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Abstract [ Objective] In this study, the coupling of ultraviolet (UV) and ozone (0,) catalytic oxidation process is studied on the
secondary reverse osmosis (RO) concentrated water produced by the production wastewater treatment process of a chemical plant in
Shandong province. The study investigates the effects of different temperatures, initial pH values, and O, dosages on removal rates of
COD, and UV, in secondary RO concentrated water, and further optimizes process parameters to achieve the best treatment effect.
[ Methods]  On the basis of single factor experiments, response surface methodology ( RSM) was used to analyze the effects of three
main factors including temperature , initial pH value and O, dosage, and their interactions on removal rates of COD., and UV, in
secondary RO concentrated water, and optimized the process parameters. [ Results]  The experimental results indicated that the
degree of influence of temperature, initial pH value, and O, dosage on the UV/0O; catalytic oxidation coupling process was as follows :
temperature >initial pH value > O, dosage. For COD, removal rate, the significant order of interaction between each factor was:
temperature and O, dosage > initial pH and O, dosage > temperature and initial pH. For removal rate of UV,, , the significant order of
interaction between each factor was: temperature and O, dosage > temperature and initial pH > initial pH and O, dosage. Under the
reaction conditions of 20 mg/L O, catalyst, 50 wW/cm® ultraviolet light intensity, and 60 minutes of reaction time, the optimal RO
concentrated water treatment effect was achieved at a temperature of 23.2 °C, an initial pH value of 10. 6, and an ozone dosage of 14

g/h. The COD,, and UV, removal rates can reach 63.27% and 73. 01%, respectively. [ Conclusion] Through model validation, it
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has been confirmed that the box-behnken design ( BBD)response surface model can effectively optimize the process parameters of UV/

O, catalytic oxidation.

Keywords reverse osmosis ( RO) concentrated water

catalytic oxidation box-behnken design ( BBD) optimization method

[ %i% (RO) MK & — ML RL g s #h IR K . Bl
ORI RO T2 5 K U5 [ ] =32 gt
e T2 R ok Tz, RO FEARM B
BT A SRR L G s BN SR AR, H
BIC T2 0 T AR AL oK BT 57K Ak 33 4%
Gk, {2 RO FEAL B % K 1 R B 25 7= 2 — 2
K, B RO #eK, 29 5 87 B0 1/3, RO WK
BEAEHRBOAN 23 52w 7K A= 2 W) R Sl AE B 1) 1 H AR
K, b5 ARl IG5 4R M ) i
BEE Wi AN AR 2 3 BRI 2L, £ 28
FEA I LAEHERCAT T X RO WRAK HEA T 0 1Y)
REEAL B

IR A (0,) HALHRTE RO MoK Ak 3
G2 BV W90 1B 8 (H IR A AL 7E A $E
Ferh & B 215 RIEGI AR RS 0, EAk
FETE Oy FIHRCRAL 75 YW 43 AN 5 ) f
JTPAASCR I UV/0, HEA AL T RO MK #E4T 4k
A RO e /K B 18 B Ak 34 Ak — o B A0 A R
LT EN

e o7 TR AGTE: | R Mg T2 A A & 7k,
HEA BB AR IE AT i e 45 21, ot th — R 41k
5, 0 T i i Eld R ] 200 IR 0 R
PACTARE [ J5 %, 1005 —A> RE S 4D L Sl
BIRR S fy iy e 38 3ok 35 b 3 Dk A A e ) T 1 4%
PRI 2R PRECZ ] 1 06 &, I DA = 4E DB DU 30
R PIPIZ AR 5C 28, A ) Tl o iodfe 47 23
T2 o A4 A 1036 2% 11 . BBD Al o T A5 B AS 25
T A1, MR ZEAEOH A B, BBD 358 = 1R B2
FeH 2 A 1531 (central composite design, CCD) i
B BHRBCE D | A 2 AR

HROAR SC A B TR 2% 1 0 il b R D e 7 T
BBD A UV/0, fifb A AL AL B RO MoKy T. 2
SR B RS SECZ A R BLAE G
RN T 2280, LAl 2 RO WK AR E, IR
UV/0, AL EAL T E7E RO He K AL B 1) S5 o FH 4
b Y PR Al R AR S

— 140 —

response surface methodology ( RSM)

ultraviolet ( UV )/ozone ( O;)

1 MBR5F*®
1.1 RIE K

RIS K A T A 7= B K R AR 2R T
G RO MK KREEI A IR B A, TR
R, BAKBTRE PR aNER 1 R,

R OKBEEESSRR
Tab. 1 Main Indices of Water Samples

EiEtan HfH
pH fH 7.4~8.6
COD,/(mg-L™") 137.2~160. 4
BA/(mg-L") 2.1~3.0
S/ (mg-L7") 0.7~1.3
VB EE/NTU 19~23

UV,5y/(em™) 1.408 0~1.416 0

1.2 i{FI R

KI .NaOH H,S0, & NaCl %5351 ¥ b 4 #r 4l
W F E 2 A2 AR BR A A 0, bR (E %
Hi Ca;AL O, F1 Si0, 41k) , 1 AACQIFMRFH AT IR
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Tab.2 Factors and Levels of BBD Experiment Design

