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Shaped ball catalyst activated peroxymonosulfate for efficient removal of carbonyl-containing VOCs in water. LIU Shuai,
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(MOE Key Laboratory of Resources and Environmental Systems Optimization, College of Environmental Science and Engineering,
North China Electric Power University, Beijing 102206, China). China Environmental Science, 2025,45(7): 3791~3798

Abstract: A spherical Co-based catalyst (Co-BC) was successfully synthesized via ion—exchange and molding (drying, binding,
rolling, calcination) using ZSM-5 as support and Co(NOs), as active component, with ultralow Co content (0.94wt.%). Multiple
characterizations (EDS/XRD/ICP/XPS) demonstrated Co-BC's efficient PMS activation for aqueous acetone (CVOC model)
degradation. Under the conditions of 5x10 ®acetone (initial pH=7), 7.5mmol/L PMS dosage, 10g/L Co-BC dosage, the removal
efficiency of acetone can reach 100% in 2hours, with a pseudo first order kinetic constant of 0.077min"'. Radical quenching
experiment and electron spin-resonance spectrometer (ESR) characterization results indicated that the excellent performance was
attributed to synergy of radicals (S04, ‘OH, 0,™) and nonradical (‘0,). Co-BC performed good removal efficiency (70%~100%) for
acetone within a wide pH range (3~11). After being reused for Stimes, Co-BC still exhibited a removal rate of 90% for acetone. The
Co leaching amount from the Co-BC/PMS system was merely 0.61mg/L, well within the national wastewater discharge limit of
Img/L and significantly lower than that (9.86mg/L) of the powder catalyst under identical conditions, demonstrating the superior
catalytic performance and stability of Co-BC.

Key words: shaped Co-based ball catalyst; carbonyl-containing VOCs; PMS activation; industrial application; efficient removal

T R A W B Y(CVOCs) L FE T AR LT — B ER Eh (PMS) ) i e A AL H R
L N EERIA I, JE TN A= b i) —25F 3 VOCs.  (AOPs)A LA BE . e Nah Sk, S 44
CVOCs X BAF IR TE R A e [ A, FIL pH B S50 T 25 52 0 AR KA WL G
X NSRRI B 8 LA ™ o £ i U Y B¢ At b B0 b 7y N U AR L e
R FEENEHE CVOCs 2 — AE i)k T o GBS AN, BB YES RS PMS,
P A G T L O N RI )2 S T4k T P A 2 o s i 1 S AR (ROS), B HE R F i 2
SRR . AL %%@?—Fﬁﬂiﬁ%%ﬂkm% WS ELR: 2025-11-10

HRE A 45 35 98 4 9 W I H (2024MS054,2024MS061); [ 52 705 H 35 4F Rl 2 3
0k (1~2500)x 1073, * AT, HIEEE, qdai@ncepu.edu.cn




3792 A 45 %

(OH), BRI I HH (SO, ™), B4 H HIE(0,7), L2k
AEC O M 4 a8 250 X 8 ROS AT LLIE 1 i
AR SRR 75 G I - B5 SRR I s A1
BLV5 Bt 27 5 7 56 (Co) k(Fe) 4(Cu)dkds it
V4 B AR T VR UL AL PR RO S RERE
fit. PMS FIH S, fetEae RIS A5 T
NATTx PMS S AR AR K S He b Co 11 HpuRy
¥y 3d BLIE I G PMS KB S R A ARG PP B K
2 B A 700 #B 2 R A A Ak 5, 81 G K R A AL 7R
BiOC! 6T AT 2035 1k PMSS B fiit R s it o,
K R AEALF] CooSg@N-C Fl CoS,@MoS, 1 1] LLIE 1L
PMS [ s Sz I o R o Al Ak 3504 45 [l
WA VR, — s g ™ o A g UL IR I, O R — el v
B0 R T B R A 1) A2 AR 0K — i 8 )

