AL BE-OH /7™ A ik 22 5 -OH FL i, T AEIR & rh i -OHP 2,

B A o i SN — S sl S Or FRAUA R an B S R, RfE HLO0, BRI K, HOC (K &
LS RRT 15 s A BRI B 475 >K i (instantaneous O, demand, 10D) 34K, #iH H,0, fE it T R & 1Y 41
fift, FRAR T R FUR MR , BEMTME] 1 BrO, 19 R A B A A i 2P

H,O, Ml 64 T AN R LA B & 1 R, B A& 6 7%, 7E HOC 1 51 #1) ik B B¢ R, f PR 3T
K, PR IR FEEE . R AR AHF R, FEE HO, Ak e, R EIE K, U HO, e



%4 XIBFRSE: RATREERN G R P H,O R ERELAE B ISOR BAH 13 1229
100 100 —a— 1n(H,0,)n(0,)=0 100¢ . _
e n(H.0.yn(0,)=0.5 - OO
S S5 ~v n(H,0,):n(0,)=1.5 S . (HZO2);Z (OLs
ﬁi 60 z 60 —+- n(H,0,)n(0,)=2.0 g 60 —e n(H.00:n(0,)=2.0
Y —a— 1(H,0,)n(0,)=0 4 1
< 40 —e— n(H,0,):n(0,)=0.5 < 40 z 40
3 —a— n(H,0,)n(0,)=1.0 3 g
= 20 ~ n(H,0)n(0,)=1.5 = 20 20t
& n(H,0,)n(0,)=2.0
oL e e
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16 02 4 6.8 10 12 14 16
S5 IW Bif ] fmin S W Hif ] /min S o7 B () /min

(a) RABIMAFA4.5 mg - L

(b) AR FS.0mg - L'

(c) RAEHIMAE11.3 mg - L

4 H,0, MFIFZFHTAEIREAKRMER pCBA EFRiIZk
Fig. 4 pCBA removal curve at different ozone dosages with the addition of H,O,
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HET Oy M5, A R ™ AR B -OH BR3P % 5L AR N 1938 K, HLO, B B AR [F] A,
R A%, ULHH Oy 1) 2 5 ik I 2 B 4045 n o 1 185 o iy 485

HOC f& Z v -OH [i] 322 40 Ak A1 R 48 1 42 S8 AL % BrO, 2B 1B STk A-OH) Fll AO,) InZE 1 fr s, 4%
RRW, KB H,0, Bf HOC & & b 54 3 A ) Broy (94 il R 2EA/E T, 76 A [F) R4 380 it
T, RAH A TR A0,) WAEFTE 80% L) I BiE RASINE 8, HOC KR+ 0, 1Y
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Table 1 Contribution rate of Bromate formation at different ozone dosages with the addition of H,0O,

) ANTA) Rz B[R] T - OH)/A(O,)
REmgL™)  n(H,0,):n(0,)

0.5min  0.75 min 1 min 2 min 3 min 5 min 7 min 9 min 15 min

0 0.16/0.84 0.13/0.87 0.11/0.89 0.10/0.90 0.09/0.91 0.08/0.92 0.08/0.92 0.08/0.92" 0.08/0.92

0.5 0.17/0.83 0.13/0.87 0.14/0.86 0.09/0.91 0.08/0.92 0.08/0.92 0.10/0.90 0.11/0.89 0.13/0.87

4.5 1 0.25/0.75 0.21/0.79 0.26/0.74 0.17/0.83 0.15/0.85 0.13/0.87 0.13/0.87 0.13/0.87 0.13/0.87
1.5 0.36/0.64 0.28/0.72 0.26/0.74 0.19/0.81 0.18/0.82 0.15/0.85. -0.15/0.85 0.15/0.85 0.15/0.85

2 0.34/0.66  0.27/0.73 0.23/0.77 0.20/0.80 0.18/0.82 0.17/0.83 0.16/0.84 0.17/0.83 0.17/0.83

0 0.12/0.88 0.09/0.91 0.08/0.92 0.05/0.95 0.05/0.95 0.04/0.96 0.03/0.97 0.03/0.97 0.03/0.97

0.5 0.13/0.87 0.10/0.90 0.09/0.91 0.07/0.93 0.06/0.94 =~ 0.05/0.95 ~0.05/0.95 0.05/0.95 0.06/0.94

8.0 1 0.15/0.85 0.12/0.88 0.16/0.84 0.09/0.91 0.08/0.92 0.08/0.92 0.08/0.92 0.09/0.91 0.10/0.90
1.5 0.19/0.81 0.14/0.86 0.13/0.87 0.10/0.90 /0.09/0.91 0.07/0.93 0.07/0.93 0.07/0.93 0.07/0.93

2 0.24/0.76  0.18/0.82 0.16/0.84 0.11/0.89 0.11/0.89. 0.09/0.91 0.09/0.91 0.09/0.91 0.09/0.91

0 0.08/0.92  0.06/0.94 0.05/0.95 0.03/0.97 0.03/0.97 @ 0.02/0.98 0.02/0.98 0.02/0.98 0.02/0.98

0.5 0.14/0.86  0.11/0.89 0.10/0.90 . 0.06/0.94 0.05/0.95" 0.05/0.95 0.05/0.95 0.05/0.95 0.06/0.94

11.3 1 0.20/0.80  0.13/0.87 0.11/0.89 0.07/0.93 0.06/0.94 0.05/0.95 0.05/0.95 0.05/0.95 0.05/0.95
1.5 0.18/0.82 0.24/0.76 0.19/0.81 0.13/0.87  0.10/0.90 0.09/0.91 0.08/0.92 0.08/0.92 0.08/0.92

