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Catalytic ozonation of chemical industrial wastewater by modified activated
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Abstract: Activated carbon catalyst has a large specific surface area and the function of catalyzing ozone to
decompose into hydroxyl radicals in catalytic oxidation technology, but it also has the disadvantages such as loose
structure and high wear, which limit its industrial application. The self-made activated carbon composite catalyst is
modified and used to treat with petrochemical wastewater. The performance advantages and the suitable technological
conditions of the catalysts are explored. Results show that the catalyst can enhance the ozone oxidation effect and the
utilization rate of ozone,and has itself the characteristics of high strength and low wear.Its removal rate for COD is 12%
higher than that of common activated carbon catalyst.lIts removal rate for COD will be increased by another 10% after
being modified by surfactant.Both low reaction space velocity and high ozone dosage can help to improve removal rate of
COD. COD content in effluent can be less than 50 mg-L™" after the wastewater is treated by ACFH-2 and ACFH-3

catalysts.There is no significant decline in activity within 150 hours. The modified catalysts are suitable for industrial
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application due to good catalytic activity and stability.

Key words: activated carbon; ozone; COD; catalytic oxidation; composite catalysts

W [ 50 PRI (R R H 2 S TE | MERR AT HL
Y5 KIGEIC H COD [ 2 AL 2] E J80h BB B
TG KA IR Ty — BT BRI
PR LR S TR S A5, AR 0 1k LR
MR SE A B3k (- OH) KB A H 385 2R 6
ZERTEKH COD 3% T 205 2 1] B0 i 2%, S 7 1
B — Rl AL BOR o AT AL A 1L
BORMR L, AR R AL R A AL AR B AT
BNk 2] A7 A RS Y AR R TS KR
JiE Ab FATUAT B8 1 K SRR L AR AR AEAL A
— PR G R AL AR | T A A A TR R 67 3

UG TR, 2 U AR A B ST I B ok
Ve —FhZALIERRE, IR PE e B, OF H R A 7K
TP A SR S8 0 A A R PR R BT, 2 R
MEALTR] R B AR AR AR £ R
BA R AR A T A R SRR i R IR A BRI
Ao R T P A i AR R R S A R S A A — 2B
J12E AT RATAE RO W R B R 216 PR
AL LA R 1 B 0E VLA, Wed 551100 H £ AR
BRA A AR T TR AR R T RS SR
IS, LSRR B/ NER D 30 3 5t 7 2 T F8C P 5 A
I AT REH BT B0 A 45 H SR TR 1R

Y fs HH#A.2019-10-12; & E H#3:2019-12-12
BEEWH . EA ML THERA R BEH (318014-5)

TEERN . T (1984-) 8 w4 TR, BF55 7 10 R A AL T5 K IR EE AL B, wangxueqing. fshy @ sinopec.com ;X ( 1983-) , Y -, T #2 Ui, iff

X5 ] R IR RAEAE AR B IHEX R A, zhaoyue. fshy@ sinopec.com,



2020 F2 B

e R P 4 T A Ak SR AR B T AR B 1Y
B AR AZ IR T AL AR SRR AN A8 AR B . 28
HLATEYE R AR 5y, 4% T AR AA 1 T 1
WA AT Il R R R S T T
135 K 0 R A SR AR AL B 2R G0 b % 5% T AL
SR | AR N 2 38 R B AR BN 1 S S O
7K COD L BRZEMIFM

1 SCIEES

1.1 JRKKR
SR A A TS 7K R A w5 K Ak 3
V5K B = A2 0 S B B e K, 215 K 7K B A an
F1PUR,
x1 FKKEIENR

Cob/ W/ mE/ p(Cl7)/
WH  (mge  (mmol: (mg- pH (mg-* Kb BFRER
L™ Ly L™ L")

B 175~185 0.25 200 8.0 800 COD=50 mg/L

1.2 EXFIEHE

DL R AR M e ol R i o S TE R
Fie— 2 LU ABIR A BB, 763 B S5 10 R G e A
PR G G EARARL LR ML AT RIS M e B bk T
WEAMBEREMA, A TS S B 51, R
IR BUR B H A TR, 20 00iE S8 ACCH Al
ACFH=1, 435 FH - e S5 08 152 8 /R e i 2 0 i
PSR A AL ACFH - 1 R 47 00, 45 48 £k )
ACFH-2 1 ACFH-3,
1.3 {ELFIRIAE