AR SC A R B A 3 PR 2 J AR 25 kg A1 B 1 ¥
F53 TR ZSM-5) R 284, T8 3 1257 A 3206 Co 15
NEAEMRL I Hil 25 E A MBI T T KiG
WK, Rrbe SR DRI T UL Co JE/ Bk
FI(Co-BC), 3L £ CVOCs H 5 LI [ 35 YL 49 T il
VE R AL 75 B, LA DAl SEAR A0 2 B, R AN ]
S5 NG5 A DA T 4 i 2 ¥ 52 .. Co—BC ¥ HE 52 F)
FHVE L ANE I 4 85 (SEM-EDS), X 5 267 41X
(XRD), HL A G 55 B 1 A R BOGIHE(ICP), X 4k
I LT BE R U(XPS) 2R MEF AR Co-BC [ITESIAL
JEEREAT A3 M5 45 A B ER 3R VA K S0 R H 1 A 3
PR(EPR)IIIR 43 W i% 44 2 10 = TS PR Pl I W At
HUFE, 3 o] BE 1A A i 422, D KA R CVOCs IR 3%
J:BRA AOPs [H1SEBR Y FHER (S 2%

1 MRETE

1.1 AERE 200

F B — AR 2 (KHSO05-0.5KHS Oy
0.5K,S0,4,PMS) 4 il (AR,>99.9%), N % (AR,97%), X}
AR (BQ,AR,99%), 7k H i (BA,AR,99.5%) 3414 T~ |
U B o T AR A RE B A AR 2w LB AR A R
(N2;S,03,AR,99%), & % A 41 (NaOH, AR, 97 %), B i
(FFA,AR,98%), Ffl 3 3L I I (PMSO,AR,98%), . i
(ACN,HPLC,>99.9%),2,4- — filj %= 7 JIif (AR,HPLC,
98%),ZSM-5 JJ) T~ b va kA AR A BRI
oy ALk TR R £k (NaS,04,PDS), Z 1§ (EtOH,AR,
99.7%), WAk A (KT) 34 1 T4 = (R #2743 70 FR

O\ ] AE R B (Co(NO3), AR) I T~ R R 2 R 40 253
FUATBR 2 ) BT AT A3 4 2 A 4t

SIS s - i O €4 3 (HPLC,S 03100, H
LR AR A BR A W), 4 =0T WA oot Bt
(UV-vis,UV-2700, 5, H A%).

1.2 Ak &

AP H W T Co-BC L7, LL ZSM-5
HEAR,Co(NOs), Al T SR, Co(NO;), it H1 4
TN 2~15% 2 P B (1) % 2~10g ZSM-5 &
100mL 5% 4 0.1~0.3mol/L ] Co(NOs), ¥R &
HEAT B 7 A3 19 B A0 0T B8 A4 ()% BT SR AR 1E AT
B loe; 3Rt e I A Rhad sk k. T KG &
TRER RrbetE 120 /N ERIR, RITY Co-BC AL
1.3 HAbFIERAE

K X B ATHHMY(XRD,SmartLab SE,Rigaku,
Japan) 73 A7 fHE A4 771 45 440 F1) TG 4 BE 5 (0 SOG4
(EDS,OXFORD Limit 100, 5% [ ) ¥4 i+ ik se
(SEM,Zeiss Sigma 500,78 )%} Co-BC M ES
HEATRAE @ X 3 2k 56 H 7 g 13 (XPS, Thermo
EscalLab 250Xi,32 [E) 73 M7 H T 2 41 il 5 WL 7 45145
) FH L1 A Jig 232 (ESR, Bruker EMXplus Y i3, 1
] AR W3t A A2 P SR P PR 5 25 8 AR S e it
:(ICP-OES, 1! 5 Agilent 720,25 [E)ill5E Co-BC
Co. Al Si TEF MR N GHET Co iR HIH.
1.4 SER 7L

JIA Co-BC/PMS A4 Z0F AT DAl 1T it A
R, SN R HE IS (150mL) B TG S B FE RS L,
TF Rt A0 S8 A S5 A Ak S WY 1T 4 T0E 3 Co-BC
SECAE S 5x10° NE s N 100mL K 3%
H1,400r/min $5F: 30min CAIA W g i 1 i Bl f v
N\ PMS W05 | AR S kg 0 D3R P88, 3 T3 I (1)
[ FEE 2mL #EAH,ZE 0.22um JEE R U8 5, 7 B )
NayS,03 TR K 45 i, UL HPLC FERTHT ARV 2 N
il PRI, FH 2840 =1] WA G BEVHII & PMS BN [A]
AR AL BT S IA ¥ 3 4L VAT, 40 HARUE 22,

