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Development of a Gliding Arc Plasma Reforming System to Produce Hydrogen Form Biogas
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AT BHL ulo] 9 7}AF o] g3l LEE Fh ALY CO AT e Fetold oba Zepzuh A Alx
J o] Aolt}. o] 5 flto] FA7EA AokgTe 57 FUH W), Suls 25 wWstel] digted, ez kst
o = =Hs) 371FAFel det] A skt 7ExdL S/C ¥l 3, FulF 212 700 C, AA 7}
16 L/min, 98 A& 2.4 kW, H}o] @ 7k~ FAH|(CH, @ COy) 6 : 40]t}. ojuj o] A3 Av= HTS? HAZAL S/C
, TR 500 C, LTSS] #H A 3212 s/C H] 2.9, §H&-2% 300 Colth E3 PROX Ihe] HAx71e 247} 37]H
mL/min, 190 C, PROX I1%9] # & 212 71447 200 mL/min, 190 CT-& YeRidch 88718 25 A
T 7R Wy 78 55%, CHy A8 97%, COp A9HE 97%, CO A== 0% vhel e 7kags Jiaste] A4
T B FHE UERIE, CO HUEE %E tehsith

The purpose of this study is to investigate the optimal condition for the hydrogen-rich gas production and the CO removal
by reforming of gliding arc plasma reforming system using biogas. The parametric screening studies were carried out accord-
ing to changes of steam feed amount, catalyst bed temperature in water gas reactor and catalyst bed temperature, input air
flow rate in preferential oxidation reactor. The standard condition is as follows. The steam/carbon ratio, catalyst bed temper-
ature, total gas flow rate, input electric power and biogas composition rate (CHs : CO,) were fixed 3, 700 C, 16 L/min,
2.4 kW and 6 : 4, respectively. The results are as follow, HTS optimum operating conditions were S/C ratio of 3 and reactor
temperature of 500 C. LTS were S/C ratio of 2.9 and temperature of 300 C. Also, PROX I optimum conditions were input
air flow rate of 300 mL/min and reactor temperature of 190 C. PROX II were 200 mL/min and 190 C respectively. After
having passed through each reactor, the results were as follows: 55% of H, yield, 0% of CO selectivity, 99% of CH4 con-

version rate, 27% of CO, conversion rate, respectively.
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Figure 1. Schematic of the gliding arc plasma system experiment set up.
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Table 1. Characteristics of Commercial Catalysts

Step of reactor XSS g LTS PROXI PROX I
reactor
.. . F6203CCI'203 .
Composition NiO -Cu0 Cu:Zn Pt Ru
Concentration o <. 40~44: _
%) 10~14 80:8.5:2 44~50 2 1.8~2
SLlppOIT A1203 A1203 A1203 A1203 Ale;
Size (mm) 2 32 x32 32x32 2 2
Manufacturer Svd- Std- Svd- Svd- Svd-
ulacty Chemie Chemie Chemie Chemie Chemie
Shape Sphere Pellet Pellet ~ Sphere  Sphere
7] A W A5 1S skl AlRM(ALOs 96 wit%)= ©]-&
akoiTh. ot ZEAEAL o] A7 3 mmE AR Fo] glon, Sefo]
g ok Eekzoh whgy] A% H W URe B JEs
HIers AMgsdch
Sol W71 A7 114 mm, 0] 245 mmz Fvle] AT LD
& 98 AEoR AL g #AsH ldsgon], 47 2
mm8 & GFVILK 7-ALOs)E BAHIE Ftof TN o R Axd Y
ANI) A2 FiE Fof w70 F3 ST ZF vEg7E Fujjo]
ek 5738 Table 16 YEFATE AIEES 2oy oA Eekzw)

Zvl] §R37] Febiela 54 AAsGIth

=otolqd ol Eetzwt whgrlelA ¥ Co %
BEE FASI PEMFCO Y Al Aol Sl 1% 3
71 Zgo] =7Fs st "k WA PEMFCO] 4 1
ppm "R R Gr7] &) 7437k AolRkg el e Abksiah-g-
715 AA sk

72 o7 I(WGS) &= 27 o]HH-8-7](high temperature shift
reactor) &} A|-270]4H-8-7](low temperature shift reactor)® T~ =)
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A E AT ZeEteld ol Fekzrl Hull RESVIE AA Y
< Y FHALE 7 aL 20 I(HTS) S Shsto] Alxdolt
S7ILTS)E olFste] FmlTe 255 dYsiA FAAA FALh
S vy s ARkl fYellA AT TdSHA Sl
ol ASAIZ T HTSS} LTS Atolells du k| & dxste] W2he-
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shlom, Rkg7)9] 842 02 Lolth MEHS 47 g7 Fuk
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Lol Msle] wE HAx et dPS HYsATt 3 A
Abshak-S-7]¢l PROX IR}, PROX 1Y 37] FQ133) s 2
Wkl gk HA 3o digk AHS X3St

b

3. JHE Hl

00

H A HO[E] X2

3.1. JjEEE
3.1.1. E2k=0} 32 Btg(e)

CH; = C + 2H, AJH = +75 kJ/mol 1)
2CO = C + CO; AH = -172 kJ/mol ®)
CO + H, = C + H,0 AJH = -132 kJ/mol 3)
3.12. 57| & B-2[7]

CH, + H,O = 3H, + CO AH = +206 kJ/mol 4)
3.13. d7tA Fo|gkE(2]

CO + H,0 = H, + CO, AH = -41 kJ/mol ()
3.1.4. MEHE MBSt HEZ(S)

CO + 0.50, = CO, AH = -280 kJ/mol (6)
H, + 0.50, = H,0 AH = -240 kJ/mol @)
3.1.5. HIEs} BEE(1]

CO, + 4H, = CHy + 2H,0  4H = -165kJ/mol 8)
CO + 3H, = CH; + H,O AH = 206 kJ/mol ©)

3.2. AledAu Gole HME|
3.2.1. HEr ®2HE(CH, conversion rate)[9]
T 7h Fo] vgko] AdtE= S-S A (10)7 2Tk

[Input CH4] — [Output CH4]
[Input CH, ]

CH, conversionrate (%)= > 100 (10)

o171, [Input CHyJ= ™¥+e] 9 “55(L/min), [Output CHyJ+= #l
] §F “§5%(L/min)°|th

322, &4 £8[10]
F FEE A el ga) ATk

[H]vu as
—2snges o q00 an

[ 21reaction gas

H,yield (%)=

J. Korean Ind. Eng. Chem., Vol. 20, No. 4, 2009



426 A4 -

rlr
F—E
olo

0%7]}\:1, [HZ]syngas"\:—; 6\3‘/\6‘71—3\— LHE] _/Fi%}:(%), [HZ]reac!ion gas i
7k U] i %)olth
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3.2.4. CO MEHE[12]
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¢

(CH, ) pmerica converted
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Figure 2. Effect of various S/C ratios in the gliding arc plasma reactor.
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Figure 3. Effect of S/C ratio and temperature in the HTS reactor.
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