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ABSTRACT

Development of a Plasmatron Device for Reducing
Carbon Dioxide

Seung Ho Kim

Advisor @ Prof. Young Nam Chun, Ph.D.

Oepar tment of Enviromment Biological engineering,
Graduate School of Chosun University

The rapid exhaustion of fossil fuel reserves and the adverse effects of
climate change caused by increasing global energy demands have attracted great
attention and pose serious threats to humankind. Carbon dioxide is known to be
a major green house gas that causes global climate changes, and is a main
object of treatment because it accounts for about 80 percent of all green house
gas emissions. This danger to our world is why research towards new and
innovative ways of controlling CO. emissions from these large sources is
necessary.

As of now, research is focused on two primary methods of CO, reduction from
condensed CO; emission sources(like fossil fuel power plants) : Carbon Capture
and Sequestration(CCS) and Carbon Capture and Utilization(CCU). CCS is the
process of collecting CO2 using absorbers or chemicals, extracting the gas from
those absorbers and finally pumping the gas into reservoirs. CCU on the other
hand, is the process of reacting CO. to form value added chemicals, which can
then be recycled or stored chemically.

This work focuses on the efficacy of plasmas for CCU, specifically gliding
arc plasma and polymeric membrane for the dissociation of CO; into its constituent
parts in the hopes of converting it into value added chemicals.

Polysulfone hollow fiber membrane was used to recover CO. which is one of
greenhouse gases from flue gas stream being emitted after the combustion of
fossil fuels.

_|X_
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The prerequisite requirement is to design the membrane process producing
high-purity CO> from flue gas. For separation of C0O2, a membrane module and flue
gas containing 10% CO. was used. The effects of operating conditions such as
pressure, temperature, feed gas composition and multi-stage membrane on
separation performance were examined at various stage cuts. Higher operating
pressure and temperature increased CO. concentration and recovery ratio in
permeate. Recovery and separation efficiency increased if a higher content of
C0z2 injection gas composition. Three-stage membrane system was producing a 95%
CO2 with 90% recovery from flue gas. Three stage systems, one stage than the
separation efficiency was improved.

This study has developed the numerical model for optimization design of
gliding arc plasma reactor, and applied for the investigation of flow field and
electric characteristics in reactor. Parametric screening studies were
conducted, in which there are the variations of electrode shape, electrode
length, and flow rate of reactant gas. Therefore designed the gliding arc
plasma reactor by predictive results.

The gliding arc plasma reactor, applying the non-thermal plasma, was designed
in this study maintained a very stable discharge state without spark generation
within the reactor while decomposing carbon dioxide. To investigate the carbon
dioxide decomposition characteristics, parametric screening studies were
conducted, in which there are the variations of the pure CO> flow rate, the
addition of methane and/or steam reforming additives, the electrode geometry,
and the electrode length.

The maximum CO. decomposition rate was 6.1% when pure CO. was supplied, 24.5%
when CH; was injected as a reforming additive, and 27.6% when CHs and steam were
injected together, which showed the highest C0> decomposition. CO. decomposition
rate was the highest in the electrode length 120 mm and the electrode geometry
Arc 1. To increase the decomposition rate of C02 using the single—phase
direct-current gliding arc plasma reactor, it is necessary to develop other
plasma devices.

The 3-phase gliding arc plasma that was used in this study is known to have
higher energy decomposition efficiency(EDE) and a lower manufacturing cost,
with its 3-phase power supply, than the single-phase direct—-current gliding arc
plasma.
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The 3-phase AC gliding arc plasmatron was designed to decompose carbon
dioxide and product hydrogen-rich gas. The changes in the amount of C0O: feed
rate, CHs/CO: ratio, gas injection velocity of the center nozzle, the total gas
flow rate, input power, orifice baffle configuration, and the parameter
according to catalysts or not were studied.

