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Abstract ; The reactivitys of toluene degradation were investigated at room temperature under atmospheric pressure by using a non — thermal plasma reactor
loaded with SiO,, Al,O; and NiO/Al, O;. The different reactivities on these catalysts may originate from their dielectric constant, toluene adsorption and
ozone decomposition abilities on their surface. In addition, in-situ infrared spectrum technology was used to study adsorption species on catalyst surface
during the toluene degradation. The results showed that, within a certain range, the degradation rate of toluene increased along with the energy density,
dielectric constant, adsorption and the ozone — decomposing ability. Toluene adsorption species on the catalyst surface played important roles on toluene
degradation. The toluene degradation occurred in the vapor phase if SiO, was loaded in the discharge region. However, when Al,O; or NiO/Al, O; was
loaded, the oxidation of toluene to benzoic mainly occurred on the catalyst surface, which was the key step of toluene degradation, and the accumulation
of benzoic acid on the active sites would decrease the catalyst reactivity.

Keywords: plasma;catalysis;toluene; In-situ FTIR
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(Holzer et al. ,2005) , 5 W 3H 78 AL 22 6] 1 H b5 0
HL, T-fEf2 (Chen et al. ,2008) , W [ 52 107 49 4 K452 B2
st 1) 5 7= A o 26 PE P ( Roland et al. ,2005; Jim
et al. ,2008) , 7 5L 48" A 1 AEUE T 5 F R IO
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X PR A BB 57, e = 45 5 I Ak S i o 2
R S SRR

JEAE LT AR 6 T B AR AT LA S 3R AR A 7 T AR
AT 25 Z AR 1% W B A, Ak s b ] 4 B
WAL RN G AEAAE B (Li et al. ,2011) B A/D2F
FBH B AEAL (Marfa et al. ,2011)  #fE4L
(Qu et al. ,2013) KRR % 4k (Zhang et al. , 2002)
SEWFSE TAE Y v SR 5 B0 JRLAE s o b xf: LA 5 45
BT IRAEGEG A5 R AT 4 B T IR
PELLAN A, WF 9% 45 B F IR P[] Sio, | AL, O, ¢
NiO/ AL O, [ B 25 (I B2, 40 M B A AE AL O, 1
BRI B L2 B Ni O (R Xt FRY RS 8 A ads 428 (R 52 T,
B TR AL B A P 210 S5y HLERARF 5 48 AR

2 #RFFE (Materials and methods)
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Fig. 1 The in-situ FTIR reactor of plasma combined with catalysts
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i MCT/ A JEAEBRERFAF R ECR 64 WK, 43 9% H 4
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& (RIS 18 ) A Fie JH56 v 1 P O /DN, i AT 2358
pUp SRR ST BRI AN RIS IR S
2.3 ZEBmFEHEITEAR

N 3 P A N 7 el A O N o B o
FEFI KL I 22 60 ~80 H b i f B T L IX oK o , 3
A B IIRA SR DR B 5 TR LR R Ak
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AEREIE . SIE :%wo (3)
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35 CIH R RET S RLIMES SR E A
100 ppm 10 mL-min ~" i RIS S E W MFE T
TFEEHEIE(AC,50 Hz,0 ~ 15 kV) , % B % ik
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3 R 5938 (Results and discussion)

3.1 (A HY 4 FE SR

3 AR R L 2 T AR LA S HL R A
1 R, AT LLE 1 Si0, 1 Fe R AR N, FLER
Al PAZWEASTE. AL O, K NiO/ AL O, 1Y b 2% 1 AL R £L
FEARZE AN K, Ui 17 28 5 I 1A 5% e 8 AR A B 1Y
FEALER A FARSE I AL O, A HL 8 B0R — 2 42
1=, BEAE P2 T 55 2 1R 37 vh i o W PR RE  1X A
FI T H R A4 A# ( Chen et al. ,2008).

