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Kinetics modeling for degradation of COD in water sample by UV/0O,
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Abstract

organics using the UV/0, technique. It can also be used to improve the removal rate and reduce power consump-

Kinetics modeling can be used to effectively analyze and predict the process of the degradation of

tion ; however, the methods of kinetics modeling that were reported previously cannot be applied when there are
unknown organics in the sample solution. Based on the chemical reaction mechanism,a mathematic model that
can predict the treatment of a water sample with unknown organic species was established by including the evolu-
tion of CO,. The sensitivity of the model was tested under a variety of digestion conditions. Meanwhile ,a sample

solution mixed with glucose,urea,and potassium acid phthalate was used to validate the accuracy of the model.

The experimental and simulated results followed the same trend.
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Table 1 Chemical reaction equations of de = Moy T kl [OJ [OH J - Pl -

organics degradation by UV/O,

0, + OH™ —HO; +0, k270"

0, +H,0 51,0, +0, @, :0.48'"
H,0, 2 - on @';:0.51
H,0,<HO, +H* pK:11.801

0, +H,0,—HO, - + - OH+0, ky:1 x10 7200
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0,+0, + »0; - +0, ky:1.6 x 107012

0; «+ +H"* - - OH +0, ks:9 x 100013

- OH + 0,—HO, - +0, kg:1.1 %1081

HO, - -0, « +H"* pK,, 4.8
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0; + +C0; - -0, +C02" kyy :6 x 107122

+ OH + M—CO, +H,0 +N ke

ok, j‘]ﬁﬂjg$#§&§¢l7 }J%%E‘Jﬁ%ftﬁ,@} 9 H,0,
TR pK, R B AR Rk S R R R R

UV/0, WAV e i AL iR &, - OH i
TH B B AR i A AL PR BE , 16X A HLY Y B i LG
A E T UL, BT DL SR BRI g {35 1 3
A E 2K A YL S - OH Z 18] A & AL T i
SR, I HA 27 ) K AR A BRI G R 2K W)
it TSP OK R T A ML R R B 2 BRI 1
B ALER e i R AR 7 A X —— S i, B PA S
—HLEA LY M RN N AR S 2857 W) v 1 £ 26
Yoot T LA Al SOy AR X, Al RAAR B A A
B S E R TT R I A

2k, [0,][H,0,] -2k,[- OH][O,] -
k; [+ OH][H,0,] -k, [ - OH][HCO, ]
d[ H,0, ]

de
k, [0,][H,0,] =k [+ OH][H,0,] -
ks [+ OH][HCO; ])

= a(®,/ + k[0, ][OH"] - @', I" -

% =20, 1" + 2k, [0,][H,0,] -
kM['OH][M]
d[M] _ .

. =—k,[-OH][M]

(1)
Eﬁ%%éﬂqj ,y & \k; \k; \k; \k;{l *Hn()3 E"J%ﬁiﬁm‘
PAIT I 7R A

o = [H"]
[H"] + K,
K.k
kY o=k, + 22
[H"]
X K.k
ko= k, + 2 (2)
[H"]
ko k
k :k + a2 10
9 9 [H+]
K.k
kl*l — k” + a3+12
[H"]

B PR B KRR X B SR B R g 1T 3R
IR

ng, = sz
ko a €0,
QH(1=exp(~ — 20 (™ = [0.1))
") .
V

L Q N AR A, mL - min ™ H R
B, (0,) W M AE RA S W B ,mg - L7 5V R
KRR  mLs ko Sy BRI 0T R 5K
1.5 1REIHKRAE

T T 8l ) 2E AR JE AR R O AL
TR, T LA % BB A5 B L EL A 0 A BT . AE SR R
B FH T Matlab B 4519 odelSs pR%k, 3 4K15 T 41 %
POEE AR o BR T 2 1 g i i 45 A Sy 1 2R 4
fiff B H BRI 7 LA AR R A I8 T A e Ak
T AR 2 1 Hofth 2 8080 - 245 0, \H,0, . - OH Al
M {900 e e B 5 3 A RN A BRI IR A L vk B RN AR



5564 70N R S %10 %
JiT R B R AN OGER S R s KRR pH{E TR Bk R AR HRLR T I it %EEPI_/\ME%&(M“%M@
VR 5 M) S T S RS Sr BN 4EFEAE 93 mg « L7UHI 80 mL -+ min~',2 T

1.6 KEEFR M HJ3A7K FE A0 B 3 2 8 #k, BT E

X T B Ry B AR K AR B, H b BT S A B
P18 BB R MR R R I 1T TE 31y g 2 R R ) SR A
T ALY ) Ih ok B R i e S Bz —  JF
L i R R RS E W, CH F1 0 2
HIMA VY LAT] D) 3 RICEK , A LeW) it b if mJ
e A1 P.SFIN S5 BT LA AR KK & KA NN
SRR LGS — ) MOREAR . D 1 58 B R i
P M o3k s T B 1, oy 7RGk
AN CH,O,P SN - (m.n.x.y Fl z 535l F 7R & Ff
TR & R 50 o

