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Abgract : Two mgjor greenhouse gases, methane and carbon dioxide , were converted to syngas and hydrocar-
bons over zenlite catays a low temperature and atnospheric pressure in a high power dielectric barrier dis
charge reactor. Go-generation of syngas and hydrocarbons was dermondrated in such a reactor. Parameters in-
vedigated in this gudy included flow rate of the feed gas, the input power and the nolar ratio of CH, to GO,
in the feed.

Reaults indicated that low flow rate favored the converson of CH, and GO, while high flow rate led to the
production of hydrocarbons Increasng the input power resulted in high converdon of methane and carbon
dioxide and high productivity of syngas and hydrocarbons The ratio of CH,/ QO in the feed gas had the nogt
sgnificant efect on the ratio o H,/ QO in syngas The highest converdon of CH, and GO, was 64 % and
39 %, regectively , a a nolar ratio of CHy/ GO, of 1/ 1, atota flow rate of 200 ml/ min and an input power
o 500 W. Sproduced syngas showed an arbitrary composition (H,/ QO ratio) with nolar ratio of Hy/ GO var-
ied in the range from 0. 7 to 3. 1.
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Intr oduction

Both of methane and carbon dioxide are
greenhouse gases (ontinued excessve emissons
of methane and carbon dioxide to the atnmophere
may lead to the increase in the average gobal
temperature. The emissons A result in a wage
of natura carbon reurces In addition, methane
is the mgor component of natural gas, which is
suggeded as an inmportant energy resource in the
coming 21 century. Gonverting greenhouse gases
to syngas, hydrocarbons, metharol and other use-
ful chemicals has been a subject of therefare in-
vedigation. Egeciadly , amultaneous utilization of
methane and carbon dioxide is under active sudy.

Received date : 2000-08-28

S far, many dudies for the synthess of syngas
from methane and carbon dioxide have been con-
ducted.

The gpplication of plasma technique in
chemica syntheds has attracted much attention
regarding the fective activation of methane and
carbon dioxide. Syngas production from mixtures
of methane and carbon dioxide has been success:
fully conducted in a dielectric barrier discharge
(DBD) reactor' and a gecid QidArc dis
charge!? . Synthess of metharol from carbon
dioxide hydrogenation usng a dlent discharge was
reported by Hiason et d.[*"1. Ther realts
showed that the tenperature range of the maximum
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cataytic activity was shifted from 220  to 100
in the smultaneous presence of catalys and gas
discharge. Recently , in the processof syngas pro-
duction , hydrocarbons was formed in the same re-
actor!® . Further investigation was performed by
Hiason et d.!°!. Co-generation of syngas and
higher hydrocarbons was achieved ugng NaX zeo-
lite as catdys in a DBD reactor. In another
dudy, converson of methane in a corona dis
charge was carried out. The products contained G,
hydrocarbons, trace G; hydrocarbons and syngas

In this pgper , smultaneous synthedsof syn-
gas and hydrocarbons from methane and carbon
dioxide over zeolite A prormoted by DBD isinvedi-
gated a low tenperature and atnmopheric pres
aure.

1 Experimental

The experimental setup is schemeticaly il-
ludrated in FHgure 1. The reactor gpplied here is
a cylindrical didectric barrier discharge reactor ,
which is congged of an outer ged tube of 54 nm
i.d. , aningerted quartz tube of 52 mmo. d. and
a metdlic brush. The metdlic brush presses a
metal foil againg the inner surface of the quartz
tube and serves as the HV eectrode. The outer
ded tube serves as the ground electrode. An an-
nular discharge ggp of 1 mm width and 310 mm
length isformed , in which the discharge is main-
tained. A high wltage generator (Arocotec corona
generator CG 20) working at about 30 kHz is g~
plied to feed 50 W to 1000 W into the discharge
reactor. The power supplied is measured by elec
tronically integrating the product of woltage and
current. An o<cillosope (LeCroy Modd LC
334A) is used to record the woltage- Lissgjous di-
agrams.  In addition, the temperature of the
ground electrode can be adjuged by a closed loop
o re-circulating oil from a thernodat in the range
of ambient temperature to 400

feed

MFC :
T
steel tube o x I3
(23
quartz tube > 2—
----------- [} 5
o
discharge gap ~#> -
¥,
i
HV electrode oD
cold trap

Hgure 1 orfiguration of DBD reactor and experimenta setup

The feed gas (CH4 and OO;) is introduced
into the reactor via mass flow controllers.  The
product sream is then introduced into an orrline
gas chromatogrgph through a heated line to awid
possble condensation. The GC gpplied in this ex-
periment isaMTI (Microsensor Techrology Inc.
M200H) dua-module micro GQC. A PRorgplot Q
ocolumn (8 mx 0.32 mmi.d.) and a nolecular
deve 5 A Fot column (10 mx 0.32 mMm i.d.)
are used to detect the exhaud gaseswith a thermal
conductivity detector (TCD). The Porgplot Q col-
umn can sparate GO, , CH;OH , H,O and hydro-
carbons and the nolecular seve 5 A Hot column
can nonitor H, , O, , N, , CH; and CO. In order
to edablish a mass balance of C, H and O de-
ments, nitrogen is chosen as a rderence gas,
which is added to the product sream at the exit of
the reactor.