I F 26 B MICROMERITICS 2% &) 2= 7= Ay
ASAP2420 RIS HM KX ( BET ) il % bb 2% 11 A1
FIFLIE S5 44 ; FFH H 7R JEOL 22/l 4= P2 JEM7500F
RIFA A LT (SEM) X A 790 10 2 10 45 A A 7 R 11F
FIH HA JEOL 723 &) A 7= () JEM2200F 7 3% 5 F %
(TEM ) I3 Ak 790 2 1 0% 1 4 0 43 A
1.4 LEFHE

FE AT SO0 256 B P A T AR ) S
PEVPANY , 46 T5 K B T 50 L B9 PE Mfirh, il it i sh
e AR O A R S AR S B A
HBRA T AT CF-G-3-10 g B R4 R 887k
BAA @ st R A it 557K — Rl
AR o A RE AL R SO R 2 A AL
BEEERE , AR R 40 mm, IR A Bk, AL 2

IEREF B MERESEATIECRIANLIECIITKEVIAR - 173 -

W&l 500 mL,

T 3 i R A SR A T T R pHL, KA
COD R FE B ER 1 (HY 828) ATl 2, R4 A
R R

n=[(C, -C,)/C,] x 100%
Xy HREF R, €, IR 25 956
FHE MR EE 5 € RV I U R SR

2 KWHEREE

2.1 EHFIMNRIE

%} ACCH . ACFH-1 ,ACFH-2 Fil ACFH-3 4 #
AL B Py PR BT 3R AE, 25 2R 3k 2 o, M
22 thRT DA AR e i AR A S0/ 9 i
4 :ACCH>ACFH-1>ACFH-2>ACFH-3, XZH T
H TGP A A S A RS SR
o7 TE R T Beah R & 0 A B RR S
1) b2 BRI FL S ARG T 33 1 e i AR R0 {2 3 1
AR R 5 B B S 0 AR R, FLES
FEI ERRANG R8T TR P ) e P X 3 T o A AR
) iR J3E R AR TS I S 52 e, (EL Pl 1 3R TR P 5] 2 i
BT AR FLIE L3R T RRURN LS A BB AR, PR Utk
FTLUE Y, F 36 T e 2 A AR el e s 2 2
A B SR FE AR B BE AR, 25 B PERE AT & Tk b

FHMZEKR
x2 AREELFNYERSE
- R MR/ L7/ R/ e/
(m*-g™)  (em’+g™)  (Neem™) %
ACCH 702.9 0.33 97.9 3.5
ACFH-1 307.8 0.44 121.5 1.4
ACFH-2 286. 4 0.41 120.9 1.4
ACFH-3 273.5 0.40 119.6 1.5

AT — AR I T A A AR A T
¥, %0 ACFH -1 AT H B 0, &5 R &l 1 iy
o M 1(a) T LIE WGPk 4 43 9 3k 4 5y

(a)SEM K (b; SE)%'%ISJ'?U:EI
M1 BEEHEXEAENFAG AN EEERA



- 174 - A, A T

FLZE 5 e A5 TE — S , B BB I U =y s B 45
PR B SCHEEAMEA R OV 302 1 Mok &2 & i L )
SR EE AR T b T RR A BRI 0 P e AR FRMIRAR 2
A —ANJEA . (AN 1(b) FTLAE Y B 2050 A B
BA—e MfLiE St , R 5t B — 5 1 3R
R, SRR R 2 oy — e R PR 4 i) R R BRI T 7
AN ORI
2.2 EUEFNREILIRHNZM