1.5 MR VLR o4 J7v%

FEM e ST AE AL 3 0.8mL FF i W, 5
0.8mL 2,4- —HH R (3g/L) 1.6mL LJfFIR G,
FHR AT 40°CoKi T m# 30min. 2 Ji FH =ik
AR €8 1% (SO3100), 7 AH M. 4 1% 4% £ (COSMOSIL
-5C5~MS-II {438 HFE(4.6mm=250mm). 30°CHEI



6 31

AR ORI NERUEAE RIS i —BR &1 25 BRK T BidE VOCs

3793

LIFE-7K(65+35) I aNAH . 1.0mL/min R &
20uL FOBEFEARRR . 365nm IR K T, 2041 A2 1k
(AT A=, I AR b e v 5 R S 3 e A Vs ey
S B I ) £ A2 Ak, T A Ve 2 BR AR N T
PMS,H KI AL TR AR 5 5, 1 B2 4h-n] W53
I UV-2700) 0 PMS 5 5 Rl vk KR
352nm. 0 T AR, R B A HLK (TOC) 73 T AX
(TOC-L CPH, Shimadzu, Japan)Jl|:& TOC & &4:1k.

2 FHR51E

2.1
211

AT RAE
SEM. EDS. ICP. XRD Mt #HEIEAES;

(a) REHTHE

FRULFTHIE ) Co-BC AT I (LERTE Hi
B A5 (1.5~3.5mm, -4 2.38mm), & [ HA &%
FHRE R (B 1(a) (0)), A H T AL B £ B 1(e)~ (d)
], Co-BC AL Co. Al Si Al O 415k, tEY
I ATLEMAL TR LU T Co IRREhiB N 0K
1(e)fi7~, Co-BC F#if Al Al Si A it i &
HK,Co Fr RmARAK(0.94wt.%), 5 EDS 45 H(1.1wt.%)
— BRI Co 75 1t AT LU 25 B RS, AT 24 R 1
Co [P H BRARXT AR 11 f6 3. an ] 1(DFrzR, Co-BC
(A7 5 ZSM-5(JCDPS 37-0359) VL & 47135
A Co ] Co-BC £ T ZSM-5 7F 7.9,8.9,23.1,24.1°
b AL AT 506, ZSM-5 (R B SR e A8 Ak

(c) EDSBRST Co

(e) ICP-OES

18.34

U (a.u.)
Y™
* Hoza
f» e
(o]
(=]
@
O

i
Al Si 20 40 60 80

ZEE RS (keV) 20¢)
N/
Fl1 CoBC RN HT
Fig.1 Characterization analysis of Co-BC
(a) XPSEaE 015 58.8 Wt.% (b} Co2p (c) O1s
- _ 7859 .y 31.5% 68.5%
s |Co-BC n Al2p 342 W% E corr CoW32 N T e 314
s Co 2p 0.9 Wt.% P s Co2p1i2 229_3 o ;:105 3 loosc T A — " S
E . - : 1 . il
£ Si2p 6.1 Wt.% £ =
el O 15548 WL% = \ =
bl on o
& i = i 531.9
- Al2p 3.5Wt.% Ve it
ZSM-5 P Z5M5 &
Co-BC Co?/Co® = 0.94
"Si2p 31.7 Wt . . . . N s . N
1200 1000 800 600 400 200 O 810 800 790 780 538 536 534 532 530 528 526
HETE (eV) L5#riE (eV) B V)

2 Co-BC M1 ZSM-5 [y XPS K%
Fig.2 XPS spectra of Co-ZSM and ZSM-5

2.1.2 XPS/rHr ¥ 2(a)ilE5E Co-BC FIHIAFLE O
1s(61.4%) . Al 2p(31.2%). Si 2p(6.8%) Fl Co
2p(0.6%) VY Fl i i 16 14 2(b) &7 781.4 eV(Co’Y).

