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Ozonation of Aqueous Reactive Black 5
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Abstract: Pyrite Cinder (PyC) supported Ce by optimized
incipient wetness impregnation was prepared to enhance the
catalytic activity of PyC in ozonation. TOC removal efficiency
of 0;/Ce-PyC was kept at about 80 % in the pH range of 3 to
10 in the degradation of aqueous Reactive Black 5(RB5) which
was quiet different from the case of traditional ozonation. The
kinetic analysis showed that the TOC removal rate constant of
05 /Ce-PyC was 7. 22 times higher than that of O, alone in the
degradation of RB5. Moreover, the fact that more than 75 %
of TOC removal efficiency while the catalyst was reused for
the third time indicated stable catalytic activity of Ce-PyC.
Surface hydroxyl groups were the key to catalytic activity of
PyC while supported Ce enhanced its catalytic activity for its
effectiveness in decomposing Os; into HO + . Ce-PyC showed
its potential application value in wastewater treatment

considering the low cost.
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Fig.1 XRD pattern of PyC

1.2 BMEERTRER&ETZ

T AR AR A R P 1 SR IR itk B 100
H i 22 Bk RBURLEY) PyC Ul I A E %k 3 W
WP E B Ba T (10 @ A B E AR Ce(NOs) (0. 1
mol « L', 1 L)W 2B H+HIR 5 12 h; )5, Ui
YEAF RS HHE 80 CRALT I UTIEY T 600 “CHEES 6
h, Yo H 5 B 51 BRI 0 BB PR i (Ce-PyO).
1.3 XWHEMGWAE

SRR R A A BRI A LA AR
R 2.2 L, SEEORTHE SO o 258 F KIS e 80K,
REMPFABRSEA TR AR, RE5EW
BT T 52 NLAS IS R i B B Sk RBS 41
KR FIAE S 56 % A AT IE ] rOALDUE K BB 2 1.(200
mg » L )RB5 KM AZI R R85 5 A —E & K
Ce-PyC &, PyC fEA b, ff R B R A 35 R & 7™
ARRBEREA O, RENREEARENRN 5 mg
min~', FANLBBE LA W A A R R 53950,
Fie N [ By BT i) (V) R BB KR 22 85 00 43 B T BB R 12

(AR JS a3 Ar 5 e R BE LR K TOC LUK pH 45

G305 85 PyC M #R & AL F K% (PM 400,
Mettler) , b3 i BT LU 3% 1w B 8 (JW-BF270,
JW) , RBS (R R GURLEK , SHIE B 595 nm) i ke
5 4% & Ah AT UL 43 6Ot BE aF i I A (TU-1810,
Persee) , KK #) pH A pH 3 & (pH-2s, Hach),
Bk # TOC A& A Bk 43 #r AL & (TOC-L
CPHCN 200, Shimadzu) ,PyC B XRD EF X §4&
FrATAL 548 (D 8 Advance X-ray Spectrometer,
Bruker) , R FHIBEEN O; Y&, I HNSBEFH
ICP 2 (Agilent 720 ES, Agilent),
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2.1 PyC fa#f Ce TE &G MU RIERERIE
2.1.1 PyC iz Ce T EE&MMAL

Ce-PyC {457 1 ] 25 R IR 5 R IE . WHR B
I 1] B E] BRI A S R R AT T 4k
W LA LIEWL, PyC gk Ce BAEM LEFKM N
BEATE] 4 h,JBFERTIE] 6 h, Bkl 600°C.

F1 PyCHig Ce TEHMEMK
Tab.1 Process conditions optimization of Ce-PyC

fepn  ERER RMR O RGRE TOC L

B/ 1/ B R
c—1 500 24 6 78.0
c—2 700 24 6 74.0
c—3 600 24 6 81.3
c—4 600 16 6 79. 6
c—5 600 12 6 81.2
c—6 600 8 6 78.2
c—7 600 4 6 83.3
c—8 600 4 8 83.2
c—9 600 4 5 64.0
c—10 600 4 4 76. 6

2.1.2 PyC Fl Ce-PyC 1:RERIFRAE

& 2,3 452 PyC F1 Ce-PyC ) SEM(EAHH
F W45 B A1 EDS(X SR BEIE 10O u & 40 i .
PyC 5 Ce-PyC 2L T AWK EIEA. PyC &
T 22 S BN HL I A4 bR LA B b 53 A6 A8 £ 1R A 4070
WokL, i Ce-PyC 3R 2 2 B TP S (B TR 41 /NSO
Bors vt EE A ER T & B & EN
AL K PyC RIETIAR T Ce EALBFTEL. XF PyC
1 Ce-PyC By EDS TR /- HrR M . &2 2] PyC XM
Ce TR MAFFE, IEH] Ce REARURAE T PyC IR
. HF PyC ZE 8 ba it # b R 1w &4k, (5 Bt )5
Ce-PyC MR AR & BB B34 m.
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Fig.2 SEM images of PyC and Ce-PyC
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Fig.3 EDS analysis of PyC and Ce-PyC
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Ce-PyC % s fif 5 (pH,.) 434125 pH = 6. 97 Fl
7.63,PyC 173 Ce B4 T A0 2R TH A PR BRI , 3X
W2 B WS BRI I AL TS P,