F1 EUAFBWEER
Table 1  The physical properties of the catalyst

| 42 AN Hh A
BER 0 T e
Si0, 0.26 — 2.0 (Walther et al. ,2011)
Al, O, 252.90 11.85 9.5(Yang et al. ,2010)
NiO/ALO;  225.05 12.10 ~50(Tu et al. ,2011)

3.2 BAHERIFNER

SR FHAR 1 20 g 4 25 488 I R R T A5 AR R
FE S B R T I i B O A RICR, W ORI R v R
100 ppm, iRES &N 100 mL-min ", LTI FH &
0.100 g. & 2 ATLAE Y, TCit & & U I AL b1 kL,
B 75 R ek 285 B 3G 0, FORER AL SRR CO, e BEMEAR
BERHER  WR B/ N LY NiO/AL O, > AL O,
> Si0, > 24, Horp Si0, fb 2= e g i M .55, (H A HL
WHCL A SRR, L H R LR A Co, itk S
25 L AE PR L S AR R R TR S AL O, AN
NiO/ AL, O, % L 2R 1HI FRASS 1= M BHS |, BERS IR B BE 22
{14 FR 2R B g R T 7 4 77 A A 2 1) T i v ) AR
AR A FIAH S5 I 9 Ak 27 F- £ 1] 1F 75 1] # 311 ( Roland
et al. ,2005).
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Fig.2 Influence of catalysts on (a) toluene conversion and (h)
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Fig.3 Time profiles for ozone decomposition over Al,O; and NiO/
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FEI R, NiO/ AL O, B AT A # 4 i) B 5040 i v g, Al
] 25 T BB 7= A T 22 () 06 P AR D, 5 WO 7
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PR M A B TR, AR T R R B 0T B
2 [ CO, 1 H, 0.
3.3 WRAAME ALK & TR M LA S X
WRAE T, FHORAE A i Ak 77 22 B 30 min
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SREEASEI B 8 0 IR i | 3k 5 Si0, 114 B 2 T FRARE /1N
B MTE AL O, Bz NiO/Al, O, 2 1f D) #] LA W22 5] B
AR R AR S, 4. C—H 23 (3029 em ™) (Sun
et al. , 2012) .C =C 145 (1606 cm™") (Li et al. ,
2010) I B 2R S (1496 em ™) (Li et al. , 2011)
BRI AR A7) 2% 18 ) IR B 1459 em ™' (Li et al.
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em ™ DU 43 S 17 A 2 R L B C—H R 3l X R 4
T FR A 45 025 i = 30 (Eby et al., 2012; Edwin
et al. , 2012; Yasuda et al. , 1993; Kumar et al. ,
2011) AYHRFAE I IAC I | 3 150 B K 5 AL O, F1 NiO/
AL, O, FRTH A N [R5 BE A AH EL W BFHE . MR s ]
FEH, BT Ni JEFRmRM c—C R REN
(Nozaki et al. , 2004) ,NiO/Al, 0,7 3000 cm ' B}l
FRFRANIL TN ot Ja 110 vy 10k B0 Wi e B W 4 ) AR A
FGEEM AR B UR B . [, 2R 7E NiO/AL O,
F HYHEIEIE 1606 1496 1459 J% 1384 cm ~' &b H1 3
) C—H 25 IR 3h 57 AL, O, 3 I F 55 B AH L B 2
B, BEIA H 2K 5 NiO/ AL, O, 22 T8 =2 6] 14 W% B4 T
IR,
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Fig.4 The FTIR spectrum of the adsorption of toluene on the

surface of different catalysts
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(Andrews et al. , 2007) ,1727 cm "4k} R R 2, 1%
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em MR TSNS #H R 2 (Medda et al. , 2003) ,
VB H R R A 1 T /N RIS 1589 em ™' Al
1353 em ™' IR C =C M4 C—N {45 ¥
3] ( Lehmann et al. , 2007 ; Rao et al. , 2009 ) , 833
em ™' HIRFR C—H FYTAIZNE #H ( Dozov et al. ,1984) ,
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Fig.5 The FTIR spectrum of the toluene degradation by plasma