785.9 eV(Co™")F1790.3 eV( T/ I, Sat.)3 MEFE I,
T Co™ R Co™ MR T L6 0.94, K WIEHET

FE 5y Co™ AR X R AR 1) Co B2k H 4
P B R A D S 25 S B T AR T R

9 FUAR S A AL PEAR A T 5RO 1s
A% 2(c) T 531.4 e V(IR S 532.9 e V(5
23 ()WL A A B B IE 31.5% M A A AL A



3794 HOE

B R %

45 %%

31.5%,1F 58 Co™ B APY/Si* 51 (AR5 2y
RN PLIX RO Co 2% 5 4 A5 A B IR R Y
W T AR T R RS RE O, O AR S i i AL
W PERR AL T g kg S mmt e,

2.2 LRI

221 AHAEMAFAERTRBEMEEE HEH
Ho0, {0 1 45 1~ R I H S5 R I L BE ) ik 4
pH=3 1Eh H,0, 3545 4F,pH=7 1E-5 PMS,PDS
1 O5 R SZI 45, 1 ] 3 (a) F & ()T 7, 26 AH [F) AL Ak
FEhHE 7.5mmol/L, Co-BC #hifE 50g/L,i5 4ed)
WE N 5x10°° (41N, ,Co-BC/PMS 1K R LB %
PRV YL ARk fig, 120min P A SER P 1A 7
(564 2B, A0 T HAb K R (05 R AL 20%).
Co-BC/PMS  [#1£h— 4% Jx I3 3 2 4 $(0.077min ") 73
HilJ& Co-BC/PDS(0.0074min""),Co-BC/0O; (0.0042min ")
H1 Co-BC/H,0; (0.0014min WA K] 10.4. 18.3 1
55.0 . 1A K, W B 3(d) BT 7k ,Co-BC/PMS R 4t
(0.032min"") [¥) 74 85 25 B4 1 fiE e 1, /2 Co-BC/PDS
(0.0077min '), Co-BC/O; (0.023min ') I Co-BC/
H,0,(0.0017min )& Z 1] 4.16 1%,1.40 17 A1 18.80 1.
Co-BC/PMS & & 1) 2 Br Itk it fc 4F . 55 PDS #H
EN Y NIRRTy A X SN R 8 ar T A AT |
fere L8 77 v OH Y Os FIl H,O, AN, PMS fEF=4: H
£S04 "OH. O, ) MAE A 3 ('0y), A %
(SO, "OH. O, )AIHE [ 13 Oo) iy Bl FIE FH AT fig
J& PMS T fig de i 16 J5 AL IR I 36 % Co-BC/PMS 44
RAERE— DR,

(a) REpERRR 0.08Hb) REBERENF

0.04

TR K g (min™")

o
=
3
—
1 .
_ > .
770.0 £ .
2 '
=] —_ .
= §5.0 fir .
© .
< -
18.30 fif .
—.
1041+
-
.

oo2} |
|

— Co-BC + PHIS
0 30 60 90 120
1} 6] (min) 0 o Fog Py

/
o5 (MIN™)

Gose

M |
/
R &,

8

00001 o
30 60 90 120 S T o o o <
i fi] (min) = s O@c,oo“'sc,‘ 8¢, 80,

G 1 o, *'005- mflfg

3 ARV AR T AT e P I D e A 8CR
Fig.3 Removal performance of acetone and propanal in

different oxidant-involved systems

h VA A AR R A S B YR, W 4(a) (b)
Fr7R, 7524 PMS BEINFIE R 7.5mmol/L¥I4A pH {H
N 7,Co-BC &k 50g/L, 18 & 1K &R (79.5% A
i, 100% A 1) 2 B tH 5 5 — 44 3 (78.6% 14 i, 100%
PR )R 14 (1) 88 e 200 2% BP0 2R v A T R A S 1) %
24 1k 0.013,0.032min ", 5 IRA A R (KK
0.011min"", P§ % 24 0.045min") Lt % 4% T (
4(c)).Co-BC/PMS 14 2, IXUE B T 1Z AL R R A S Fr
I R A 250 S T T A L, T R A TR PR A A7)
A 28 v 38 I H A ) B AR A P g 3K 3 B T I B
S [ i, 3 5 AR 2 — 25 DR b, A e 32 o Ji 4t
S R LY G,