F BET (Brunauter-Emmett-Teller) J5 3 43 H)
W7 PyC #l Ce-PyC Wy LL R IR Aper (R 2). 171
# Ce BRAK T PyC 9 Hu R A, 3X 7] BB 2 (R R 4B e
512 PyC SR AR MRS , [RlA 8 TR M Ce
St 478 35 RIEFLIE FAEBTA T F3 PyC Hk
T AR AR, 46 R 280 T BB L R 2 5 385 R
Eﬁj ﬁ Jire Iz%f& ’ ﬁﬂ MHOI/GACU] s TiO; /Al O, ol
8. BB, ME T PyC gk Ce Tl /5 MR FIRE fL5R BE
M, (% 2). PyC W FIm i i Bk Ce JF A Y .
MIRER, EEERAFEKRMT 08 RE& PR
Fe; O, #4t4 Fe, Os . {BJE Ce-PyC MR VLRI 2 L
0% J& DAPRIE L VR 4 B
2.2 $i%k CeXf PyC L IEEERIRIT

Ce REEALY X R E A ERTTRYBA K
L RIEALPE MY, B, R TIESE Ce J& Ce-PyC {8
TGP B R R L IO H R T AGM Ce BBUHE
et (m-PyC) , HR BN 6] SR Bt [ R e IR 1

Zeta B A7 /mV

pH
4 PyCHl Ce-PyC i Zeta H{if
Fig.4 Zeta potential of PyC and Ce-PyC

%2 PyCHaa# CeWiBItXRAR R MM IEE
Tab.2 BET and Ms of PyC and Ce-PyC

AL Aper/(m? « g7 1) M,/(Am? - kgD
PyC 6.0 19.1
Ce—PyC 1.4 3.2

N Ce-PyC il 8 TZ &M —3, R 2B HRW RS
4K,

S 5IBFR T PyC, Ce-PyC Fl m-PyC K {L R
SEARR. W 5 FR, 3 R LTI AR R R A
HIEALREHE. Os/Ce - PyC #8467 i 3 52 & I, »
TOCH ERRR LA O, RREE T 40. 0%, b
O, /PyCIRZERT T 22. 6%;{BJE O;/m PyC 1
BRSO /PyC HEAKREA W BRS., B f
R Ce ¥ F PyC ffb ¥ RER R TEE/EM, Ce 2
Ce-PyC 2 F PyC 015 M o 2 48 5 0 5.
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Fig.5 Catalytic effect of PyC after different

modifications

2.3 Ce-PyC M= #IE

Ce-PyC HE 38 1 H BT & 1978 B840 X R 4K
SALEBMEAAE R, It DUHA I S5 ma f AL 3k .
R T pH A 7 BRI Ce-PyC $im & X 4
BN (B 6). Ce-PyC BB M 1.0 g « L1 1
MZE 2.5 g« L7, 2 TOC M 63, 150 EEE
83.26% (B4 HIEHIZE 5.0 g « L}, TOC &
RIEMLE 70, 43%. BLAh. 253 2 h RREE O;/Ce-
PyC &% 1.0 g « L' #0nE TOC RERECRMF5. 0
g« LB, A B B R AR — A E AR Os 43
fr=4 HO « . B — F el RE L S FET=E W
HO - . B2 40500 58 I =2 f 384 i, R &R h i #E
HO - (881 B2 358 . AT AR R 910 A WL
HIRES). PRIESE 2.5 g « L' A Ce-PyC A iER

L=

100 o0,

——1.0g.L"! Ce-PyC
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—5.0g.L! Ce—PyC
60F
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Fig.6 Effect of Ce-PyC dosage on mineralization
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pHE O; ARl BRENEENEMERZ —
KHs# OH™ 251 % Oy W40, K pH I F H S
15 O 43R ER, TR HE HO « Br=2E, [

JKEER pH 2 535 i B Wi 4 500 A 3% T R AR
o,

MOH + H"< MOH," (pH << pH,,.)

MOH + OH™ < MO~ + H;0 (pH > pH,..)