The maximum CO. decomposition rate was 7.9 % when pure CO. was supplied. When
the CH4/C0z ratio was 1.29, CO. decomposition rate and CHs conversion rate were
37.0%, 47.0% respectively, the concentrations of syngas were Hy 17.0% and CO
24.5%. At the nozzle injection speed of 82.9 m/s, the C0; decomposition rate
and CHs conversion rate were 39.0%, 49.0%, and 0.0038 L/minW. The decomposition
rate of carbon dioxide decreased from 37.0% to 33.6%, when the total gas flow
rate increased. (0. decomposition and CHs conversion were influenced
significantly by input power. Decomposition of carbon dioxide and conversion of
methane rate on the NiO/Al.0s catalytic process were 48.6 %, 56.5% respectively.
For the orifice, Type 1, with a small internal area, showed the greatest
efficiency because it could gather the unreacted gases to the center of the
discharge area.

The COz recycling system should be effectively used to reduce CO. emissions of
the fossil fuel combustion systems under the condition that there are no
problems with the capacity of the plasmatron and the economically supplement of
electric power energy. For the case of the thermal power, the plasmatron
contributes to solving the greenhouse gas problem.

_Xl_
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Table 2-1. Carbon dioxide and nitrogen gas permeability data for Polymeric

membranes
Polysul fone(PSf) 4.9 0.2 24.5
Polyimide(PI) 2.0 0.063 31.7
Polycarbonate(PC) 6.8 0.32 21.0
Polyacetylene 560 43.0 13.0
Polyarylate 24.2 1.2 20.2
Poly(ethylene oxide) 40.0 0.99 40.0
Poly(phenylene oxide) 39.9 1.5 26.6
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S0 oI 02 22 =2cloted sUESZ 0|20, MSe0lE =22l
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FEU A =ZEHYR MO, =2 AIEEHE=E 22%Ee ZSM-5, Y
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012t &0l PAP,iIt El= MelEE ZBHZ ot PSP E &2t otH, 2 gt
HE 2deletn st 2deler 2&ele 222 JIMe 58, 8A 2%, ot
Ue 2 Iy S0l 25t CtEX2H, e OS Bg. (7)) 22 =XE =0
otdMel O™ oz, <10
2B INH ¢ @, > 1074 o (7)
Table 2-20l & SctX20t2 MX L& & MX 2592 HHHQ =XIE LEt
LHRACHEY, D 013 2AS MeIGtD ZetX0ts =2 @2l X0l &80t
AAAHON =Moot 291, TUE B JitA WHle O0last s 8K 2 01=20]
ZMEtCH, Aol 28t dIIES Jtoll =8 0l2 £ Nx &K= 1D HUXIZ Ot
ZCH OE 4 MU X0 S=otAHl &0, ol =4 AL 2Xel 202
AL O = UK 2o MHEIW dAUE MHoHAH Zi=00 Olefst UHES
Olzstet ettt Ol=2steE 2 & ol2e &IIE0 2o IIHSEH AfEe=z =
o =S4 =XN=U S=ofl 0|=2 0l2sAAH EIE WE= Z2E0F &0 &
gotA = L.
Table 2-2. Several kinds of electron density and temperature
Kinds of plasma ne(EA/cr) Te(* C)
Weak electrolytic dissociation gas 10 ~ 10" 10"
Strong electrolytic dissociation gas 10" ~ 10° 10°
Flayer of ionosphere 10" 10°°
Electron in metal 10% ~ 10 10°°
Universe space 1 ~ 10° 10"
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2.2.2 A0t 27/

EctX0ls 02 & XS 250 et AH & SRE 28 = AL, HA
N2 EZ2tX0H(thermal plasma)e 0IR3IF =10 ASIMNOZ HEAMEHN UA2H
Ol2 ¥ &Xe 2%Jt == S0l TEettt. SSet200A F2al Selde2
Hogl gEEZE 20lsle AHE otLll, ol2ut 242 HE(local thermal
equilibrium)&EHSl EctX0t, = A MO SEEHAENIL OILINE, 22 7
F0| St 2= = U= SctE0tE Lt

Ct2 stles olest MEIt 26| 01016t2(012 5% @ 10° ~ 10°) A QAS
O] sl oz HIEMHE OIRD UK LM, BRESZ 25t 4280 &
2t =2 M2 Zct=0Hnon-thermal plasma)OlCt.