222 AFMELFAR SRR @ i
(1) o6 e 2803 P i AL VS 1, ] S(a)~ (b) BT, 1E
PMS # N4 7.5mmol/L, #1146 pH7,Co-BC #n
Bl 50g/L AT B E A 5x10° (R4AE TS, KB
7% Co 1 ZSM-5 JofAk i 14,1 Co-BC 7 120 min
PSEEL 100% 74 i 22 42 (0.077min ), i 44 1 B 2
Co304 I 4.53 15 B A HIL B T 85%, REME VA & Bt
DI, 2 HPLC kR AT AR g, o 18] = 47 P i
% I 7212 CO, Al HaO(K 5(c)). PMS 7E
Co-BC #EAL I (1) 43 i 74 % L Co;04 F1 ZSM-5 41,
XWEIIB AN Co ) Co-BC HA WU AL IE I
(K 5(d), B RS Co RIHEAUN 0.61 mg/L(K
5(e)), U SEAEII A AE A AL T 32 5 B I F2.

2.3 HmEFEES

S HER I AN R A T et g 1k, ARk T
BURE IR 1) (0,30,60,120min). 41 & 6(a) BT 7, 74 i 25 B4
Rk PMS BN (4.5~9.0mmol/L) 5T o
{I%,7.5mmol/L I ik B g L. W UG RCR $ETHH R T 7=
T S 2 ROS,EHE T A 1 B0 it PMS i
A fig ROSs [ FE RN 3% 8 7.5mmol/L 11k 44k 771
PMS fcAEROIN . K 6(b)7 HH,100%] PMS (4.5~
9.0mmol/L){E 120min P 7 if. 1X 5K B L7 Co-BC
A DA B PMS, 77 AR B A I PR 5 PRk, A
A 4 2 B A . AE PMS 7 &[5 52 7.5mmol/L
Ji A AR A AL T L W 6(c) TR, 24 Co-BC
M 25g/L 3842 50g/L I, AR 25 BRI T4 100%, (H
kL3I0 4 200g/L I, 205 % 4 60%. 13X A R H A
o 0 750 BEL R A J3E 3 s 3 e A e oL R ke
ARICIEFE 50g/L AE N S EMEAL A Co-BC #n .



6 JY] AR ORI NERUEAE RIS i —BR &1 25 BRK T BidE VOCs 3795

0.06

@R B R LR (V) AR LIRTER (VD 12
1.0 1.0t &
—@-Co-BCPMS/HE
08 0.8 \ -m-CoBC/PMS/ TiE
Co4 © o4 i RaikA
0.2 0.2 .
0.0 0.0 — 4
0 3 60 80 120 30 0 30 60 90 120 °C xm wm  ww AW
{11 (min) I ] (min)

K 4 Co-BC/PMS AFRMHEMIAR ., SR LERMERE

Fig.4 The removal performance of Co-BC/PMS system in individual system, mixed system

- —— 10
1.0 (0 P V", . i (6) PiRAREY )2 (€) TOCLHRALE 5%
: ’1'\“& fomd 3 3 008} ooz .08 Bl
0.8 — &
T 006} 2 5
S 06 \\' - e g ¥ o6
$) B # 1 E g v
0.4 § = 0041 £ o4
. & : 3
- Co-BC 8
0.2 ::~c<°>30,, \é 100.,/ 002+ o oo o2
o 2
0.0} =#~28M5 \é < .
0.00 0.0
0 30 60 9 70 CoBC  Co,0,  ZSM5 coBOPNS
B} (min)
(d) PMS/MRALE (e) GRS
1.0 i i 1.0 %\ 5
$ 0.8 08 §\ —8-Co-BCIPMS
° —8-Cotl{1/PMS
306 \ . S06 %, o c:;a j’»/wsmw oH
0 ;\! S AN
S 04 \ 04 {'\
o —e-Co-BC s %
0.2} -u-co,0, 02 \§
00 Z5M5 00 — s
0 10 20 30 40 50 60 0 3 60 90 120

W] (min) i{af (min)

