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Abstract

(SCWO) in a batch reactor. Temperature, reaction time and excess oxygen were selected as factors while the to-

In this study, glyphosate pesticide wastewater was degraded by supercritical water oxidation

tal organic carbon(TOC) as the response. The SCWO experimental results were analyzed and optimized using re-
sponse surface methodology( RSM). A quadratic polynomial which expressed the relationship between response
TOC removal and the three factors was established. And then individual and interactive effects of three factors on
TOC removal were investigated. Finally optimized reaction conditions for SCWO process were found out as a tem-
perature of 483 °C , a reaction time of 29. 2 min and an oxidation coefficient of 148. 4% . Under these conditions,
100% of TOC removal could be obtained.
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Fig. 1 Schematic diagram of the SCWO experiment setup
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Table 1 Elementary analysis of pesticide wastewater

. fiE it Jiig=i %4 W% JRF 48
R e () (%) (%)
C 0.277 22.86 0.09 32.09
0 0.525 43.42 0.12 45.76
Na 1.041 21.14 0.1 15.51
Si 1.739 0.4 0.11 0.24
p 2.013 8.53 0.11 4.64
2.307 0.42 0.11 0.22
cl 2.621 3.23 0.13 1.53
it 10.523 100 - 100
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1.3 SHAE
COD k] HH-5 R4k, “7 ¥ 48 122 W 2 A 3 47 D
i, H BN A BK R PRk (GB11914-89 ) I &
COD;TOC % H ET1020A %Y 8 A7 HL AR 43 1 AL 3 47 0]
W R TR S AL R JRCERL R AR A oM AT A1 R
MRAEEA I H R 7 00N 38 22, X B A~ T2 g 25 2
HEAT 3 WM 4R FE BCF 15 BB % 4 R JH JSM-
6390 A A4 o+ I Tl 45 o
1.4 H&EFH*E
1.4.1 SR FitH
[0,],-[COD]
[CcOD], (1)
K [COD ], e 75 48 & B 1 B % K 09 %) 46
COD # J (30 400 mg/1) ,[ 0,1, 4 O, HYH] 4 &
(mg/L) , HItR T (2) fX(3),
2H,0,—2H,0 +0, T AH = -196.53 kJ/mol

(2)

% 100%

o 4l =

32 VH2()2
[Oz]o—§xm (3)

A 111 g2 30% B4R K % W % B (g/ml)
Voo, Vo 530 UK R TR K L
1.4.2 TOC % Fayit

[TOC], -[TOC],
Rk = )
A [TOC T, Sy B H B 1 7K /9 90t TOC ¥ & (mg/
L), [TOC], Sy 4b B 5 B 0 W i) ) 42 TOC & i (mg/
L)
1.5 SEWigit

0y 4H A 1% 11 ( central composition design , faj FR
CCD) & RSM FEFrh i iR iZ T2 — o AR
WFFE AR CCD Bt B it 7 — 4> 3 & 5 K1
SIS , 3 2 WoR 1 S8 2 800 Bl K S By AURS B
5 R SHE IR I R .
R2 ZWBHKER

Table 2 Levels of experimental variables

x1.11 x10°

x 100%

- (A) iz (B) S5 Jiz B 1] (C) S i
(©) (min) (%)
-1.68179 380 15 50
-1 400 20 100
0 430 30 175
1 460 40 250
1.68179 485 45 300

2 HR5WR

EHB8IRFKENLZEHEUS

SR AE 25 MPa RS 0F P abAT, LU 4 R ANk 3
7R o RS2 B 25 R BEAT LA, S0 T R & (TOC
FERARY) 5EANSHORE A NI B i A
C) R AW =k 2 m A 5% &, H 4 i E L
TR

Y =96.83 +2.66A +2.28B +1.39C -3.34C? (5)
Forp A B C 2y 53 Ay i 2 B G (L, 4% 002 I
8 DAL AR 1 S B0k ) 7 B4 5 W) 5 1] B W i Y
KA RRGE(5), ABLC AT T4 B
2.66.2.28 1.39, W] =& X Wi B i Y B — S
BRI AE ), I ELS i A R/ 5 : A > B > CL i
JEE Xk 2% B R0 3R A B2 T e K o
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Table 3 Experimental results for SCWO

2.1

of pesticide wastewater

(AR (B) MM (C) 4t Vi
75 TOC %
(C) (min) (%)
(%)
1 380 30 175 91.791
2 400 20 100 87.101
3 400 40 100 93.457
4 400 20 250 89.179
5 400 40 250 95.268
6 430 15 175 91.918
7 430 45 175 98. 640
8 430 30 50 81.200
9 430 30 300 90.553
10 430 30 175 97.031
11 460 20 100 95.101
12 460 40 100 98.974
13 460 20 250 94.036
14 460 40 250 99.643
15 485 30 175 99.775

Z I )7 FE AL B 1 7 22 53 A (analysis of vari-
ance, Al R ANOVA) L3 4 fiR,

&4 RN LUE W BIRL P E/NT
0.0001 FWIE R X T TOC E R 2B EM, [&n
BRI S5 A B .C.CC 2B ER (P <0.05),
R B HIE R B R N 0.8916 R {l £ 0 ~ 1 2ZJ],
FAEBREE T 1 GBI A B 35 M A, 14, 186 MRS JE
1158 P A5 TR0 K5 0 1y, 7 B0 X ) P A
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Table 4 ANOVA analysis for model

