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Abstract : The use of fossil fuel and biogas production causes air pollution and climate change problems. Research endeavors
continue to focus on converting methane and carbon dioxide, which are the major causes of climate change, into quality energy
sources. In this study, a novel plasma-carbon converter was proposed to convert biogas into high quality gas, which is linked to
photovoltaic and wind power and which poses a problem on generating electric power continuously. The characteristics of
conversion and gas production were investigated to find a possibility for biogas conversion, involving parametric tests according
to the change in the main influence variables, such as O»/C ratio, total gas feed rate, and CO»/CHy ratio. A higher O,/C ratio gave
higher conversions of methane and carbon dioxide. Total gas feed rate showed maximum conversion at a certain specified value.
When CO,/CHy feed ratio was decreased, both conversions increased. As a result, the production of solar fuel by plasma
oxidation destruction-carbon material gasification conversion, which was newly suggested in this study, could be known as a
possibly useful technology. When O,/C ratio was 0.8 and CO,/CH, was 0.67 while the total gas supply was at 40 L min™
(VHSV = 1.37), the maximum conversions of carbon dioxide and methane were achieved. The results gave the highest
production for hydrogen and carbon dioxide which were high-quality fuel.

Keywords : Plasma, Greenhouse gas, Biogas, Syngas

* To whom correspondence should be addressed.
E-mail: ynchun@chosun.ac.kr; Tel: +82-62-230-7156; Fax: +82-62-608-5402

doi: 10.7464/ksct.2020.26.1.72 pISSN 1598-9712 elSSN 2288-0690
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licences/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

72



1.ME

St oA o] Ao 2 Q1% 7|5 Hste} 372y wAl=
sff Al A ¢ Ao 2| 29 Hgho] o] FojA]aL itk
3l, o % e Feg olgT oA FRE o]
slott M7AATe] A% H o olsolxx] £a] oF &
R oz ol gaty] YelHE ofuiA Ao Fastch g
1,} &]XH 01]];1;(] x{xm}/\lo] 542 o];f_ ;qu@.ak ol ol A
ol ol gt 7% BAZ AT 9do] olol tigt Tk 7]
@ho] g Ageleh), spade de A W
2 7)FHs AlBRe olutsleia R ol EAG & ofif%]
2 A3lsto] o] 8 ’8]—% 714?] P2G-CCU (Power to Gas-Carbon
Capture Utilization)= 214|7] &8 =AA 9 shuz &
A rh2l T, AsA e, SABAR, 24 Hie @7
H]—jﬂa Sof A T EL 2A7FAS] HEky} o]ASErAE
Roz B vlo|e hAs Yol AEatTA} B
s 477 ABE A
a7l ojAkakebast weke] oA HEHe 7|2 &
uf] A8 &%* A thermal conversion)”| &3} 1 9] A|7|&=2
Z 7] 3} 8k (electro-chemical), EjF H3}F8H(solar thermochemical),
3%-35}sH(photo-chemical), H}o] 2.-3}8H(bio-chemical)Z B o]
Utk o] & R F 7|5 8k electro-chemical) 4 R Ql &
gt} B o] AR A28 Hi(novel approach)®] 7]<0]
W2 g AL ka2 e gloH4-6].

ZfZulE 1 &Z 2 ul(thermal plasma)e} #Zak=uo}
(non-thermal plasma: NTP)7} Qit}. 11 ZafZul= 11.20]
FAAE Aol wou oyA] H-go] Wo| ~ak=
AR S 7HAAL ok A2Etznbe A2 a A9k nhd
& ZZ(mild condition)of| A &R o] 7}53tEE oA v|&

o] 7]&e] dA g WAlof Hll A|ZFo] 7Hestr] wfwol o]
Abstel s o]-84(CO, utilization)S 93t 47|& & 3=z #H
2} QA =3l Ue}7]. o]ArE A EASHCO, activation)of] A}
88 ofei7bn) Zekxol & Zebol oba WA (eliding are
discharge (GAD))©] #-&(non-thermal)¥} 17-2-Z2}t=u}(thermal
plasma)®] T 71A) A B FRAL, M, o YA &
go] HAo) 715e S0 glo] Sulst Bl tjarel B
SICHS]. GAD: 4=+ AlTolA] of7} whayEle] of Zejzn}
& sk ol A= 05 A0lE A oY

