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Operational Characteristics of Methanol Reformer for the
Phosphoric Acid Fuel Cell System
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Abstract— A methano! reformer was designed and fabricated using a CuQ-ZnQ low temperature shift
catalyst, and its operation characteristics have been studied for the phosphoric acid fuel cell (PAFC)
power generation system. The type of reactor was annular. Methanol was consumed both for heating
and for reforming fuel. Contents of carbon monoxide produced from the reformer increased as the reaction
temperatures increased, but decreased as the mole ratios of water to methanol(H,O/CH;OH) increased.
At steady state operating condition, temperature profile of the catalytic reactor of the reformer was well
coincide with the model equation, and it took 50 minutes from start to the rated condition of the reformer.
When the system was operated at 4/4 and 1/4 of load, thermal efficiencies of the system were 72.3%
and 77%, respectively. When the PAFC system was operated with reformed gas in the range of 62 V-
37.6 V and 0-147 A, the trend of I-V curve showed a typical fuel cell characteristic. At steady state condi-
tion, the flow rates of reforming and combustion methanol were 88.1 mol/h and 50.1 mol/h, respectively.
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CH;O0H=CO+2H, AH=21.7 Kcal/mol (1)

CO+H:0=CO0,+H, AH=—9.8 Kcal/mol (2)
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Table 1. Physical and chemical properties of low
temperature catalyst.

Section Composition and form

CuQ/Zn0/ALLO;, Pellets
(dia:5.4 mm, height:3.6 mm)

Composition, Form

Specific surface area 100 m?g
Pore mean diameter 100A°
Cu mean crystal size 50A°

CH;0H+H;0=CO0O,+3H, AH=11.9Kcal/mol (3)
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Table 2. Design characteristics of the reformer for
PAFC system.

Items Characteristics

450C
50 cm

1/4 inch dia. X200 cm

2.3!h

Ignore

6 kg

1.3

5.5/h

7.73Nm3/h
(Hydrogen 5.8 Nm3/h)

Outlet flue gas temp.
Reactor size

Preheater size

Combustion methanol flow
Pressure drop

Weight of catalyst
Water/methanol mole ratio
Reforming fuel flow rate
Reformed gas flow rate
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Fig. 1. Cross-section view of the reformer.

1. Methanol 2. Water 3. Burner 4. Combustion gas
5. Catalytic reactor 6. Reformed gas 7. Evaporator
8. Insulator
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Fig. 2. Schematic flow diagram of the reforming system.
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Table 3. Analysis conditions of the methanol conver-
sion using gas chromatography.

Item Condition

Column Porapak Q 80-100 mesh

TCD Temp. 180T

Initial temp. 110

Carrier gas He (25 m/min)

Heating rate 5C /min
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Table 4. Thermal efficiency of 5.9 kW PAFC reformer system.

Reforming Burning | CH;OH Gas Comp.(%) Gas flow(mol/h) Thermal
CH; mol/h CH,OH, | conv.(%)
(WHSV,H ¥ mol/h CO CO, H, CO CO, H, effi.(%)
88.13(0.458) 50.10 221 231 74.69 744 77.77 25145 72.31
66.25(0.345) 37.25 0.984 2.30 231 74.6 6.09 61.22 197.69 75.82
44.06(0.229) 24.83 0.989 241 230 74.59 424 40.54 132.01 75.96
22.03(0.115) 11.85 0.992 248 22.8 74.72 2.18 20.09 *65.84 76.96

Energy Engg. J. (1993), Vol. 2(2)



206 AR A
70 T T T T T T 6
/V
65 + W/V 15
o] v1
60 v L->
/ 44
v
S / T
= R4 43 X
Qg J =
« 50
= @< %
S v @ » -2 2
45 D~
%
2 1
40 - °<o
o
st Y 40
30 i ] 1 1 ! 1
) 30 60 20 120 150
Current(4)

Fig. 8. Electrical characteristics of PAFC system using
reformed gas.