Zotx0te MXLEQ 250 o/ft 2RE Table 2-30 LIEFLHRACFS,

Table 2-3. Plasma characteristics according to different plasma

Classification Thermal plasma Non-thermal plasma
Electron (Eiaensity 5x 10" 10 ~ 10"
ne(cm™)
Electron temperature 5 _
T.(eV) 3x10 0.5~7
Gas temperature 3 2
T,(eV) 10 3x10 1
Pressure ) 10 ~ 10 (Glow)
10 ~ 10 3
P(torr) 10 ~ 10° (Corona)
Ne=Ni Ne) Ni
Note To=T, T T,
— 19 —
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HZO + e_ — OH H + 2e_ ......................................................................................... (20)
HZO + e_ — 2H + O + e_ ............................................................................................... (2‘])
- 230 HE we

CH4 + HQO <« G0 + 3H2 AH = +206 kJ/mo [ ( 22)
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CO M= MEE JtASl C0Q 20l CHE MAIA = 002 222 Eq. (28)
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3.1.3 &l& gt
SEIIA 22l AME2 A HIDIJEA ZAQR! C0/N2(10 vol.% @ 90 vol.%) &t
NAE AIBRCH, Ol &=, 2%, FAUIMNA XM, S HIY OE Sz
MdE2FEO &, 2 S2 22l Hs=S ZEGI/UL. 2 dRe 2™ XAHE2
Table 3—-10l LIELRUCH
Table 3-1. Experimental conditions for mixture gas separation
Exper imental conditions
Feed pressure 2, 3, 4, 5 kgi/cm
Permeate pressure 1, 0.4 kgs/on
Operating temperature 20, 40 ¢C
Membrane stage st ond 3
Flue gas composition
CO2 10, 26 vol.%
N2 90, 74 vol.%
2elaol As=2 "Hoitoldl ol AFEE AHIOIXI 2 (stage cut), =clH =
(separation factor)@t 3l2=Z(recovery ratio)2 Egs. (30)~(32)2F &20| HO&t
Ct.
AHOIX H2 SEIIA 22l Al 22l 852 Z28ole S8t AINAEMNM SR
2 222 HE Lot Eg. (30)1F &0 LIEFHCE
Permeate side flowrate (¢/min)
St t= - R PRREEE
ase a Feed side flowrate (¢//min) (30)
s &3 JIM s=9 HIE 2ol Eg. (31)1F 20|

== 8 JH sk

LIEHHCE.

. [COQ]/[NQ]permeate
Separatl on faCtOf — [COQ]/ [NQ] Ly
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[flow rate < CO, conc. |

s §
=

=
S

OF L= 2t2=F Eq. (32)2 20| LIEFHCY.
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SCLOO  weeeeereeeennesnesnennennnnens (32)

[flowrate X< CO,conc.] g
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3.2.1 S2dI|H EUE
SHAIIM EUE= RHIHZIHZ AISoIH SHOIF2H, Table 3-20 22|l =
SSAES H2IIH EUEE UHEHHRULCEH. COo, No EXUE= 242F 113.1, 3.0 GPU
Z LIES2en EI’.}&&'E(%WN )= 37.7 OIALt. Ol= Powell S0l Z2|&=E
SPIATIEXO C0./N, MENEIF 9~40 0|2tD 2Dt 209 dHi=siCtd. Zgla=
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Table 3-2. Gas permeation of polysulfone hollow fiber membrane
Membr ane Py, Pco, Peo,/Py,
LPM (L/min) 0.19 7.1
37.7
Permeance (GPU) 3.0 113.1
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Fig. 3-4. Effect of permeate pressure on membrane performance(feed pressure
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Table 3-3. Mixture gas separation performance of polysulfone hollow fiber

membrane by three-stage system

Pressure Y Y Stage | Recovery Y
Stage (kgy/crf) [CO2]eea(%) | [CO21p(%) cut ratio%) [CO21r(%)
1! 5.0 10 26 0.35 91 1.0
2" 5.0 26 70 0.29 79 10.4
3" 5.0 70 95 0.75 99 10.1
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Fig. 4-4. Photograph of gliding arc plasma discharge.
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V control i ]-:":-
C control switching, High rec |;r
voltage transfer circu
. V.C control
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|
Noise st Soft start - cireuit

Fig. 4-5. Flow diagram of power supply for the gliding arc plasma.