2 0.21/0.79  0.21/0.79 0.18/0.82 .0.11/0.89 0.09/0.91 0.08/0.92 0.09/0.91 0.10/0.90 0.11/0.89

R, SR EHE AR TR IR, YRR 11.3 mg L™ B AO,) AT 35 F] 98%.

bifi & H,O, B 3% K, -OH XJ BrO, 48 i 1) 5Tk % A-OH) ¥4 K, AO,) MHRN R, SAHm
oM 4.5 mg' LB, O n(H,0,):2(0,)=2 11 H,0, # # F & # I H,0, fif [ I ¥ 1& B B A(-OH)
15.83% 41N % 34.44%, J2 5 W1 A-OH) H 7.90% 54/ % 16.88%. 1E H,0, BN HI 50T, 521 B ]
TE 0~5 min P f-OH) & Wi hd 2>, KO,) & i 14 I HLEAE 60% Lk I 5 7F 5~15 min (1% J i 15 [B] Py 5 4R
5 -OH WY 5Tk RIEAR R FE , H A0 MR FH7E 80% LA o HIt, 1€ H,O, Il &4 F R4A H Ak
542 HOC 1K £ h BrO, 7 i) B k4t .

2.3 HOC & Z& H,0, {7 12

FEEFE HOC 1R & P H,0, X BrO, A= Bl i 4 il R, a2 7 S 3% i &: o0 4.5 mg-L™' B H,0, il
il 24 T /49 Br Fi HBrO/BrO i i v B AR L AN IR 7 fif 7, BrO, Ji ot ¥k B2 A8 fb A 1] 3(a) At/ o 1 i
W1, W H0, i, & FR o HBrO/BrO™ it i e FE AR R £ S AIKK -, Br i TH AEHI BrO, 19 AE AR 45
NG s AE e E B, B A H,0, B TE FE, LRI R g, xE DL 4k 22 ] Brd A AL,
HBrO/BrO U B, BrO, A= B BN . H,O, #M & #k K, HBrO/BrO 4k 43¢ 1% 5t 1 Wk B A9 i [1) i
K. BrOs i 24 il i 8K, 4 n(H,0,):n(05)=2 B}, HBrO/BrO 7E K i Hij 10 min Y T & ¥k B 24 7F
0.0l mg- L' LA'F, BrOy S E B W7E 0.01 mg' L' LIF .

Bt [ In(C/Co)-t LS W&l 8 Fr 7w, 1T Br Jo 2t e 5 119 T 6 2k 2 40 kg PRkt o B3 A 0 5okt o B
XTPIIHFERT B AT LA, 58] T AR H0, B T i Br il — 2% 5 0 5l 85 5K ko, SRS 25 R
W2 2,

R 2, 7F HO, MHl 54 F B HOC IR R T, 4 n(H,0,):n(0,)>0.5 B, Br 13 #E i i A 1% 5%
PRV AR 12 T FECY AR BT SE R MO AR S T AR . AE R NI T, BT B0, M EIVE
Br (I FE HURH RSN, H HO0, B ok, WHFEH R E BT, 4 n(H,0,):n(05)=2 B}, Br A
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Fig. 8 Kinetic fitting of Br" consumption

F2 H0,HEFGTHBrigRN—REREH (k)
Table 2 k,, of Br" consumption with the addition of H,0,

n(H,0,):n(0;)  KHT[]/min

AT R k/min'  R?

0~10
0
10~25

y=-0.033 7x—0.019 70 0.033 7 0.985
y=-0.013 4x—0.234 00 0.013 4 0.976

0~6
0.5
6~25

y=-0.022 9x—0.018 86 0.022 9 0.950
y=-0.020 0x—0.038 59 0.020 0 0.990

0~8
8~25

y=-0.0154x-0.011 67 0.015 4 0.955
y=-0.018 0x+0.011 12 0.018 0 0.990

0~10
1.5
10~25

y=-0.011 0x+0.005 83 0.011 0 0.971
y=-0.017 2x+0.076 27 0.017 2 0.983

0~15
15~25

y=-0.005 9x+0.003 51 0.005 9 0.991
y=-0.014 5x+0.135 60 0.014 5 0.983
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3 i
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Inhibitory effect and mechanism of bromate formation by H,O, in the hybrid
ozonation-coagulation process
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Abstract In this study, the inhibitory effect of H,0, on bromate disinfection byproducts (BrO,") formation in
the hybrid ozonation-coagulation (HOC) process was investigated, and the main generation pathway of BrO,"
and the inhibitory mechanism of BrO, generation by H,O, addition were clarified. The results showed that
when, n(H,0,):n(0,;)>0.5, BrO,” formation could be effectively mitigated. When the ozone dosage was
4.5 mg-L™" and n(H,0,):n(0,)=2, BrO,” production could be effectively controlled below 0.01 mg-L™'. Through
the analysis of BrO, generation contribution rate and Br™ consumption kinetics, direct ozone oxidation was the
main pathway of BrO; generation in the HOC process, and the contribution rate maintained above than 80%.
With the addition of H,0,, the contribution rate of *OH indirect oxidation increased, while ozone direct
oxidation was still the main pathway for BrO,  generation with the contribution rate above 60%. With the
addition of H,O,, the consumption reaction of Br was slow at first and then became fast. The oxidation process
of Br was inhibited during slow reaction at the early stage, and the presence of residual H,0, during fast
reaction at the later stage reduced the concentration of oxidizing substances in the process, thus effectively
inhibited the formation of BrO; .

Keywords hybrid ozonation-coagulation (HOC); bromate (BrO;"); disinfection by-products; kinetic analysis
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