A AmE M E F {4 P1H
TR 336.9993 4 84.24983  21.1351 <0.0001
A-RBE 94.59713 1 94.59713  23.73085 0.0007
B-I i ] 81.96522 1 81.96522  20.56198 0.0012
C-it% & 26.86004 1 26.86004  6.738169 0.0277
c? 130.8783 1 130.8783  32.83243 0.0002
B 39.86251 10 3.986251 - -
R* =0.8916 K ¥ =14.186
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Fig 2 Effect of temperature and reation time on

TOC removal rate
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T N, TOC 2% Bk 2 B A AU A0 ) B 38 s 3 1)
PORTREH Tk & H,0, XF HO - [ i3IS BREH
K HO - AlEMIFAE, X (6) . (7)Fim. 1
oAt Sc ik P A G R H,0, B AR
3 A e BRI 1] 30 min i BE 485 °C i 4H & 50%
T ,TOC () £ Br % Al 35 5 89. 5% , {H I i} 1) 48
R I A 2, TOC 2 B 32 a] 35 3R 4w i Jt A
Al AR N . — J7 T 485 C YT i, L b R 48 b &k
TSRO, BT LATE AR i 50% 1Y ST, B ER R
W ATIRF] 89.5% 5 53 4b, RN M KLy 316 L, i T
e U 1 R P 2% R B R & A 1 ok DT A IV 2K 5
HERES T, Fe® " F H,0, 458 IE 8 T Fenton i
P BN A i B A e B N M Y R R B
(- OH),n=0(8) s, + OH 5 R ZH A VW1E
FHAE HL [ fi, L2 B2 Fe® ™ X H,0, 432 i - OH
HLA AR, T4 E T 480 A0 R AT
H,0, + HO - —H,0 + HO, -

Hor by, 0, =2.7x107 M ™'s ™ (6)
HO - +HO - —H,0,

H by o, =6 x10° M7's 7™ (7)
H,0, + Fe’* — - OH + Fe’* + OH "~ (8)

2.4 IBRSHYHIREAL

K RSM X id # 2 Bk AT AL, %4> S Bl ik
AR SN S Firzs B S AR 8] R 5 46 e Ak
TEEPRAE O, BRI e —E VS A . b R 2
V7 g B Sk FR) S oo T R 1 BIR ) e gl JBE Oy 485 °C
RN BB R RIE SCWO i 2 i 22 5 1 BR
Hi7E 100% ~150% 935 [ N . P fbad 7 2ok TOC
R IA T Fe KAH 100% , 3% 2 SCWO 4b 3 o4k 24
KB B HET LR, 217 RSM R
8T 4 AR, SR 6 FTR , WRP A LUFE
TR AS R E T 100% B 13 8] T TOC £
FRA 100% (1 HUARROCR o AR O AL 45 2R, Xt 4 Ja A
SR S 8 T 50 R AR N B AT — o B4R 0 3

x5 BHBRGEKBIERKEL RSM
HRMAELHSHBT
Table 5 Parameters goals of RSM process optimization

for SCWO reaction of pesticide wastewater

F6 EHBRAGEKBIEFRKEL RSM IEBRAULER
Table 6 Results of RSM process optimization for

SCWO reaction of pesticide wastewater

Z B H tr T RRAE I BRAE
R (C) PR S N 400 485
S B 18] (min) PR 4 1R Y 20 30
TEE (%) FRAE S N 100 150
TOC EKBR# (%) IEPN:] 95 100

e WE R dRE T0C &
R (0 (mn) () Bww) O
1 483 29.2 148. 4 100.0 1
2 481 29.7 149.8 100.0 1
3 485 24.5 150.0 99.1 0.8124
4 485 22.4 150.0 98.5 0.7029
3 & i

R I SR F AL AR (SCWO) X FH A 25
JE K AT B i A B 5 5 O 20 B R U5 i (CCD)
HEAT S2 80 ¥, 76 16 BE 380 ~ 485 °C , JE /7 25 MPa iy
AT AT R S g, LI g5 R R W], SCWO 2
— o kb PR R AR 2 R K A BT B, TOC 25 R R
AA ] 99. 775% o R FH W L7 187 35 (RSM) X 512 5 45
AT AL A3 M, 345 T L TOC 25 B3 5 M i o {8,
TR RE BN B ) o A SR R o ) R 2 I U
RERY AR5 2 10 245 2 8003 BT A, A Tk IO A%
HIZR W A, % TOC 2 Bk 58— 52 ) 72 5 119 K/ HE
JF 2R R > SN B ) > 3 S 38 O X S0 g 46
HEAT W N7 T 43 A R A TR S5 S5 ARG L Y, TOC
25 I SR 2 IR R s o7 B [ () 39 G 42, 9 A,
AU XS TOC 2B 310 52 o 22 B (B i 26 1 C &
T ARIE A B 28 B A AT SR ST T R AR,
W T IS B R R 483 °C, i i [R] 29. 2
min, i S E 148, 4% FEILAE T, TOC L BRZ 0] ik
£ 100% . WFoRss R R, RSM 78 SCWO Ab B 75 H
Bl A 245 102 7K ) ST 36 25 2R G B R0 S S AR Ak b 5L AT B
P R R AT AT o

2 % x #t
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