Fig. 4-6. Photograph of power supply for the gliding arc plasma.
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Fig. 4-7. Schematic of the experimental set up.
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4.2.2 &8 gy
=c40lY 0t3 ZctED0F BFSIIE 0188t OIMSE A 2ol 4 AEZ2 Table
4-29 20| =sHatACH
Case 12 == (0, SHEH HHES ol SSHHY HIE FO A== oA
Ct. Case 2= CO0l EIF JHEDJIA(CHy) = Hl OIS 2BoHEHES #Yot)|
Il CHy/CO. HI BS0 CHoH &lE=2 2sotQUCH. Case 32 CO0 HIEN +=ZD|
ZF=Qler Bl et EH4= HYot)| ol CHi/HO Bl HSH0 CHoH AE S £=8H5l
S Ch
Case 4, b= M= &t 20| HE0 [MHE OlAtSEA 2o S22 WEoIY
Ct. Fig. 4-81F Fig. 490 &= A&, &= 202 TASGHH LIEHWASH, At
el BE AEO ZcetX0F 8 ME2 0.5 ke LEHSHH DA AEHAMN &K
S ACH
MAIJIA MEZ2 JIA TZ2HEE (|26t JIAE EQ HIEZ 1 L/nineE &
=22 LHOIH RAXotH HAIIE HH =22 HAHst = E4J1J|2 2BUHEIC
A 282 GCE 0I=20tU 2 M, Molecular Sieve 5A capillary column(Model MS
5A, Varian, Netherland)OlM H,, CO, 0, N,, CHS =438t PoraPLOT Q
capillary column (Model PPQ, Varian, Netherland)2@2 C0., CoHs, CoHo, CoHs &
CHe= = 4&I0IALE.
Table 4-2. Conditions and ranges of the experiment parameters
Total
. COz CHs Hz0
Case Variables : : . gas Remarks
(L/min) | (L/min) | (L/min) (L/min)
- _ _ 5 €02 only
Case 1 CO2 supply 6~18 6~18 was supplied.
Case 2 | CHi/CO: ratio | 411 18 - 2 oo
Case 3 | CHs/H0 ratio 6 3~5.5 0.5~3 12 CHAQ%91§?tiO
Electrode shapes
Case 4 E'SehC;re?sde 6 3.8 2.2 12| (Triangle, Arcl, Arc2,
o Arc3)
Electrode Electrode length
Case 5 length 6 3.8 2.2 121 (80, 100, 120, 140 mm)
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Fig. 4-8. Each type of gliding arc plasma electrode shapes on experiment

condition.
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Fig. 4-9. Each type of gliding arc plasma electrode length on experiment

condition.

_62_

Collection @ chosun



il
B

oK

)
!

o &

Il =X

0/0

o]

4.3.1 =cl0lE ot3 Sctx0t

K
il

ok

X0
uir
o
Ok

m
0

CFD EAHZ=Z1

cd &t

. Fig 429 =¢ct

X0
ur
Ho
Ok

Ok

Jl e

010

oJ

F

=ctX0t

~
0l0
oJ

gl

o

iy
]I

5l
A

Fig. 4-10(a)2 =

(=}

2
=

=)

2 & H D

(gas downstream)
AHOI 2

SHZEE 2

et A

o3
<+

ol

or

Wy
I
jild

J)

0l

J

ol

io|

2

A=

180

33

9]

o
ol

_63_

Collection @ chosun



(a) Vector

Velocity (m/s) Streamline

(b) Velocity (c) Streamlines

Fig. 4-10. Velocity field in gliding arc plasma reactor.
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Temperature (K) Density (kg/m®)

(a) Temperature

Fig. 4-11. Gas temperature,

reactor.
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density and viscosity
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(c) Viscosity

in gliding arc plasma
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Electric conductivity (€/m) Electric field (V/m)

1.00 380
0.95 360
0.90 340
0.85 320
0.80 300
0.75 280
0.70 260
0.65 240
0.60 220
0.55 200
0.50 180
0.45 160
0.40 140
0.35 120
0.30 100
0.25 80
0.20 60
0.15 40
0.10 20
0.05 10
0.00
(a) Electric conductivity (b) Electric field