2 Resultsand discussion

2.1 Hfect o feed flow rate  Bxperiments
were conducted by varying the total flow rate of
the feed while keeping a condant nolar ratio of
CHy/ O, of /1, a pressure of 1 bar, an input
power of 500 W and a congant wall temperature of
150 .
Faure 2ailludrates the dfect of flow rate on
the converson of CH, and CO, over zedlite A us
ing DBD. It can be seen that increasng the flow
rate reduces the converson of CH,; and GO, quick-
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Fgure 2 Hfect of flow rate on experimenta results

ly intherangeof 200 600 ml/ min. The efect of
flow rate on product yields is showed in FHgure
2b. Increasng the flow rate results in a decrease
in QO and H, yidds in the beginning. The yield
o G G hydrocarbons does ot change sgnifi-
cantly with the increasng flow rate. From results
in Hgure 2c one can see variation of flow rate
does ot dfect the ratio of Hy/ GO remarkably.

H,/ QO ratio only changes from 0.67 to 0.80 in

the range of flow rate 200 600 ml/ min. The &-
fect of flow rate on sectivity isliged in Table 1.
The product obtained in the cataytic DBD conver-
gond CH; and GO, conddsdf GO, Hy and G

C, hydrocarbons. It isintereging to note that mogt
o the product is syngas (CO and H,) . The sec-
ond abundant product ethane. One can see that

high flow rate favors the production of hydrocar-
bons.

Table 1 Hfect o flow rate on sdectivity
(Pressure, 1 bar; wal tenperaure, 150 ; catalyd amount , 4 g; CHy/ QO ratio infeed , 1/ 1;

input power , 500 W)

How rate SHectivity S/ %
a/m-min’ @ He Gh CHs Gshs o CHsOH H.0
200 46. 65 3114 0.23 5.16 1.84 5.62 0.18 9.17
400 43.09 32.04 0.36 7.01 2.28 6.29 0.24 8.69
500 41.11 33.03 0.42 8.29 2.31 5.87 0.27 8. 69
600 42.41 29. 61 0.58 9.47 2.44 5.95 0.30 9.35

2.2 Hfect o input power

Input power isone

of the important parameters in the DBD converson
of CH; and CGO,. BExperiments were performed in
the range of input power 100 W 500 W to get a
better underganding of the efect of input power
on the convergon of CH, and GO, over zeolite A

in the DBD reactor. Other conditionsaf the exper-
iments are a pressure of 1 bar , atota flow rate of
200 m/ min, a nolar ratio of CH,/ GO, of 1/1
and awall tenperature of 150

Fgure 3 and Table 2 show the dfect of input
power on the experimenta resultsover zeolite A in
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the range of 100 W 500 W. Hgure 3a indicates
that the conversdon of CH, and GO, increases with
increas ng input power. This can be explained that
there might be nore active gecies generated at
higher input power. Therdore, the yiedd of CO,
H, and hydrocarbons a 9 increaseswith increasng
input power (see Fgure 3b). From the resultsin
Fgure 3c, nolar ratio of Hy/ QO in syngas quickly
decreases with the increasng input power. Higher
input power favors the production of syngas with

low Hy/ QO ratio. The H,/ QO ratio of syngas can
vary in the range 0.6 1.55. Table 2 dows an
increasng sectivity to G and C; hydrocarbons
and a decreasng slectivity to G, hydrocarbon with
increasng input power. This suggeds that the in-
creased input power degroys the light hydrocarbon
and then oconverts them to higher hydrocarbons.
Higher input power is required to produce nore Cs
and C; hydrocarbons.
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FHgure 3 Hfect of input power on experimenta results

Table2 Hfect of input power on sectivity
(Pressure, 1 bar; wal tenperaure, 150 ; catalys anount , 4 g; CHy/ OO, ratio infeed , 1/1;
feed flow rate, 200 m/ min)

Power SHectivity S/ %

/| W (e0) H, GHy GHs GHs G CH;OH HO
100 33.16 52.67 0.89 10. 65 1.47 3.76 0.00 0.86
200 36.12 37.32 0.45 10. 10 2.09 4.37 0.31 9.23
300 41.43 33.84 0.35 7.76 2.16 5.51 0.27 8.67
400 46.91 28.43 0.30 6.65 2.18 6.17 0.24 9.12
500 46. 65 31.14 0.23 5.16 1.84 5. 62 0.18 9.17