T ST SO g PN 2 SEUAS [ AR A T Ak R %
B SE AR 5 0 B X LS5, DA SRR A 1 Pk
IR U AL R R 17 L A A A A s 1 SE g,
04 blank . AN [F] 1 550 49 8 Ak 05 1 X b 45 R 4n
B2 B, B2 AT LA Bl B A AT, 157K
() COD ZBRFLIAE ,FME N 21. 4%, A4
G COD L BRACR A W & T, 76 I w11, 4 Fh
TG A B A ) 1 2 TR LS A i 1 W RE 0, 00 30
)2 h N ,ACCH . ACFH-1 ,ACFH-2 I ACFH-3 i
AT R FH RR S48 A VR T &, X545 7K COD
(1) L BR AR AL 90% , Bl 3 AT s (] 9 SEE | WG
Y % s 55 , ACCH ,ACFH-1 ,ACFH-2 Fl ACFH-
3 AR 70z 1T 76 .52 .44 h Fll 44 h J5 7K COD
FHIRIBFNTEE , oA W B FH A 52 e i) LA Z g AT
FasE 5 ACCH . ACFH-1 ACFH-2 F1 ACFH-3 {1k
FIE) COD % B I {H 43 5 4 53.6% ., 66.7%
76.8% 1 73.7% , %5 F o B AR I o0l 4R
32.2% 45.3% .55. 4% 1 52.3% ., WAl WL Ak
IO g T SR AR R AR B, X
2 TR AT IR K V8 R i ik 1 B S e AL o0 i
JEAC LA ik 2. 80 V BYFRFE A 3L (-OH) , -OH
RERS I T Jo ik Bk b 5 K 280 WL & A E Ak
N, SRR BOE 100 ~ 10 M/s 28], RA S
AP RN R BT 7 AN B R R
A HE DL R R B A HLTS YT LB AR AR P A
fIFEHE [ 34Tk, COD BH I B AR, 5 Fi I 1 e At
AT PTG R B I s T A TS A AR
{HZH COD LBRFCRIFA G A ffEL ], X2H
DATR R 5 T8 DR 28308 A — 2 0 PR e A 3% TR R A 0
PEOL SRR AT DU b 5480 03 i 2B U R F e 3,
R RS 05 P ) A A 2 ol B S0 A ot A I S e
T3 FR LR A 7 A B K o R AR AR
TR R B AR, AEGT ) R R SR A 1
REL ) T IR o6 — 58 B — e I e R ) S B RRR TR AN R
PRI 75 BT S W LB AN Bl 7 27 AT R A 5T

40 BH2 B

25U ACFH -2 1 ACFH -3 R4k 57 4 1k 5
AT ACFH-1, 3% & i T 20k 5 A AL 770 5 5L 4
R AR BE AN ¥5 7K oA LTS e 0 B4 g o 23 N RE g 34
T, BEAG T V5 YW 7K A R 2 8 Ak 550 2% e %) 4% S5 B
J1 B TR RCEN

100,

4 5
I S
@80 *i\:ixx:z;;:x&{x
¥ 60r el 3
% ..... i.
401
S 1

T
!

(=]

20 40 60 80 100 120 140
BFTIYE]/h
1—0, ;2—0,+ACCH;3—0, +ACFH-1;
4—0,+ACFH-2;5—0,+ACFH-3
B2 AKX REAMNR NN

FEHEBE W SFHE IS 5, HLEE T LR ik i 5
AR, G55 N3 3 s, R 3l LiE il 7E
SR & M A ACCH ACFH-1 ,ACFH-2 I
ACFH-3 AT 4T RE 2 5 548U F 28, A L Bl B
AR 43. 6% 1) R AR 4 b Fm A G
IR T 18. 6% 25. 3% 30. 7% 1 29. 0%, H[F]
FA SR 28 | BRI A S0 AR A T, SR K
VO PRIV iR B AR A A A S A S AR B 1Y SR AR
FHAR A 5 B SR AU, PR ZE D sl R v A
ZMRERE TAMUREARENERS S TR
N, X R E F 157K COD LBRRAY— A F 2
JRRTS g a2 g 3 AT LLE Y BerE s BoiE e
RE AR AR A T M i T s
TEPE R A AL BRI R 2 0 SR S A LTS
YWy eA T ROn s A T RS B R ISR E A
A7) 25 T A R O S 2 T O L Bk B i
LT R 2 TR A3 2 U BE A S Wi /K M e S 7
i, PR T T A % T Ak T RO A ML e Y
W BRI R, 36 2 A7) S AEUR T8 T i COD 2B
SRIG AT B RO St e A LR R i R 2R A
AL RN HLERAE 2 7 5 28 TAE P 4R SHR AR