alone
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[t ( Budevska,2000) 1236 cm ' Si— C 4% 3l W Wie ¢
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Fig.6 The FTIR spectrum of the toluene degradation over SiO,

by plasma
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fig C—OH MY TE M & Mk 2, 1726 em ™' A S22
) C =0 451 1597 cm =" Fl1 1393 cm ' &b 4351 K
FRIRAR COO Y SR FRAR A AN R 4R ( Choi et al.
2005) ,1625 cm ™" NARIR I E SRR Sh , UL N AR RR
TORWEE R AR R ; 1412 om ™ IR IR 1 B2
245 3 ( Zenon, 2005 ) , 1 1377 em ™' 4L A B 1§ K
—CH, XFRAE £, 967 em ™' H B T 3 21 %) I X0 4
C =C 1Y {1 45 1% ( Tuazon et al. ,1978) ,fLEBZHKY)
JE 7= H 51690 em ™' F1 1678 em ™' ki FLfg 15 2 Al
TRRME C =0 fH 45 1% ( Zafeiropoulos et al. ,
2003), 1207 em ™' 1176 em ™' 7 3 55 5 # 1Y BE 2K
C—O—C ¥RBhE (Hu et al. ,2012) , TR EE R
e [E) 7= WA SR R AR CO, B HL O, T2
FEREALTRI R AR B TE R T B2 ikt
AR A A0 TR0 %) W2 B X35 e 7 4
TR R EA T EE W (Kim et al.
2005) , AL, O LR THIFRAL i, HA B0 i Wz 5P 1 A 5
K PRI B A W o Y R e R 25 rh (] = ), 1 v
R A7) 2R 18 1% PR 2 R b ) 7 0 v ol LA A

TRGIER T i — 2 S sk iR 2R S5 R = 1,
L) s A AR TR 288t 25 B ZE A AL R 4 F I FLIE , 52
WAL M. LSS ETAT LUE 1597 em ™' il
1393 em " &b (WA Bt A s I AR HEA T AN T 3 5 3
RS RORE IR 22 5, R IR — 25 TR 4
PR RN T B 2R BG4 R 2R H R R 36, BT LA A &5
T A R I AN W R AR R R AR IR R O A
WERASBE B A /N TR AN CO, MR 7] 2R 1T
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AT
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Fig.7 The FTIR spectrum of the toluene degradation over Al, O; by

plasma
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0. 5 COH Ti N 25 i Pk s BT 1453 em ™' FRIR
HR COO A 5 X5t ik A 40 11X ik Aot 4 06 7 43 % &8
1601 em ™' 1 1395 em ™', 1500 em ™' h A Y
C =CAR4s , 1 F A b 700 2 1h AR SR AT % B R iR
B A B M 2 CH R 2R B & 1418 em ™!
(Vlachos et al. ,2006) , 1 F 1735 cm ™' B9 18 F1 A5 B
iz C =0 {45 (Liu et al. ,2012) LA J% 1689 cm ™' F
1676 cm " AR I % 105 B i BRI € =0 fif
45 W+ 43 1059, 1206 em ™' F 1171 em ' FEH Y
C—O—CP 4T BT REAR , d BH £ 2% 5 19 4 6 771
AR B PR 2 A s BB AR, 1652 em ™' (1560
em ™' 1021 em ™" ZE AL BT B I 9 R AIE I 1A 06
(Das et al. ,2011; Suneetha et al. ,2012) , Ui HA i H,
o A ) 2 T A B T R 2R 1 i .
MIE AL 5 NiO A< B 1 & 43 B, Ni** RRER 1Y
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Fig8 The FTIR spectrum of the toluene degradation over NiO/Al,