Fig. 4-12. Electric characteristics in gliding arc plasma reactor.
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HHMEI &S Model R(Arc 1) JIE2=Z GtO, Model A(Triangle), Model
B(Arc 2), Model C(Arc 3)& BIStAIA BISI| Uol R & MIIES S48 It<
ot HASH UMM SasS ZHGIUCH

Fig. 4-1301 ¢$& &H39 A0H e BSI W |5 XS LIEHHATH
Model A2l &< BISItADIL EctX0t IS MMz 1 S8 20Kl £

20 ¥=5H2Z S 20/ ULE. Model B2 C= BtSI12] 2ZctX0t 28
HAM Me=stddol EHEQUCEH. Model R2 Zct=0F YA UHELE 1
o d Ct &l

M 02 of
R 0z

0
S22 20|10 U0 JHAQ BH20| HAHEE A0 TOHEIC)

(a) Model R (b) Model A (C) Model B (d) Model C
Fig. 4-13. Comparison of flow field at Case R and Case 1.
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Fig. 4-142 && d=2 40 HE dIIES LIEtH A0ICH

o -/ o O o —
Model AQl 22 MAL= ZctX0te 2 Jt&E XL &0l 8
dEl= ANELZRYH &3 HENA &0l 2¢HEoH 4= S
Ck.

Model B2t Co HARE= &&HO
&0l 2I1Z= AIEOl 2= MACD= E2tX0te &
UJACH. Model R2 &IIH2 E

of ME0l 2rEE 2
SHEOR ANl B2AX0F YOl HAGHACH

Electric field (V/m)

380
360
340
320
300
280
260
240
220
200
I 180
160
140
120
100
80
60
40
20
10

Electric field (V/m)

Electric field (V/m)

(a) Model R (b) Model A (C) Model B (d) Model C

Fig. 4-14. Comparison of electric field at Case R and Case 1.
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(2) 39 2ol e F&

BIM M =29 20|S Model R(120 mm), Model D(80 mm), Model E(100 mm), Model

F(140 mm)2 HH3tAIH BEEIl Ul |88 ¥ MIIE2 E42 MASIH HFs ¢
Hd&E=2 20/E Z2EotALH.

Fig. 4-15= Z&&E=2 Z0I0 E BSIl Wl Rs 2XZE Itefst A0It
SACESUA 2AEE RE2 SLotX2 M= 2H0l HAIE = FA2HH
SN =E2 dHEI0 HEFF WHE RSEEE 20/0 AT oHXE SetE
OF G0 XA 72 2242 S8E=32] Z0I0l dldiotd 2EE= MO
gt 01&t

Velocity (m/s) Velocity (m/s)

Velocity (m/s)

(a) Model R (b) Model D (C) Model E (d) Model F

Fig. 4-15. Comparison of flow field at Case R and Case 2.
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Fig. 4-162 ZctX20t 838012 &IIMEEE LIEHH 210IC.

SHEE =01 120 mm@! Model RSl Z<IF 2+SJ] W HESH MI| MEEE 20|
0 ACH otA2 UEE=Z 140 mmE ZH & Model FQl 3= ™A =01 20
N &I MEEDE Bt 3D| GHHENMA a2 FH = 220 2E™ 0l SR
o2 = QUL HHEE=Z0] 80 mm@! Model D2t 100 mm@! Model E2| A= Zct
A0t BrEZYEU MI| MEEIF Lot HEIA0 SAH dAECH S22 3719
2/3 & H$HMAMI0| HEES & £ UL,

Electric conductivity (Q/m) Electric conductivity (Q/m) Electric conductivity (Q/m) Electric conductivity (Q/m)

1.00
0.95
0.90

0.85
0.80
0.75
0.70
0.65
0.60
0.55
0.50
045
0.40
0.35
0.30
025
0.20
0.15
0.10
0.05
0.00

(a) Model R
Fig. 4-16. Comparison of electric conductivity at Case R and Case 2.
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Fig. 4-172 Z2&X=29 200 2 MIIEZS LIEtH 20ICH. Fig. 4-162 &
Il BEEQ HAHGHH &MIIES mhst 20 MM I0l B2 Model D2
MO0l BH 450 YHEE20| 2! Model FO F=R0= SEE30| &

Mer dNME=9 BEHRUA 2HEs MIIZES 20/ JUCH et g¢H
Z0l= Model RQI 120 mmE &HEZ&t Z2<Jt It HFe &I 2EZE &

Ck.