3 FRELANSEHAZ

FE i 24 R O; ACCH ACFH-1 ACFH-2 ACFH-3

HAMME/ % 43.6 62.2 68.9 74.3 72.6

2.3 ST FE R B0
2.3.1 B uEikfe L RAIZIME WA
DL ACFH-2 il ACFH=3 {4k 5 M, % 8 ) i



2020 F2 B

25 HEXHG 7K COD ZEBRF AT, 45 & 3 fiR,
M 3 TPl UE 78 R AN 200 mg/L B,
BEE R4S 0.5 h™' 3 K3 2.0 h™' , ACFH-2 #I
ACFH-3 AL FI B 757K COD 25 5 % 447 52 30 R A 110
G, fE2 K 0.5.1.0,1.5 h™' F1 2.0 h™' i,
ACFH-2 4L F 1Y COD 2 [ R 43 9~ 82.3% .
76. 8% 67. 8% 1 52. 9% ; ACFH-3 1L F 1) COD 2=
453 510 80. 5% 73. 1% 64. 3% 1 50. 2%, W]
BRI 23 3O ) Ti57K COD 1Y £, HBEE 25
(RIREAIE , COD 2 B3 R (14 388 fin 2 0 4ok /)N, X 0
TR S o Aof B SR A0 22 s ) S A K, B R T AR
AL PR , BT A AN BA &, (EZE SEBR ) Tl R
B R AR Y A R W 2R T SRR R A
T P SN 7S

100
— ‘\\'
2

1 1 1 1
0.5 1.0 15 2.0
/b

COD LR /%
S (=} o
? S (=]

[\
(=]
T

(=)

1—ACFH-2;2—ACFH-3
K3 RMZEEXM COD £ hE Yy

BN AS B AR 1 hT RS PR AN
M 50 mg/L B4 HIE] 400 me/L, %R [ COD 2[R %48
fErEBLAnE 4 Fros, MR 4 da] DUE H 58N
#7450 mg/L I, ACFH-2 I ACFH-3 fE4L7] 175
7K COD £ %A 42. 1% Fl 37. 8% ; 5L A M &
50 mg/L FF5 %] 100 mg/L, ACFH-2 1 ACFH-3 f#
BB 5 7K COD & B 2 43 138 i 1 15. 2% FH
16. 0% ; 5 48 0 12 4k 22 3% K 3] 150 mg/L, 757K
COD BRI 11. 9% F1 11. 8% ; (H % FLA4&
B LERE AN, 157K COD 2 248 I g 2 I 45 75
Ny RAAHME M 350 mg/L BF] 400 mg/L B},
ACFH-2 1 ACFH-3 f#4k 51175 /K COD Z:B5%AL
AL T 2. 3% F 2. 6%, X2 K Ky bt % %
SEAHEIN, AR S A — AR N H R I A 5
T A PG 53 Ao R4 2 TR0
fiff o R TR T S A P T RO ) S AR
Z RLAER SO B SR R R Y B LA
PN PRGN, — 5 T VR 5L ARG A B i
L, SR O T 56 4, 1 S BN R
ANBRE 5 55— T, SRR VR T ) R A S )

IEREF B MERESEATIECRIANLIECIITKEVIAR - 175 -

BER o 25 R SAAE I WO IR BT o0 ik 0 SO 4 30
A, PRGN S S A, LAY R ik
L, T AN AR IAZ . I, R4
BRI R {2 COD EFRR ETEZ . HIEFIH R
8 SR SR e B SR SRk A AR I RERE, DR L S PR
RIS COD KBRIY B AR FIZ B IEE 5 1

B R A BN
100
€ 80t i
# e} L7
& | "2
4§ 40F
(=]
© 20t

%0100 150 200 250 300 350 400
HREBIME/(mg L)