HRAE A B B 20 BURFAE AT 0, CO, I HL,O
BLY) AT 8 I 1 B 2677 W), AT RE B 23 1 B 2R R —
B HE R TCHLERZE o I T A% A AR B Y — AR AR Bk
AR FE I B X A B Y AR A R
A3 53 M, I 3l 2 Bl g 27 o 1 B G R B R 7 R
HET B AT A5 AR M R il 5 (A T’ﬁ/&
X (4)HHEGH K CO, BiEme, (mg), 7] H#il
A HBEARE M P IEHEE[M ] (mol - l)o
Ho, FoALC o 5 S T80 W0 AR i MR R 2
") CO, W (mg - L7Y) .

(mL + min~

' F,C,
- 4
Meo, = 4 60 000 (4)
Meo
M,] = - 5
[ 0] 1 000 x 44 x 0.015 (3)

2 ZRS5WRR

EENMMMBBRENEBREREY
TR A DL R R A AR B
I e B T AL R A — R AR b AT USONE H A L)
(R A ot P o S R Y 3 éﬂ(ﬂ]]ﬁtﬂ(ﬁé(pH =
7.0) B A BE R R AR B R A ARG

W ARG ARETS QR BE RO PRI 23 A BRI C 3
2, b A0S R AR L TR R RN B Y A HLY)
M R EES] T35 2 o

x2 MWKAERFE

2.1

Table 2 Information of sample solutions
K2R 5 A B
5 YR e i Ly =
CeH,, 04/ (mol - L") 0. 001 0.01 0.1
CH,N,0/(mol - L") 0. 001 0.01 0.1
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M/(mol - L") 0.015 0.15 1.5
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Fig. 2 Evolution curve of CO, concentration
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Table 3 Data analysis of water sample degradation

TKFE L 51 A B C
Mo,/ Mg 9.5 94.3 937.2
[M],/(mol - L") 0.014 4 0.143 1.42
CO, FFLLHTH] /s 344 861 1 406
LY K A 22/ % 96 95.3 94.7
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Table 4 Linear equations of simple reaction orders
£ EALTFA R? k(i=0,1,2)

0 [M], = [M] =kt 0.794 5 0. 000 1

1 ln[M]O:klt 0.931 6 0. 005

[M]
2 Ll 0. 648 7 0.676
(M) [M], ™ ) '

2.2 HOFERBENREESH

RAPE 53 AT F2 B T BB R s X A SRR A
U, B — BB E LR T RS SHT
ALY R W RE J1 o XF T UV/0, 1 R i Ik ROk
Ut , 58 1 G 0% 5 B B S AR A B R N O 2
BHIERRBA LY i S0 F 2R R 8 [ e
HAEEWI S5, 7T IR 25 3 S8 F A h
BLA MG fife 3 3 0 5 o R AL () B e mT DA T 38) e
B R R T . TSR A i A S5
N BAEIY VIR EEE[M], =0. 143 mol - L™' UV
TR EEL, =2 x 10 " ed B SR WE (05) =
100 mg « L™" \RAL AW A Q, =80 mL » min~' [
BRER AR W B [ HCO; ] =2 mmol - L™ JKFf pH =
7.0 AL TR Ek, a =0.008 8 S AT MLY% A
RE Rk, =0.005, 4 UV 55 5958 B $0 5L AU <AR
e BE RN I e R A — A B AR A H At 2 BORR DR
R VA B BEAR BB AN S, BT A R LK R 043 A7 B[R] 42
— &% E M 900 s,

Bl 32X TR E UV SHER T S50
M {1 ot FR R 2R . TR R i UV 4 S i B
RHT 4 AR, ENAHE2 %1072 x
107" 2x10 7712 x10 ®cd, Z5FFH], UV 4 5 iR
FE R, A LA R e 5 PR (R T SR B 2
—E B, YOG AN B — R LUIS | 3l R A R
R TSI O A BR . PR, Y R A VR FE RN
BB, R T LY R R bR T —
AN 1 5 HNET A SR R BE S T b L AR R R R
REAT &5 R H A5 75 G4 0 19 53 ff ST 23 1 4 Ak

TH R AR BEFERY S 0

015
— 24107 cd
o ———2x10"¢cd
ORENN, 210 cd
5009k
5
g
S 0.06
0.03

0 200 400 600 800 1 000

i)/
B3 UV SR B DL MR i o 1 5 1w
Fig. 3 Effect of UV intensity on digestion rate of M
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