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Abstract — Prototype 5 kW-class fuel processor based on steam reforming of natural gas with heat and system integration has
been designed and fabricated for use in proton exchange membrane(PEM) fuel cell with residential applications. Endothermic
heat for steam reforming has been supplied by radiation type metal fiber burner. The performance of the integrated system has
been experimentally evaluated for the reformer temperature of 608@0constant GHSV of each reactor and atmospheric
system pressure. The final prod@iéttype) can produce the total gas flow of 6.5 ¥fH, conc.: 74%, dry basis) under
reformer temperature and space velocities of°8)0L,950 R, respectively and also remove CO concentration under 10 ppm
by two series fin type packed beds employing@(,/C0O)=2.1] and RW(20,/C0O)=3.5] catalysts with interstage cooling.

The overall fuel processing efficiency of about 52% calculated by the ratio of fotaitplit after PrOx to total methane flow

into the reformer and the burner based upon higher heating values is somewhat lower. This was mainly attributed from the fact
that heat loss from the exhaust gas after supplying heat necessary for raising the reformer temperature by combustion of nat-
ural gas was excessively high.
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Table 1. Catalysts employed in each unit process
) " surface . . rxn. cond.
reaction catalyst composition 5 main reaction
area(m-g) P(atm) T{C) SV (hY)
ICl 41-6 (extrudate/ . e  aea. C HgS+2H=C,;H 4+H,S,
HDS 2.8 mm diameter) CoO : MoQ;: SIO,: AlL,O, = 4:12:1:balance 200_220AH2—119.7 KJ/mol upto70 350-400 500-1,000
ICI 32-4 (sphere/ . . ann. ZnO+H,S=ZnS+HO,
Zn0O 3.8 mm diameter) ZnO : Ca0 : AJO; = 92:2:balance 25 AH=+62.3 k3/mol upto40 350-400 200-2,000
STR-I ICI 25-4 NiO (-10%) on a calcium aluminate ceramic <10
(1:1 mixture of ~ (14x19mm)  support promoted with alkali
ICI 25-4 and ICI 57-4 . . . . CH,+H,0=CO+3H,
ICI 57-4) (14x19 mm) NiO on a calcium aluminate ceramic support <10 AH=+207.9 kJ/mol upto40 700-850 3,000-6,000
STR-I ICI 57-7 NiO gn a calcium aluminate ceramic support <10
(3.2x3.2mm) (designed for fuel cells)
ICI 71-5
HTS Fe0,: Cr,0; = 90-95: 5-10 100 upto40 350-400 2,000-5,000
(9%5 mm) CO+HO=CQ+H,
ICI 83-3 AH =-41.8 kJ/mol
LTS CuO:ZnO:AJ0;=33:33:34 80 upto40 180-250 2,000-5,000
(5%3 mm)
PUALO: 1 w6 PUALO, (Aldrich Co.) 100-150 €O *+1/2G-COG,,
(3x3 mm) AH =-282.8 kJ/mol
PrOx upto4 100-300 >5,000
RUALO; o e WALO. (lab g H, + 1/20 - H,0,
(sphere/a mm) + W17 RUWALO, (1ab. prepared) AH =-245.1 kJ/mol

st5t5 8l H41AH 3% 20034 63
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Fig. 1. Schematic diagram of experimental apparatus for steam reforming.
1. Filter 7. HPLC pump
2. MFC 8. Steam generator
3. Check valve 9. Reactor heater
4. On-off valve 10. Water chamber
5. Flow meter 11. Back pressure regulator
6. 4-port valve 12. 3-way valve
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Fig. 2. Schematic diagram of integrated fuel processor.
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Table 2. Variation of product gas composition at the exit of each reactor as a function of steam reformer temperature change (tieeiccondition : S/C

=2.5, P=1 atm)
(of

Unit process Temperature ) H, co CH, B

Inlet Outlet (%) (%) (%) (%)
STR-I 700 515 60.7 (77.1) 4.1 (12.0) 20.5 (0.6) 14.7 (10.1)
HTS 350 344 63.9 (78.8) 13(37) 18.1 (0.5) 16.8 (16.9)
LTS 196 187 64.4 (79.5) 0.3 (0.3) 17.5 (0.5) 17.9 (19.7)
Prox | 136 163 62.1 0.01461 18.4 18.4
Prox Ii 118 132 60.4 (77.7) 0.00067 (0.0) 18.6 (0.5) 18.2 (19.6)
STR-I 750 550 69.2 (77.2) 5.8 (13.5) 116 (0.2) 135 (9.2)
HTS 373 360 70.0 (79.1) 25 (3.9) 12.9 (0.2) 14.7 (16.9)
LTS 195 192 723 (79.8) 0.3 (0.3) 10.8 (0.1) 16.6 (19.8)
Prox | 140 180 65.7 0.0295 131 185
Prox Ii 127 137 64.2 (77.9) 0.00073 (0.0) 12.9 (0.1) 18.5 (19.6)
STR-I 800 580 70.8 (77.1) 8.5 (14.5) 78 (0.0) 12.9 (8.4)
HTS 396 374 72.0 (79.2) 2.5 (3.9) 7.9 (0.0) 17.6 (16.9)
LTS 195 195 72.2 (79.9) 0.6 (0.3) 8.3 (0.0) 19.0 (19.8)
Prox | 140 204 66.7 0.06622 10.3 18.9
Prox Ii 120 158 65.3 (77.9) 0.0 (0.0) 9.5 (0.0) 18.6 (19.6)

cf : The values in parentheses are equilibrium composition(by ASPEN+ simulation) at the inlet temperature of each reactor
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Fig. 6. Dependence of each reactor temperature upon time on stream.
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Table 3. Comparison of process efficiency between Fraunhofer ISE and KIER system

Fraunhofer ISE(Germariy) KIER™
Reactor
STRautIet HTSoutIet LTSoutIet STR}utIet HTSoutIet LTSoutIet

CH,(mol%, dry basis) 3.0 2.7 2.6 451 5.27 5.80
CO,(mol%, dry basis) 12.2 15.9 19.0 9.36 14.88 17.55
CO(mol%, dry basis) 9.0 3.6 0.3 12.18 5.08 1.62
H,(mol%, dry basis) 75.8 77.8 78.1 73.95 74.77 75.04
Efficiency with HHV >70%" >52%

"SIC ratio=3-3.5, R/B=1.35, \yyyy o;=1 M(STP)/h
" SIC ratio=2.5, R/B=1.13, My s=1.7 M(STP)/h
™" SIC ratio=3.18, R/IB=1.33,/, s=1.33 n{(STP)/h
AR/B : The ratio of reformer methane flow R to burner methane flow B
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