1—ACFH-2;2—ACFH-3

4 REAFMEN COD %R FE Y H
2.3.2 fEALF AT EE R

KT LR R T PR S A A R R E E
il ACFH-2 Fl ACFH-3 L FIFEZS M 1.0 h™' |
RA W E N 200 mg/L A9 [ & Fkdr T
150 h Wy#ELLETT %58 B0 N E 5 Fos, MBS
A LIE L, J5 7K HE/K COD 7E 178 ~ 183 mg/L Z[H],
ACFH-2 7K COD f & fH N 44. 2 mg/L, S AILfH N
40.3 mg/L, P E B RN 76.7% ; ACFH -3 7k
COD fiei{EH 48. 8 mg/L, fARME N 45.3 mg/L,F
YIEBRFERA 73. 5% ; Hi /K COD {HER/NT 50 mg/L A
BORIFRRTE 150 h D4 T F20E M id v, Rt
ORISR G AR B R B A A P AR e
P, B AR R RS

2
}f:a S — *01+
1 1

1 1
30 60_ 90 120 150
BT E/h

COD/(mg-L")
oB33333

1—ACFH-2;2—ACFH-3;3— ik

WS BT s R
3 #ie

B BRI CPE TS PR 5 S S AR N T R AL R
AL ER AT A5 K A S T ERAE A R RILL R 24508
(1) P36 P ¢ 52 5 AL SR LA e i B A



- 176 - FAX AL L

FERRE R MBI R AR 3R 5 R I B 4 = 15 7K
COD EBRFM B AF %, ACFH-2 1 ACFH-3
[R5 7K COD ZLBR3R 53 51H 76. 8% Fi1 73. 7% , WA . 1=
TFruph B E ALY 21. 4% FTin A ACCH ,ACFH - 1
JE 9 53. 6% ,66. 7% ; 31 H 5L AU F 32 3 o 5L 44K
TR T4 30%.,

(2) K2 J A BB B A AT 4 s K
COD EBRHR FEA N 1.0 h'  RE W E N
200 mg/L B4 ,ACFH-2 I ACFH-3 {7k COD
{E¥/NTF 50 mg/L, COD % B R E E 78 76. 7%
73.5% Fa BT 150 h {5 PEEA I AR, R BT
KA AL TE PR R e 7k

S 7% 3Lk

(1] SEHRP TS0, AU PH PR U R i A BILTS 7K A B8 AR B 5%l Jre
[J]. A1k ,2014,22(9) :665-670.

[2] i, THLE  RA R, 55 D Y5 K IR EE b 3 TR S [ ). T
vk AbER 2018 ,38( 11) :96-99.

[3] tRed, B2 SRIETE 55 2 ARHE AL R A A AL B AR 4 B )
IRAAIK )] BB TR, 2017,5: 2819-2827.

[4] s2idfig , RAEAL. AL 5L A S AL TR BE A B Tl Y5 /K Y BT 52 45 1

L] Tk Ab 3], 2019,1:1-7.

[5] FUNE L BPR, TH 45 A Al B S A A Aub L o ik A 7 7K 5%
AREGWFFTH ] AL T % ,2016,35(1) :263-268.

[6] RRKT:, BRika , MG VE 45 S AU AL S L LB R R 5%
HER[T] AL T HERE 2014,33(4) :1010-1014.

E405E 2 H

(7] BRZE 55 A, 45 R RS/ SRR AL S AL T b PEAE
TA5K[J]. Tl Kb 3 ,2017,37(4) :62-65.
ZEAR R R EL A RLAR 5 T KA T I A A A A S 4R 4 AL
M J] Rl 244 ,2018,38(4) :1494-1500.
(9] J7 8. 526 JURL A AL 11 ] 9 B A8 B G 35 7K S At € v i3 B2
[D]. Sl 2Tl ke, 2013.
[10] Wei K J,Cao X X,Gu W C,et al.Ni-induced C-Al,0;-framework

[8

s

(NiCAF) supported core-multishell catalysts for efficient catalytic
ozonation; A structure-to-performance study[ J ].Environmental Sci-
ence & Technology,2019,53(12) :6917-6926.

Rivera-Utilla J, Sdnchez-Polo M. Ozonation of 1,3, 6-naphthalene-

—
—_
—_

[

trisulphonic acid catalysed by activated carbon in aqueous phase
[J].Applied Catalysis B:Environmental ,2002,39(4) :319-329.

[12] Stachelin J, Hoigné J.Decomposition of ozone in water: Rate of initi-
ation by hydroxide ions and hydrogen peroxide [ J].Environmental
Science & Technology, 1982,16(10) :676-681.