Electric field (V/m) Electric field (V/m) Electric field (V/m) Electric field (V/m)
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340 340
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240 240
220 220
200 200 7
180 180
| 160 | 160 |
140 140
120 120
100 100
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10

80
60
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10

[ U

(a) Model R (b) Model D (C) Model E (d) Model F

Fig. 4-17. Comparison of electric field at Case R and Case 2.
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L/min, Model G= 4 L/min, Model He

5 SOtA SEHSHN 2 220U |

1| & EM4 OIS Sofl gHEltA9 MFMst Qs AXGHACH. Olm
n

o -/
S0l DEE HHUA BIESItA RES BSIANZLZ BISItA=E 8IS

Fig. 4-182 BISIIAS REW [HE R =EE UEHH ZH0ICH g
S0l SN HE RE=2XEE 2H BESitA |01 2 Model HE
HE FEEEE 20110 UL BISIHAL RE2 dHEINA SLE
T8 ScX0e SddEH s SFot=0 280l e =0, JddU S2A=501 U
S EA =Y SX0F FAHEF0| Y= MK FHBHEHZ ML

Velocity (m/s)

(a) Model R (b) Model G (C) Model H

Fig. 4-18. Comparison of flow field at Case R and Case 3.
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teH 2301 Ct

HOH g4E 20l
S0l LEA
U & IJtA A

S0l 2 Model H
BrSI10l HE &t

Fig. 4-19= BI8ItAQ RFH OE FItA =gtE= U
FE JHADE A2 LE0M AR 2 EIZ A0S &
A 2N E8des XS € = UUCH SctE20F LI A0
b. Model GO &2 ZctX0t BISEAUNM &8 =g 0181
OI0IA EBtSHES SAIZ = US A2 HEHECH BHESItA
o d2 JIAL WE R=z2=2 st =a=0| LCH. MetA
BtSOtA RES 1c4of0F StCt
Mixture fraction Mixture fraction Mixture fraction
0.95 0.95 0.95
0.90 0.90 0.90
0.85 0.85 0.85
0.82 0.82 0.82
0.80 0.80 0.80
0.75 0.75 0.75
0.72 0.72 0.72
0.70 0.70 0.70
0.65 0.65 0.65
0.60 0.60 0.60
055 0.55 0.55
0.50 0.50 0.50
045 045 045
040 040 040
0.35 0.35 0.35
0.30 0.30 0.30
0.25 0.25 0.25

0.20
0.15
0.10
0.05

(a) Model R
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0.05

(b) Model G
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0.20
0.15
0.10
0.05

(C) Model H

Fig. 4-19. Comparison of mixture fraction at Case R and Case 3.



Fig. 4-202 F& KW OE MIIHEZS LIEIYH 210ICH. MIIE2 AMIIl= &H
O] A& S = FY0lM JIE =2 22 EQCH, JtA SEYeoz XA
X 2A6HACH, Model R, Model G, Model H 25 BIAAMZO| MHZUAN &I
0] 8¢E 4~8 L/min Ol

Electric field (V/m) Electric field (V/m) Electric field (V/m)

240

. 180 . 180

140
120
100
80
60
40
20
10

160
120

100

(a) Model R (b) Model G (C) Model H
Fig. 4-20. Comparison of electric field at Case R and Case 3.
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3) Sci0lY 012 Sct=0F A JtAls
Fig. 4-212 Z2ci0l€ 0t SctE0t &&= JtAlstet AO0ICH. Ol ==Xloi4
Z HetE 2 U= E HIELZ SctX0 28 oS Iot)| ot 21X
& SctE0t JtAleE EXIE FEotALH
Fig. 4210lA 2= Ht2 20| SHE2=2 2
N ZHItuol 2o Am30t 48 = Ot 5