K5 AN ZR T PR 0 B A 2R

Fig.5 Degradation effect of acetone in different catalytic systems

PMS TZHIE e TR HE
) (@) PMS Hlili (©) PNSTINE © CoBCTINE_ "
: —o— 4.5 mmaliL PMS 1.0 —e-4.5mmollL PMS 10 -m-50 g Co-BC
0.8 —8-5.4 mmol/t PMS —m-5.4mmollL PMS —A-100 gL Co-BC
’ ~a- 7.5 mmalfl PIS £08 —A-7.5mmolll PMS 0.8 —y- 150 g/ Co-BC
20 0.6 ~v- 9.0 mmoliL PMS 8 06 “v-20mmaLPHS || o ——200 g1 Co-BC
&) n S
04 =04 N 0.4 —~ 4
— |z Y !
02 ‘xg 02 ; 02 —<;
0.0 oo 00 ;
e 30 60 80 0 0 30 60 90 120 0 30 80 90 120
H 18 (min) Bl (min) 4] (min)
(d) MfEmE  —e-sa0tam () pHIE i 5 phik
1.0 ? —m- 10<10° ‘% 1.0 -e—pH=3

—B-25%10
0.8 ~- 5010

15}(]“1(]s Fﬁﬁ = - =
306 = Q06 \ s
[§) )
0.4 \ 0.4 +

02 \ 02 >z

08

In (CICy)

0.0 TT———3 0.0 4
pH= u,k 008
0 30 60 90 120 0 E 90 120 0 30 60 90 120
i (min) BfJH] (min) i) (min)

K6 PMS il Co-BC #hit. WEIAE . pH X Co-BC/PMS 4t H P il AR A ) 520
Fig.6 Effects of PMS dosage, Co-BC dosage, acetone concentration, pH on acetone degradation efficiency in Co-BC/PMS system

W 6(d)FT, B TE e, LR N AL PMS PR £ 1 kOB FON 7 R &
TETED R B AL DL SE A MR IR VG e T LD BCR AR, AT RS 0TS Ak PMS 21k T Ak fig 1148
I e 5107 1 0y N B AE LA IR B I 6(e) (D) 5911 'O,V A pH=3 (I B&AMR R Bl (H R YL 41
BoR, MR P LKA @EH=7) N R B ST Co KRB, R™ E I Ry 4y i,
(0.019min "), XK H G hPE&E AL OH W pH=7 Mk Ni% R ek 4 F.Co-BC/PMS 1k &



3796

L

45 %%

HI AL AT A 7.5mmol/L ) PMS. 50g/L (¥
Co-BC. 5x10 ® [ HA pH=7.
2.4 EMEMIRR S E

7y %K) EtOH. FFA. BA. BQ Al PMSO 1f
N SO,™, 'Oy, "OH, O, i 48 1r 9 K 31, IR 3L 5

0.10

TR R OV R (k(SO,T, EtOH) = (1.6~7.7)
x10"(mol/L) 's ' k('04,FFA)=1.2x10%(mol/L)'s ")) Al
S IAT 25 K O B Ay B AR s AN R 4 E R
(1 b A 3 P, 6 ORI TR) R AT T 4 29 %£(0,10,30,
60,90,120min).

(c) MEsCToR

(a) ¥EKIBPEMRAFE (b) ¥k FHbRMRE )2k —0- N,
0.08 } 0.077 1.0F <8 e
ﬁ 08}
‘.TE 0.06 ()O 06l I~
3 S =
% 004 0.4t ]
3
0.02 0.2t
0.003 0.005 0T 5003 0.004 0.0t
000l == = : — .
0 30 60 90 120 -{,# QO 90 > p% & 0 10 20 30 40 50 60
" ) ey N 4 o \ .
IR 6] (min) 7 I [A] (min)
@ esrE , | (@) ESRFA © BRI
5 3 .
8 s
f:2d R
= =
=3 e v TEMP-0,
@ i
¥ DMPO-0,~
3460 3480 3500 3520 3540 0 340 0 %20 340 3460 3480 3500 3520 3540
WA (G) AR (G) BIHEE (G)

K7 Vs, BEESERA ESR MR
Fig.7 Quenching experiments, aeration N, experiment and ESR tests of Co-BC/PMS system