% pH< pH,. AR R T8 T 574, 47 1E
FLs 24 pH> pHp. MR T T E BT, i
.

RB5 775 A 4 M ERBREEF 1 &3, AR )
pH KA WAL 22 2 M H AP HORZS B Ce -
PyC 3% W SR, BRI R R AL 0] 5 Gekl o 1
e i S o

=Me—O" +<i> =Me—0OH +<i> =Me—0OH,"
R—O0SO;”™ + =Me—0OH, " &
R—0S0O;—Me= + H,0
R—OSO;H + =Me—0OH, "<
R—0OSO; H—Me= + H,0

R—OSO, H—Me= ©R—0OSO;—Me= + H

R, FRR TR E R 2.5 g « LTHIAR
E#I46 pH GLRE K EBRCRUTFR (B 7, B 7 44k
FrHt co i RB5 GeRHIIURYREE . c Jy RB5 kbR ED.
0,/Ce- PyC % pH X 3.0,4.0,5.5,7.0,10.0 3% 5
RS T 458 J AR E I IR G RCR; T H pH
JFRXF Oy /Ce-PyC kbH RB5 F/K 54k 7= 4= W i
MR, TOC £BRFLE 3~10 §) pH YT HE N 4R
7E 80 %0 £ Aq. Bk, FTLAIAK Ce-PyC X R A SEALTE
BT pH 0 PN 34 4k 55 R s e AR R AR AL T
HEROALH Os 44 HO » , T Z /K 3R
AP T k. FCHFR R Y] #1 4R pH X BArTs
Jul R IR R AR A8 T WA, I pH
WA EAR T H R T4k, K pH &4 R4
FHEFRSH Y > FREL. Mim pH AR TR
SRR TR BN HO « " AT &
R pH I A E B = BT Liu R B 6. 8 —Fl
Fe-Cu-O fiE L A L R A AL R IR ML B I et
pH. (B2 AR pH #ug i) IE Mk R 8 Ak
PRFRR ILARE , H i, X2 Ce-PyC {6 R & E AL
MR AFRE IS TR T eGSR R EEZ pH
R R PR 2, fH S B LI A5 7 B — 25
AW,
2.5 Ce-PyCHIEEFIA

Ce-PyC & ERH PyC TEH Ce(NOs
HIZK R R AR 5 iR B BE s Bl itk Ce, Fe, Mn 45
& JB B W] BB 3 TE KU He AR TR 3R DA il o AT
R Ce-PyC ROMEALTE P , 48 S AL A 15 FH 4.
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Fig.7 Effect of pH on catalytic ozonation

T VAL AR E P HEA T TR T S
BRI 1 2 W EZ AR 5. 40, KNG 3
W H L4 BB T Ce, Fe, Mn ) T B (KT
IUASEIRILR (4 pg « 170 WE T4 th i A B2 AT LA
W Ce-PyC thBEBARE.

LR Ce-PyCEEAMMT 6 A 8), KA
FJE#) Ce-PyC & 8OCHT /R & M. EEAH 3 K
J& Ce-PyC AL M A 1 I AR, B AR BN
TOC KBRFME 1 M 83. 260 FRIRES 3 IR
75,1006, (HR M 3 WITIRIA R TOC EERR—
HAE TSN LR HEARFFARAE. Ce-PyC fEALTERERY
e AR — 8 2 T BRSO B A2 R s A 51 2% 1 1
FRACAE ] BB IR Oy e A 79 2 T 4 J B T T
B, RHRE RN Ce BT, HTE PyC R HAE
BARD 3 H R W RD BRHEXT Ce-PyC AL
PR REEN.

3 0;/Ce-PyC =B RB5 H1I8 K &
M=

3.1 HO - =& HEIF

#/min

B8 Ce-PyCESFH ARMELIERE
Fig.8 Stability of Ce-PyC catalytic activity

BRI IR AR YA 1k R AR AL A H At BL
L R SIR R RM TN TF AR S &R A
YREHE S HESHWEIYRS THRES T
BEREALTT 28R ) P R AR M 2 T %) 55 4% P AL
YRR E 0T RS RN, e RN EEEL
R E. BE%E R HWIEHEEL R A S EE
HO - FeAERLEN), A3 PyC 13 Ce JEREMBIR S
AL R AW L RB5 M08, HOCRMTZE T3 T O;
GYFRFEEE HO « . R RE R 6 rh 8] 7= 4 40 2 BR AR M
PR\ HIEEAN (FE pH > 5 I, 2B 3R H
B <0.04mol+ L7« s, {HE HO « 5Z]HI K
PEER AR 10° mol » L7 » g7 181,

HI TR A AT IR, KPS R 2E R
)25 R BRI K 430 R BRI K 43 F 43 & AR
_FEﬁgt

=H,0 < HO"+ H"

R B S S TR AL R SR TH T L3R TH R A R R
HAK/ BAMRE SR O /3 FERAERK A |
FERESTE ALY R AR IR 5 2 — R 5 14X
B, B8 HO » WA g0, Zhang 25701 B 258
HHFEIESL T REAEE MR AR R ER
AP WEESE. DESEP BT T R ALY
1 B 48 5 R BLER B 5%, i T S R AR A Bk T LA
AR A A R Al i, SR RE R A
B AR EEEMKT O, 4 FrREDF.