bl
=
=
al

-lN

T

e AEHHe2 %%%4[91 GAD+= A% oi X*Z}“‘E
(electron density)7} =11 o] HZ}9] &% 7} 10,000 ~ 23,000 K
2 7ks ZET 5~ 104] o Eti{10]. E2k=0f WollA CO,
9] =& A5 H 9] of7]|(excitation)= CO,ZAJ3s}o] 714 &
Q) wolch. GADSE el xute] A Het k2w ol A
OF =2 AAYUELE =2 ZEo7|(vibrational excitation)A:
Ej7} o] CO, Akl avpAer 7jofg o= Iei11]. 22|t

Zgt=u} -8 oA (plasma assisted combustion: PAC)+= 7}<1
W o] Bkx} ASEA SHA}, 319 obAA R So] o2go
=4 o] OH ]:]_O]:U}- Hokoﬂ ;(4_9_ 7]._5]_ El]—'cs]- 7]EE ‘?:_I'quﬁ

I

Zef ot ASHLE|-er sl 7hast Hgko] ojgh giofd® Ak 73

AEH12].

71E9) A8 A Ve 2T 5 v S
SollA 9 olitaheta: o] High thekRt 04:%7} 3= Ak
oju Wik ZujZ &&= 80004 1,500 KH Lo A G =3
o o]AtsterA A3l A & (activity) X A B I (selectivity)
& 9 Ao etk el Zo) ug 5 ARlo] 4g
st7] 9fRt f-8/dole A $le Ae® BAEu13]. Y
ASG-Zf(nickel-based catalysts)= W3} -2 fAHFE =
diEC A o2 T o] AFslal 2 EA4S AL QL
ol FefstAl ol &=L UcH14]. shARE WAL F55e
13l 27 (coking) 2t &2/ SH(deactivation)of] & TZ}a}rtil
AHA Stk o]& Qlsf FZof o]Tt Tl HetH M=
Sl Zigo] Fastd 1% Ae 2Hcoal char)9} 22 ©ok=E
(carbon materials)©] A3t A eS 7FA] 2l Qi HalE
ATH15].

kA & AtolAs Aol duE A 2+
Eo HebEs olAteheay/de gl &gshala; ©
HES ko] Eet=up WA RRalsls 83t
FEH o EetznkgelE ArE AlQtstith
gler s Ao GFFS ujx= FQ AT
o Abeket ghebE 7kl tisf Zhzte] Heks
A= 5t Aj=o] AtH o] ihshgha
AN 1 7sde B

j=
el
A

axnd
rE
B
2
S oox & M
:(>=h1
il
ofF

i olE
]

[e)
"l'\_'__;l(j

2.1. MEZEX|
Figure 12 o] ArStekay/m gt H3HE

vletslE WaRA FAEo|th A
Sy
Z](power supply equipment), 7} 2 F7] FEF2k2l(gas & air
feed line), =7 9 EAE}Ql(measuring & analysis line) &2 -
= Ak

sopxolestE AE|L Sebxo Aot wspe )
Z(carbon material bed; CM bed)2 A= ¢ich Zgt=u}t
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Figure 1. Schematic diagram of plasma-carbon material conversion experiment setup.
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Table 1. Test conditions and ranges of experiment parameters

Variables OZ{C Total gas feﬁd rate COz/CH4
ratio (L min™) ratio

Test ranges 0.5~0.8 20 ~ 60 0.67~4
Reference conditions 0.8 40 0.67
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Figure 2. Effect of O,/C ratio on CO, and CH, conversions and
product gas concentration.
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Figure 3. Effect of the amount of gas feed on CO, and CHy4
conversions and product gas concentration.
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