[13] Legube B, Leitner N K V.Catalytic ozonation: A promising advanced
oxidation technology for water treatment[ J].Catalysis Today, 1999,
53(1) :61-72.

[ 147 R, 535 FR 00T e 700 A M 0 e e X B8 7 BBk i W R [T ]
RbE T 2441 ,2013,7(6) :2233-2238.

[15] A5, R IRZE, A5 DI TG M i 1k R 4 TR B S P Ak 2 AL T
TIKIBTFE [ ] IR R ,2016,42(5) :81-85.

[16] TR, 5 R0 M 700 o 3 1 e X B 7 ekt iy R [0 ]
HBE LR, 2003,7(6) :2233-2238.

(177 REid, 80T, B0 JL, 45 30 e e et B v 35 7K o 24 i g g o 40F
FE[ 1.8 LT, 2018,47(1) ; 117-120.

(18] UK, 27T A= oKk v LA MR P B 52 [0 ] B B,
2008,33(8) :84-87.1

(E#% 171 ®)

(117 B AR, S8 AR 45, A B £ g iy 1 FE G 7o i o1
R[] ASA11E T ,2016,33(2) :157-161.

[12] Yoshio O, Hideshi H. [ ABAfE k[ M]. =%, SR9e e, B 46,
PR g 5 B K2R A, 2013 :105-106.

[13] Schroth W.Aspects and prospects of the chemistry of organic hetero-

[

cycles (review).Part II[ J].Chemistry of Heterocyclic Compounds,
1985,21(12) :1303-1334.

[14] Jellison G E,Boatner L. A.Optical functions of uniaxial ZnO deter-

[

mined by generalized ellipsometry [ J ]. Physical Review, B.
Condensed Matter, 1998 ,58(7) :3586-3589.

[15] Hussein M Z, Lee H V, Yunus R, et al. Transesterification of
jatropha oil with methanol over Mg-Zn mixed metal oxide catalysts
[1].Energy,2013,49.12-18.

[16] Pasupulety N, Rempel G L, Ng F T T.Studies on Mg-Zn mixed

s

oxide catalyst for biodiesel production [ J]. Applied Catalysis A
General ,2015,489.77-85.
[17] 208, AL 258w % Zn-Mg &2 &8Pk = amHh
A PR H TR D] RS 401 T.,2018,35(3) :415-422,455.
WS, BEEREE R RS, S5 BCPEIR X Mo—Mn/TiO, {81k 7] i
T RGP B [ ] AL T HERE 2018,37(1) :119-127.

—
—_
oo}

[

[19] Mguni L L, Mukenga M, Jalama K, et al.Effect of calcination tem-
perature and MgO crystallite size on MgO/TiO, catalyst system for
soybean oil transesterification[ J].Catalysis Communications,2013,
34.52-57.

[20] Take J I,Kikuchi N, Yoneda Y.Base-strength distribution studies of
solid-base surfaces[ J].Journal of Catalysis,1971,21(2) ;164-170.

[21] ¥4 La/CaO/MgO/ Al, O [ 14 B f 11 590 1) il 45 S RAE [T ].
g ,2016,41(11) :52-56.

[227] Kozlowski J T, Aronson M T,Davis R J.Transesterification of tribu-
tyrin with methanol over basic Mg:Zr mixed oxide catalysts[ J].Ap-
plied Catalysis B:Environmental ,2010;96:508-515.

[23] Zein K.Heiba A, Mohamed B M.Effect of annealed and Mg-doped
nano ZnO on physical properties of PVA[ J].Journal of Molecular
Structure,2019,1181:507-517.

[24] Hagino S, Yoshio K, Yamazaki T, et al.Electronic ferroelectricity in
ZnO[ J].Ferroelectrics,2001,264( 1) ;235-240.

[25] Onodera A.Novel Ferroelectricity in Il -VI Semiconductor ZnO[J].
Ferroelectrics,2002,267(1) :131-137.

[26] Olutoye M A, Hameed B H. Transesterification of palm oil on
KyMg,_,Zn,,, O5 catalyst: Effect of Mg-Zn interaction[ J ] .Fuel Pro-
cessing Technology,2010,91(6) :653-659.H



