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Fig. 1 Benzene hydrogenation experiment

device by plasma
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Fig. 2 Effect of discharge voltage on reaction
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Fig.3 Effect of residence time on reaction
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Fig.4 Effect of feed gas ratio on reaction
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Tab.3 The influence of reactor type on reaction %

R 7 2% i F Ry Bk HEk
RS 96 31.2 67.2 0.6
W - R 93 29.6 68.9 1.5

3.4 FREFh SN X R AR

FAFR b, B R 2R 091675
HBRNFA HHTTR, B H &8 NiZALO, #4 7
EEEFERIMERR S, BB BT 0_ANE,
MAZR CuJi, AT MH Z R P EH B F R, i Co
B, W SR EIR TR A R BAS X R R 8
W AR ,ALO, KE ke, KRR Si0, 8
KRS E.H ALO, B S ik G iid
W, EANFRYBL, HEBEMEARARELBT Y
$i0,.

R4 FREKBME R KR KEE

Tab.4 The influence of catalysts on reaction %

1k 3 ¥R FHRY Fok Kok
T A AL 78 32.8 57.7 6.4
Si0, 64 3.6 647 2.7
Ni/SiO, 84 26.0  69.5 1.5
Ni-Cu/Si0, 88 3.4 744 2.2
Ni-Co/Si0, 92 50.1 483 0.7
Al,0, 85 35.8  62.0 2.2
Ni/ALO, 93 29.1 68.4 2.5

3.3 fEANMRE

X H & B Nu/Sio, A4k Al 4 7 ik ik
B B Ni/Sio, BEL I a9 R | FLA2 FLIERFH
FATHRIE EREFRESTERT,HA-H, %
B TR B Ni/SiO, fEALTN , Homk B4, bk
RSP SRR A AT o, Ni/Sio, bR B R4t
HHTH 13.72 m*/g | F 19. 08 m*/g, T
A 76.81 x 10 P em’/g 2 F) 107.7 x 10 *em’/g,
ML EA ERA AL, KB R 11.2 nm. [§
B, MRS T A& Ni/Sio, 484k E B
JE R REFFE. 4R ZH B UEEA N6
5, REFACRE R 8 nm #24 , Ni 7E5PE I A JR
BOHBGKRE) 32% .

4 Hik

(DBLXRHREEXBENEGHT, SR
THEMER R HEAM RN, BOBBIE 14 kV,

3 10 kHz, fZ B AT[E] 12 s, B VoV, =
2/1.

(2) B W % Ni/Sio,  Ni/ALO, % i {k
F,ESBFRRAREALFLEE BTEET
BRSNS R, K R R EE
M EELFIB Y 78% R F B 90% LA |, BER=9
HOREMIE T B BBEA X 70% DL L FH AT H
BEAT T RAE, KB AR E A5, RHHE R
R LRSS MR G B ERE.

P d ¥

[1] FARXRINER . EH.% KRESEFEEREHR
R GIMAIRL A [T]. fe2E it & ,2002,14(6) :456 -
461.

[2] ROY M, BEECH P, SHAWCROSS J T. Low tempera-
ture plasma assisted catalytic reduction of NO_ in simu-
lated marine diesel exhaust]J]. Plasma Chem Plasma
Process, 2008,(28):159 -171.

(3] Bk, RBR MM, E HENNFHERES
BTREEARTEAEHRII]. b Ta e
A& ,2009, 28(3): 73 -76.

(4] WL MBE IHE % HANESEFAE
BAMHERFENR[I] BEERIFEER,
2005,26(3) :527 —530.

(5] & SETFE_HBBANIID]. R k%dk
T % B ,2006.

[6] CHUN The Li,Renbo Yang, Minliang Shih. Reaction
mechanism of 1, 2-dichloroethane/0,/Ar in the cold
plasma environment [ J]. Chemical Engineering Jour-
nal, 2003(92):177 - 184,

[7] RABA.BE.HWRE BEEZTERE S Lk
) TO, ZERPE[T]. LR ET k¥ ,2008,36
(11) .27 -33,

[8] ROLAND U,HOLZER F,KOPINKE F D. Improved ox-
idation of air pollutants in a non-thermal plasmal J].
Catalysis Today, 2002,73.315 - 323.

(9] ZHOU Cai-rong, SEKIGUCHI H. Study on using plas-
ma for benzene hydrogenation reaction process at at-
mospheric pressure [ 1. ¥5 M K % % #t 78 % i,
2009,41(3) :15 - 20.

[10] %2 oA % 3 F 4 15 AL U 38 46 R 00 M 45
TSI D). PR R F R G ,2004,

[11] X%HK,. P8, BRE, % S5 HE0E®maam
EHACHBEATNRAET]. AL %H,2001,22
(6):559 -562.



120 MM REZEHR(T %K) 2012 4

Study on Benzene Hydrogenation Reaction Process by DBD
Plasma at Atmospheric Pressure

ZHOU Cai-rong, YU Xin,YANG Yong-gao, WANG Hai-feng

(School of Chemical Engineering and Energy, Zhengzhou University, Zhengzhou 450001, China)

Abstract: DBD( Dielectric Barrier Discharge ) plasma was used to study the hydrogenation reaction of benzene
by the CTP —2000K plasma power supply at atmospheric pressure. The discharge voltage, residence time and
proportion of gas material were changed respectively to establish the optimized conditions. The optimized con-
ditons were found to be discharge voltagel4 kV, residence time 12s, gas ratio of V,,/V, =2:1. The effect of
plasma ~ catalytic synergy on the raction was investigated. Compared with the result of non — existent catalyst,
the percent conversion of benzene increased from 78% to greater than 90% , and the selectivity of cyclohexane
could reach 70% . The prepared catalyst was characterized by BHJ and EMS , respectively. The results indi-
cate that the catalyst handled by plasma, the specific surface area increased from 13.72 m* + g~ ' to 19. 08 m’

', and the hole volume increased from 76.81 x 10 *cm’® + g ™' to 107.7 x 10 *cm® - g™', respectively.

- g -
SEM analysis shows the the surface grain size distribution on Ni/Si0O2 catalyst is uniform for 8 nm, the action
element Ni of catalyst is up to 32% at outside surface

Key words:plasma; dielectric barrier discharge ; hydrogenation ; benzene