20l &0 JACH. S IJtAISH A E

Fig. 4-21. Photograph of electric discharge in gliding plasma reactor.
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) E0tHl =0l TE olatat Zoll S4
(1) &= OlM3tEIA B3
Fig. 4-22= Zet=0t F=YH0| 0.5 KIZ DTE AEH0IA OlASHEIA F2
HSHo M2 A8 ZUS LIEHH 20IC
Fig. 4-22(a)= CO, 2oHEL MK 2HEES LIEHHAUCH. €0, 2HES Ol

SHEFA Z=QIZH0| ZOIEHO M2t HXXNOZ LAGIAUCE. OIMSHEFA Z=ol2k 6
L/minOilA CO, 2HE0l 6.1% 2 ZHAS BUCH. ZotX0 AN

2ICIZ, 012 SOl SIGHA OIMBHEFADL SGHEC. S5l, A= OlASHEIAS
C0, 0, C", 0,2 =allot=0l IH JI0sC™
Ob ZetR0F SHESEA WO MBAIZC 2AR 280l ZAEQUACH. Z2tX0F B
SOM CO0l &9 Hay 23D UKD 2AsE=2 (0, 2

Ct.

WUHX =2HESS(E0E)2 €0, =SB0l 10 L/minOA =IO 2600 0.0011
L/min - WS LEFLCH OILIX §82 23®0| DEE MM S0 02 <
Ol XICHO!I AEHE | DIBHCY.

Fig. 4-22(b)= A& JIAQ (0 MEHZZ ULEHNQACH. C0p 2o MEZS2A €02
0.0t 2AEUD 0] 2HE COIb LIEFGCH. €0, 2SS0l HUXIZ LEHHE 22
OlAl COOl SEIF RARS JHXID, CO%t 0= EOHgtS EOIC. ol= 010l of
S HHQF 20l CO0b ZetXOb BFESE LHOIA MR 2o 2oHE 0 CO% 0,2 A
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Fig. 4-22. Effect of the CO. decomposition according to the CO. injection

feed rate.
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(2) OIE/O0l&tSHEN A HI
Fig. 4-232 Ol&tatEta Zoiel JHE EHOHMzZ HEsS s 322 & Jta
S=gs 0ds dE0A S JtAES HIE BHSAIRC. JtAS & |RE= 12
L/min, S=&&2 0.5 KN2 SXI& &EH0lA, CHi/CO. HI= 0.04~2 HR0NA &S
ot ALk
Fig. 4-23(a)= (0. =0olE, CHs HEEN UK ZHEE8S LIEIH AO0ICH

C0. 2olE2 CHs/CO. HIOH SOtE0ll et SItotASM CHy/CO2 HIDH

£0 dUE2=2 =K LEEC. Ol dd 02 &tstol 28t €0, 2t ErS

Eq.(15)0l Z4&E 00 DIIEH 2243 HE BFE Eq.(19)0 R4 ARE K C0.22
= ==

2HA0l HAHMEIl HSOIC.
CHs/CO, HIOF EMotd, O M Co.2oll= CoEt S22 M=
UL,

CHs MBE2 CHs/CO. HIJE 0.092 [ JtE =2 gt 42.8%= 2¢el =

. CH,0l JHE FItHz s52 E2 C0
Ct

CI0f CHa/COz2 HIDE 20IA 32.4%= LIEFLHRUCH. =, CHy HES2 2 CHSQ 20l
SotE 0l et OlatstErA HIEHDHE BHS Eq. (16)0l 104 E &It Z0FXID| &0l
il

Ct. OidXl 2ol ==(EbE)2 Co, =l S
101 =ICH 8@l 0.0023 L/minW S LIEHACE.
 —

b SAFSH THEIS UHEHLHOGY, CH./CO. HIDE

Fig. 4-23(b)= CO%t H, ME®AE2} H,/CO HIE UEHH ZA0ICH. CO HEE=
CHs/CO, BIDF Sotetoll WMet =20l ZAE =4, 0l= CH/CO, Bt SItet=5 =

& JtA = COE0l ZAE0 X0l 28t Co, =2oHBrS0l ZAotI)l HE0ICH. H
HERE = CHy/CO. BIDH SOteoll et SItGHCor 1.670A 59.8%2 =l Hgt= LIE
Hel, 1 ZAEAUCH 0

F oI
E|

Eq.(16), OIS 2cHZ EBtS Ea. Of 2lof =22 &0l SItE I

= HES 201 Sote0 ek HEIHE =SS
(

H=2O0ICt.