WK 7(a). (b)F7~,EtOH. BQ. FFA. PMSO
AU BA 35 50 2 40000 o4 W e A, 500 3 2 000 ) e 2
0.003,0.005,0.007,0.003,0.004min ', 3£ ' EtOH Al
PMSO I4E ] 58 PMSO K#:4k 4 PMSO,, FE:
T 4 I A AL LRI, LA 4 AT B U T ok
Yrh 35 44 3RS R 78 Co-BC/PMS R4, 11t
DUV G AR IS VEY) T AU HE SO "OH.
0, 00 TR ME AT B TR R B Y
R e AT 7 MR R0 SEE 0 T EORE AT T A B
(0,10,20,30,45,60min). W1 & 7(c) 7, 117 B 00 P
AR AR LA .35 (0.014,0.01 5min ), iX % VAR,
NS G im P E T ) 7= A HE B T4 A 3 A i A
A O IR RN ARl T B AE Co-BC
/PMS ARG EYIR,(2,2,6,6- VU FHELDRIE ) TEMP
AR '05,(5,5~ - FF - 1-EIEI-N-41L4)DMPO
T 35°OH /SO, F1 O, L4l 7(c)~(e) i, 1
Co-BC/PMS ZZEn LIS R LR 1:1:1 1Y
TEMP-'0, 15 S A3 L 4y 1:2:2:1 /) DMPO-"OH 1%
F. 1:1:1:1:1:1 ) DMPO-SO, 15 5 A M 1:1:1:1 [

DMPO-0, 15 5% K (o3, Co-BC/PMS R ZEH A
P () R 45 22 BRI R T 3 125 (SO, "OHL O, FIEE
LRI O H BRI .

2.5 JRMNHLESHT

2.5.1  MEAFIEEL ST XPS i £3 2
1] Co-BC JLHE T HEGE DEIR, XN HTfF Co-BC
) Co(0.9%~0.7%)~ Al(34.2%~31.7%). O(58.8%~
61.5%)~ Si(6.1%~6.1%)70 % & m A W B A1k, %
B Co-BC Ik VE R AR R 4F.

W 8(a) T 715, 5 % N AT AH B, N S Co™*
(51.5%~53.8%) Fll Co™" 1175 Ft (48.5%~46.2%) ¥ 1
BEAIY RN Co2p U 1) B g Ry 1R R AR R
TR 50,3 Ui Co 7 s K LT, 5 Co™ i BT
Co™ & Bl /b LG M B IR T IX R W] Co I
AT 22— PO I X R LS I R A S Co™ Ar
LTS SR T PMS FE Y L AR K KR Co™
FeAk Sy Co” L [A]IN,Co™ 1 M A AL 15, PMS 11
b, =4 Co™" Se AL G R AR 17, 1 T+ Co™*
| Co™ J2: PR 25 B8, T LU S5 Co™ " (11 55 i 41K



6 3] AR ORI NERUEAE RIS i —BR &1 25 BRK T BidE VOCs 3797

K 8(b) 75, [NV T i 1) AL2p W AT LAAEL &5 1 AP
I —ANEFE U WA ZE 74.6eV.AL TR A AR 6 1

B 31.5%F4 4 28.6%,5 Co™ I /bitash—# it
Ah,Si PRI LT E 4 J 5 1 T TG VA A i PRV R DR
W 40 A A 1) A8 A (1 8(d)). T 25, Co A
HE TR EAL A, Co” TR Co™T 5 PMS N A
[ (S04 "OH. O, AR [ Hi3E('0y).

(a) Co2p Co2p 32 (b) Al2p
Co2p 2 74,5 A
P . A
P G e -~k e
5 o | RFEH
o | R C*'iCo™ = 0.94 h
~ 7872 7825 Feid
b ! e e
i 7922 Co* oy 28
e st 4% b o 78
o ) 1 i AR
75 70

LI EE (eV)

I (au.)

545 540 535 530 110 105 100
SHTTRE (V) e (eV)

K8  Co-BC IS Ml Jis i) XPS Jtils
Fig.8 XPS spectra of Co-BC before and after reaction
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Table 1 Changes in composition elements of Co-BC before

and after reaction

Co AL JX P27 45 (%) S P2 A5 (%)
Co 0.9 0.7
Al 342 317
0 58.8 61.5
Si 6.1 6.1
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Fig.9 The possible mechanism of efficient degradation of
acetone in Co-BC/PMS system
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