K- W/ WM pH M O i/ (g-h7")
-1 16 8 10
0 22 10 15
1 28 12 20

3 BBD BB K4S
Tab.3 Design and Results of BBD Experiment

RS RE Wl €ODe, UVas

B ERE LR
1 0 0 0 61.99% 73. 18%
2 -1 1 0 45.48% 50. 15%
3 1 1 0 55.33% 63.45%
4 0 1 1 55.50% 67. 56%
5 -1 -1 0 40. 10% 45.21%
6 1 0 1 50. 98% 58.23%
7 -1 0 -1 46. 75% 49. 26%
8 0 0 0 61.46% 72.12%
9 1 -1 0 47.59% 54.52%
10 0 0 0 61.83% 71.25%
11 1 0 -1 54.52% 60. 13%
12 0 1 -1 58. 14% 64. 98%
13 -1 0 1 49.39% 54.15%
14 0 0 0 61.30% 72. 68%
15 0 -1 1 51.30% 58.32%
16 0 -1 -1 50. 58% 55. 66%
17 0 0 0 62.38% 73.21%

2.2 BBD N E&EBHWEIRTESH
2.2.1 COD,, K% BBD #iEIyH T )5 22530
HE 3 h 17 4 oD, HRRFRIX 4 R A A
Design-Expert 13 ZJCIH & 515 2] —Jc a4 77
AR WA ARR . —Seml a5 A1),
RS W06 pH M1 O BEHER X COD, ZERFHY
AN,
Y, =61.99 + 3.34X, + 3. 11X, - 0.352 5X, +
0.95X,X, — 1.55X,X, — 0.84X,X, - 9. 17X,> -
5.70X,° - 2. 41X’ (1)

/H\:EF' 1X1 {EE&E‘F s C 5
X,— 15 pH;
X,—O0, #hn&,e/h;
Y,——COD,, ZH*,

COD, B BBD BRI 7 22 0 W &k 4
Fim .

X BBD BEAU AT 43 BT, AT Ko 45 0 ) i 25
JE P AR %, P<0.001.0.001 < P<0.05 Fll
P=0.05 /IR EIER W3 WA R E,; FIE
PE R (R,) BT F 1, AR S A5 AU 1) o o 5
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56.19,P fH<0.000 1<0.01, & 0% [a] U145 50 4% &k
=R FZAER N COD,, RBRFET R, %
ZHUR, 77 0.986 3, KT 0.75, BIRE LA GE
U A R 98. 63% MR I 25 3, v E E A A , 1R
ZEN, Bt Z Ah, Adjusted R,> H 0.968 8,
Predicted R,” 4 0. 818 7, Wi 228 M 0. 150 1,7
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Tab.4 Variance Analysis of BBD Model Experiment Results

P 3l SEIT R H ¥ BEMRFKE(F)VE BERKF(P)E EE
R 740. 94 9 82.33 56.19 <0.000 1 B
izt 3 89. 11 1 89. 11 60. 82 0. 000 1 B
Wik pH 77.38 1 77.38 52.81 0. 000 2 2
0, $hnit 0.994 1 1 0.994 1 0.678 5 0.437 3 NTES
¥ Ik pH 1.39 1 1.39 0.9504 0.362 1 NS
0, B 9.55 1 9.55 6.52 0.037 9 BFE
4G pH .0, & 2.82 1 2.82 1.93 0.207 7 ENTES
& EE T 7 353.94 1 353.94 241.58 <0.000 1 B
WIth pH BT 136.73 1 136. 73 93.32 <0. 000 1 e
o, s T 24.53 1 24.53 16.74 0.004 6 BE
B2 10.26 7 1.47 - - -
ES) 8.32 3 2.77 5.73 0.062 4 NTE S
aliiR 2 1.93 4 0.483 7 - - -
BR2E 751.20 16 - - - -
R, 0.986 3 - - - - -
Adjusted R,> 0.968 8 - - - - -
Predicted R,> 0.818 7 - - - - -
it 22.323 8 - - - - -

REBUSFER Rl — 2 H L, WRER WIZB YLl 5 B2
B, AR ORE O 22,323 8, KT 4, UEHI%
BRI RSy 3ty PO I 45 2R, B % T8/, 23
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Tab.5 Variance Analysis of BBD Model Experiment Results

He R 1 A1 B ¥y F{& PE N
A 1.349.01 9 149. 89 78.17 <0.000 1 W
R 176. 34 1 176. 34 91.97 <0.000 1 W
¥l pH 131. 46 1 131. 46 68. 56 <0.000 1 B
0, Hhn 8. 47 1 8. 47 4.42 0.073 7 NTE
W WG pH 3.98 1 3.98 2.08 0.192 8 NTE
MR 05 Bt 11.53 1 11.53 6.01 0.044 0 B
G pH .0, BN 0.001 6 1 0.001 6 0.000 8 0.977 8 NTE
T -y 676. 07 1 676. 07 352. 60 <0.000 1 e
WIth pH HF 7 177. 02 1 177. 02 92.32 <0.000 1 ITES
0, By FIr 80. 56 1 80. 56 42.01 0.000 3 e
5k 2% 13.42 7 1.92 - -
KA 10.72 3 3.57 5.28 0.070 8 NTES
4R 2.71 4 0.676 3 - - -
MR 1362.44 16 - - - -
R, 0.990 1 - - - - -
Adjusted R,* 0.977 5 - - - - -
Predicted R,’ 0.8710 - - - - -
ik 25.335 4 - - - - -
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“maximize” , BCFE B AT 1 pREGE BARAS COD,, 5
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Tab. 6 Parallel Experiments of Optimal Process Parameters

i H COD,, B UV,s, KEEF
R 1 62.83% 73.29%
X5 2 63.51% 72.83%
R0 3 62.99% 72.74%
5 4 63.47% 73.31%
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F-H{H 63.27% 73.01%
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AALALEE RO YROK W) T A S8, 1 N 2R X8 1 1Y
FEhil b i — 2D B AR WI4R pH LA R O, $ i %)
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B G2 T 225, s,
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(2) X T CODy, EBR3, & &= WM Z 1] %2 H.
YEFY & 25 58 55 Y 8 R 5 0, & > % 4
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