2.3 Hfect of molar ratio of CHs/ CO, The 3/1. The totd flow rate was maintained at 200

efect of feed compodtion was sudied by varying
the nolar ratio of CHs/ GO, inthe rangeof 1/ 1

ml/ min, input power at 500 W, wall tenperature
a 150 and pressure a 1 bar.
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Fgure 4 and Table 3 show the dfect of CH,4/
QO ratio on the converson of CH, and GO, over
zeolite A in the DBD reactor. It isclear from Hg-
ure 4a that the converson of both CH, and QO
decreae dowmy with the increase of nolar ratio of
CH,/ QO,. High converdon can be obtained at low
nolar ratio of CHs/ GQ0,. The converson of CHy
and OO, is 64 % and 39 % a a nolar ratio of
CHs/ QO, of 1/ 1, regectively. FHgure 4b indi-
cates that the yidd of H, and G, G, hydrocar-
bons incseases with the increasng nolar ratio of

CH,/ QO,. Acoording to FHgure 4c, the nolar rac
tio of CHy/ GO, has a dgnificant efect on the mo-
lar ratio of Hy/ GO. The nolar ratio of Hy/ QO in-
creases rgpidly from 0.7 to 3.1 when the nolar
ratio of CHs/ GO, in the feed increasesfroml/ 1 to
3/1. The conpodtion of syngas can be adjused
by changing the nmolar ratio of CH,/ GO, in the
feed From the results in Table 3, one can se
that high molar ratio of CHs/ QO;, results in high
slectivity to hydrocarbons.
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Fgure 4 Hfect of nolar ratio of CHi/ GO, on experimenta results
Table3 Hfect o mdar ratio o CHy/ CO, on Hectivity
(Pressure, 1 bar; wal temperature, 150 ; catdyd anount , 4 g; input power , 500 W;
feed flow rate, 200 m/ min)
Re SHectivity Syo/ %
io
(60) Hp GH, GHs GHs G CH;OH H,O
U1 46. 65 31.14 0.23 5.16 1.84 5.62 0.18 9.17
2/1 26.91 52. 60 0.36 4.51 2.32 7.67 0.13 5.50
31 19. 49 60. 62 0.44 4.32 2.51 8.35 0.11 4.17

3 Conclusions

The converson of CH, and GO, to syngas and
hydrocarbons was experimentally invedigated over

zeolite A in a didectric barrier discharge reactor
a low temperature and atnmopheric pressure. It is
denondrated that co-generation of syngas and hy-
drocarbons can be redized by usng dielectric bar-
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rier discharge pronoted catalyss High converson How rate of thefeed , nolar ratio of CH,/ GO, and
of CH, and GO, can be achieved. Syngas conpos- the input power has dgnificant fect on the plas
tion mainly depends on the ratio of CH4/ CO,. ma convergon of CH, and COs.

Rererences

(1]

(2]

(3]

(4]

(5]

[6]

[7]

(8]

(9]

Hibert C, Motret O, Pdlerin S |, et d. Sectrosopic characterization of CH, + GO, plasma excited by a didlectric
barrier discharge a atnopheric pressure[J]. Plasma Chem and Plasma Process, 1997, 17(4) : 393-407.
Lesueur H, Czernichowski A , Chapelle J. Hectrically assged partia oxidation of methane [J]. Hydrogen Ener-
gy, 1994, 19: 139-144.

Hiason B, 9non F G, EJi W. Hydrogenation of GO, in a dlent discharge [A]. Penetrante B M and Schulthel's
SE NATO ASl Sries, V. G34, Pat B, Norrthermal plasma techniques for pollution control [ C]. Berlin:
Soringer-Verlag, 1993. 321-337.

Hiason B, Kogdschaiz U, Killer E |, et d. Hydrogenation of carbon dioxide and oxidation of methane in an dec
tric discharge [A]. Proc of 11th World Hydrogen Energy Gorf. (Hydrogen’ 96) [C]. Germany: Suttgart , 1996,
3: 2449-2459.

Bill A, Hiason B, Kogdschatz U , et d. Gomparion of GO, hydrogenation in a catalytic reactor and in a didec
tric-barrier discharge [J]. Stud Surface Sci Catal , 1998, 114: 541-544.

Bill A, Wokaun A , Hiason B , et d. QGeenhouse Gas Chemigtry [J]. Energy Convers Mgmt, 1997, 38 (Sup-
pl) : 415 HA22.

Hiason B, Kogeschatz U, Xue B , e a. Hydrogenation of carbon dioxide to methanol with discharge activated
catays [J]. Ind Eng Chem Res, 1998, 37: 3350-3357.

ZhoulL M, Xue B, Kogedschatz U , et a. Norrequilibrium plasma reforming of greenhouse gases to synthes s gas
[J]. Erergy & Fues, 1998, 12(6) : 1191-1199.

Hiason B, Liu CJ, Kogd schatz U. Direct converson of methane and carbon dioxide to higher hydrocarbons usng
catalytic didectric-barrier discharges with zeolites [J]. Ind Eng Chem Res, 2000, 39(5) : 1221-1227.

' ' ' ', ! B. Hiasor®, U. Kogel schat??
(1. , 300072; 2. ABB Qorporate Research Ltd. , 5405 Baden, Switzerland)
A
200 600 ml/ min
/1 31 100 500 W
H,/ QO
200 m/ min 1 500W
64% 39% Hy/ QO , H,/ QO

0.7 3.1

1 0646. 9 A

(1964) ,

© 1995-2004 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