ARKELE BRI O 4 F 44 HO -
FIBFLER AN T s,

=Me—OH+0;—> =Me—OH—0; ¥ —

=Me—HO,” + O,
=Me—HO,”+ O;—> =Me + HO+ +
0,” « + 0O
0,”+« + O;+ H = HO- + 20,
M 2.2 1850, PyC X RAEE L BR RBS LEA
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ROO+ <> ROOH + R -

3.2 BUREFMER RBS RNFHFEHNE

O, /Ce—PyC ﬁggfﬁ% RB5 H‘Jﬂﬁﬁ@% Os 52}'?‘
W EEAALR O; 24 HO » B, H itk
RBS JURHA TR 9 5 € l LUE i T iFRom ™ .

RB5 + Oy— P (k1) D

RB5 + HO+ — P (%) 2

RB5 Lk 22 B 15 Ol o] LUE 3 T 51 #E— S R

2 45 MR B Pe i (b R R IR g R 5 1733
BMAFIERER:
d
_E;‘: klcos C"— kZCHO' C (3)

Ko, WU O BIWIE s cno- HAEAY HO -
WL 3Ry N RBS 20771 Os 23T B9 SRR R H 8L &,
A RB5 201 #l HO » B SCREE 3 5 B LR, 4550
(3) AT LU T 3 4 5k

Co

In —= ks Y
¢

:Tib:P:Co ﬂi’ RB5 %ﬂﬁr?ﬂ]ﬁé‘%‘?ﬁ,k = ]€1Co3 + ks cro- .
Elh, TOC KBRIFHLUL AT Lhid T R

In %Zk/t

A To 9 RB5 Yekgiis TOC Kk = Eico, +
kycio. .

M 3 TLIEH, O /PyC, O;/Ce-PyC 4L R
FURZR X RB5 R H 405 5 2 Os B ki
1. 40 0 1. 65 4%; 18 Os/PyC, Qs /Ce-PyC f{L ik %
XF TOC LBRHZBH B0 Os B A L4, 4450
7. 22 £, %W PyC f1 Ce-PyC X B A WIS 1T
WREAHEEMIEM. F851E Ce-PyC REL T H
AL TS M, R W B R A S L B /K
TOC WERR, IR T 1558 50 R A A5 44 )
WAL ZAR I ) B, X T /K TR EE AL B ELA L%, BB R
Jr& B AL B .
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Tab.3 Pseudo-first-order kinetics of ozonation and catalytic ozonation

k/min—! R?
Hi Oy 0;/PyC 0;/Ce—PyC Os 0O;/PyC 03 /Ce—PyC
¢ 0, 20 0. 28 0. 33 0.99 0. 99 0. 99
TOC 0.001 8 0.008 0 0.013 0 0.91 0. 90 0.98
TRALTE M O B A , 77 L) o A2 3 . MBS
4 it FW] PyC £ MR EEEHARM AR Ce £ Ce-

KPR SREHR T gk Ce 1y PyC fE Rk
¥R A AR AL o T2, B Tk
S PL &1 Bikl &1 Ce-PyC AR Y
bR EAOR, 75 B X F ALY M 163, Xt
TOC M EBRB R LR R AT 7. 22 15, lLRHK
PERY PyC #2795 4. 44 ££. W B pH & 3.0 ~ 10.0
HIFE N Ce-PyC #JREPRFFHRE B 80 I AL 75
TOC £ GRYEIFLE 80 WA A, ik T REE
3% pH S0 KW )R R Al T Y B R R .

bR , EEF A 6 IRJ5 Ce-PyC

PyC AEALTE AR i S,

PyC —F b TR, i 5 15, R E LB
PyC Xt R\ EMRA B AL rEaE. i B 257 i
I L Ce-PyC, HfE (LR RE R R HR R, KL PyC
HHEALH A R BT R B B B R E AR Z 5
B @i — 2 RO AL FINL BB A BB TT K
BB N F TSR B A R BB,

Sk :
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