05 by plasma

3" HLIE 25 R LA R SR L (Tsay et al.
2012) FIE WL FHE I ( Giraudet et al. ,2011) 325 T
AL O, B HLH B, 25 B TG MRV AN | B A0 LA S
BRI 2T A0 1) 45 SR T LAHE T, 76 55 B8 T 1R v, Nio/
AL O A% AL O, HA HE SR 2R I FIH 3 C—H S
RRERIRG S 1) SR S840 i RE 1, TR L BB 8 7 0 R v g
FL RIS A 4T F B 3 1 C—H 8, fff 2R 4%
PR AL R 28 F R 2R R R 42 2 T T A A Ak i
IINGYF TR AR AR 551 2% T B8 B, 9T LA AR A (] 1 5 R
B[]S, A Ak 75 2 18 VA ok 2 0 2R B R AR 3R, 154K
PRAE BRI 1 SN T

3.5 MmALE

R AR S5 B IR AL i B A J= 230 3 by
I, RISy BE HL i 25 A B A RN TS M R
i (Kohno et al. ,1998) , 25 [ I (936 PE ) #4035
FHAEH T H- (OH- DARC LBl R4 O, 70 fiff AE 1 1Y
TEPEO- Y H R T 1 & S M A 52 B S BE L T e
FIH- OH- ByXC i, H 36 1A C—H B4 e Fe /)N
(Huang et al. ,2011) , K1 55 25 5 $CAT W 22 ol ik
F R SR G IR 3 S N s AR gkl & AR O . Dk
— AR R ; @ 5 /N T TRIY iR B
TP I e AL R CO, FIl H, 0. o254 /b 443
F BT 2R IR RN 3 A 72 1 C—C g, T A B
M3k 3L [ L, B E JEIFR RE A Ak
SUHEERA .

TP G5 S 045 B8 1A J5t o 21 40 19 15 1 53 Bt
GEAEATLUE H HORATE S5 B R 3 b i B ik A2 1
SR PRL AR A [ 1 A2 A 25 5. BRI gk i 42
WA 9 JE7R « ARG A A 5T s A4 R X B 2R A

'} . 77T G CHIOH TCHO GO0,
O O e
NO, s LO=0%Q:
he et |
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Fig.9  Mechanism diagram of toluene degradation by plasma with

different catalysts

BRS8N Si0, ) , B R I R i 32 A RS P ik
17, B A B P A A S B, (R RS
AR EA) A L B 502 52 i S R DX 3 1) B0 P AR 1Y
P 0 Y i R OR AR AR AR R Y
W R85 (G AL O, F1 NiO/ AL O, ), JU) FF 4 S 7 At
351 2 18 R O 3% b sl AR A A BOAR B Fl B R R
fit PR PSSR A O, B0 H - i I AR R Y
T I I B O i — 20 484k, B A B3 S 4TS ZE S AR
SEIL, B #BAr O S kA AR AR 2R T

4 #5i8 (Conclusions)

1) FEAE B R IX AR N Sio, (AL O, \NiO/Al, O,
SRR, 25845 B T AL 2 BRI B3 2R
RO, 25 R AT 8 A H 0 S FE R A T A
PR DL R RS 53 ik e 0 i 4 e AR A B T R AE A
TR R A

2) BB TR, T R A A 70 3% T 17 W
Xof LA AR A o FE LAY S . 7R JICH X sk o
A Si0, J5 , F R 9 B A ATS SR A AR Hh 58 B 5 T A7 7R
AL 0, 52 NiO/ Al Oy I, FY RS0 0 FHY IR 1 o 7 2
SRR FR 0T, [ A 2R R R H R R 4 A
g Ry e ] 7= 4, 2 FE R A A AR R b ) R R e L Ji

REEEEN TRE, B AR A LA R AEEFET
RERGSRBFREA KK (ZHTE), ZTEZHFE T RN
KAHFEMFELGFLEH TREAAVAERR EERA
ShFI4 B R R X100 28,33 FREFFE 20 2. E-
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