ALt CHy/CO- HIDH 1014/ 0IA= OIS CH2l 201 SJtot2HA OIg A BrS

0

S0l &4k M =29 2 ZALI| H20ICH H/CO= CHa/CO2
BIob SotE0l et SotE =0, 0l H 440l Jl0ot= CHe S2&01 C00i B
of A= SItotHA H2 &= 201 ROFXID| HE0ICH

Fig. 4-23(c)e= =R M&IA9 ST E LIEtH 210ICH C02 CHi2 2=ItA=
AN CH4/CO. BIDOF SItE 0 et Co= EoHE 0 &FE0l HAL CHel = 1
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Water pump

(e) LabVIEW

(f) Gas chromatography

Fig. 5-5. Photography of experiment equipment.

Table 5-1. Calibrated range, accuracy and relative error of measurement

. Calibrated Relative
Measurement Equipment Accuracy
range error (%)
Mass flow Line tech .
s ~ + 00 +
control ler (CHs) M3030V 0~10 L/min 1% £0.25
Mass flow Bronkhor st .
’ ~ + 0o i‘ .
control ler (C0z) | F201AG-FAG-po—y | 0718 L/min 1 £0.1 % 0.01
Water pump Knf, STEPDOS®03 | 0~20 mL/min +1.9% +1
Data logger Kimo, KTT300 -200~1000 C +1.1 C +0.4
. Tektronix,
High voltage PEO15A 1.5~20 kV +1V +0.005
Tektronix
’ ~ + +
Current 76303 0~100 A +5 mA +0.01
Table 5-2. Analysis conditions of gas chromatography
Analvsi Carr i Operating conditions
Column aSes “gas | Column [ Detector | Detector
oven[T] | Temp.[C]
Molecular
Sieve 5A Ho, CO, CHs, 02, No Ar 60 80
TCD
Porapak Q| COo, CoHg, CoHg, CgHs He 60 120
— 99 —
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Table 5-3. Conditions and ranges of the experiment parameters

: G0, CHq Ar Total gas
variables 1 ({ymin) | (L/min) | (L/min) | (L/min) emarks
- _ 5 CO2 only
CO- supply 5~14 10 15~24 was supp| ied
. Fixed volume
CH4/CO> ratio 2~10 6~14 0~8 16~24 (CH4C0,)=16 L/min
Nozzle )
injection 7 9 0~7 16~23 Fixed volume
velocity (CHs4CO2)=16 L/min
Gas flow rate | 7~15 | 9~20 1 17~36 CHa/C0z ratio
(=9:7)
Input power
Input power / 9 1 17 0.56~0.76 KW
Ni, Fe, Co
Catalysts 7 9 1 17 Ce. Cu
Stean feed 7 9 1 18 Steam flow
1 L/min
Configuration
types of 7 9 1 17 3 Types

orifice baffle

Collection @ chosun
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Table 5-4. Comparisons of the CDR, MCR and selectivity with and without

catalyst
COR MCR Selectivity (%) | Catalyst layer
catalysts (%) (%) temperature
’ ’ Co Hp (0)
Plasma only 37.1 46.6 57.7 32.4 227
Plasma and Alx0s 35.1 2.4 56.9 28.1 267
Plasma and
6 Wit NiO/Al-0s 48.6 | 56.5 | 51.6 36.0 263
Plasma and
Foi0uCra0u/AlL0, | 291 | 816 58.9 | 28.4 285
Plasma and
5 Wt% Co/Al:0s 34.5 | 50.2 | 41.7 253 258
Plasma and
5 wt% Ce/Al20s 33.1 49.5 | 45.6 05.7 264
Plasma and
5 Wt% Cu/Al20s 34.6 | 51.1 | 40.3 | 25.6 280

Reaction conditions : Flow rate = 16 L/min; CHs : CO, = 9 : 7;
Input power : 720 W; GHSV = 5100 h'
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Fig. 5-19. SEM images of the carbon black.
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Fig. 5-20. TEM images of the carbon black.
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