(3/4 H-shell A= 75.82%, 88.13 mole/h(4/4 F-5t H=h)
ol & 723%2 Bl A| 3L lek. o) o} o] hdw kg2
go] 27 4E A&S s vk o) Table
404 Hod F3 9l wuhs) 7o) 8} Zrjol whek AA
fapol Z7ketal ieke AHet asiRine] HEr)
Haste] oo s FqlEs ARe] gkl v ¥
AR Fhme) el A Heid & Asolc 44
et 9] A7) Egel djste] dE PERE /12 80%
W 2 B AR FEguch 8% Erh o)gfze o)
e HRENN e AL L] daES F4717]
2lato] Sl 4] HH%EJ% Jof Fartag AAZAY
Bx A8E2 AHgste] Ang R 4 FRAA
MAZNY elfA] o] &8-S FAHAZ A} ot o]
spzro] dmsfAr)e 82 A8A } Wﬂ Qe R

O

_Q.

==
°o.
=R

ﬁ—zﬂoﬂ AZste] A ﬁ-r B3 Hdw 2gEHE
debg FONAAR+ A4d7)3 FEHERWhF &
S5 E oeteo) ofg Table 49 HAAAde] ZE7}
feM 1 Jehf s}, Figoll A Bl $-8157)o) mje} o gh-2
TF #FKyhe vaHen Frlstn ok
8t Z7lol we} AeFE da dEE g A b
2] fuo] wlH AR FAEe) $AET g F% e
wlghe), e by 2Eg 2 TEHE ]
231 gpAQl 918 RodFa gk ol olfe
Falek Zolo] M et deg ghae) A sl @

ol

m}o -{u:o

olLAXIZ 2 H2H HM2E 1993 9E

A28 vt F (sl AR #gdHy o)) FAHE
A7) Al vigke HIEY Zd9) AArY
A EE] Soir} o ok g "ok
Fig 8L dgsAr]el dgAx By AAsge
$ Qolxl WA 2 Haolek Y 2L A
7-! A4 viekg gke 7hzh Table 4o vield ule}zbol
22.03 mole/h, 11.85 mole/h 4] 88.13 mole/h, 50.01
mole/h &2 'Z—FH"]?]‘”’H oFE W3k g Fl
A1 A s"ﬁ A5 0°1|*1TE1 147 A7) ZdAZek
E 147 A o) o ' gelR] X olf=
5} W 2 ASAHA] &4 A8
B5l7b 0 Aol A B-E] 1463 A7HR) Z714)
qte 62V 9] 7132 #gHOpen circuit
376 V7HA] ZhaEel AP A5AHA

Eo]

voltage)ol] A
A-HHF EAL Bedr)h Figeld 100A 29 %
Aol A el s Astrtehgo] Wk v] H8) wrkEo]
20 g f3iHo] vehts F8 A AR Ko
At 9 A7 dAE A8 HA Y
NAeds 88.13 mole/h, 144 98 50.01 mole/h &
7}]7%7]? A% o) A3k 37.6 Voll A 146.3A9) 3l

FE 7|1235}0] 55kW HHL oxHdoz WA 5
‘il‘lit}.

5.4 £
A4y AR AR WAL B AekE o
ENE7E AAA s A °d:rL T3] 2
A#-g gokstd ohgst ot

L ol4ts daAA) wdo] FeF dge dsHA
719 dA71%e] = dch

2. A== A e dasisis HFEE 25
w2t FF ghells WA A Eag o) ukeg e St
5 gt Hsk o, B/ege] Sulrl &
7181918 Aol = 7t dbedc). & oek-g-o] W E-go)
718k dasigta FEE ;‘7]'6}‘”‘4

w
o,
i
Mo
[
tlo
1o
<
[3:4
U
2
_>_4,

I
)
2,
>
>
o -
Yo
fo
= mio
n
0,

_?‘
4. NA7)e] A T
ato] kg AR = 50%0] 22 HYLw, ofd

5. ARA 2R EE
z7} stdom 44



77%% Vel Wisich =g vlehg kg 9 daksiuia
o) AT Fgol ¥ v|AH, {5t F AL FT
g AAE 9] sAE =
Zojo} A=Y EE Fri}

6. ABNA7)E 59kW 143 Ag =] 22} A4
£ 215 Aol A 23t 37.6 Vol 4] 1463 A2 R-3lHAFE
71538lo] 55kWe] A=HE txem gagd 5 94
o, AF-Ag B AR/ 0 A A5 1463 A7t
A Z7FA17)= Bk Agke NEE A 62 Vel 37.6
VAR 7taEeE Ag4e A8 B4 2ok

i
S
2
04
2
R
2
b
2
Bl
>
rﬁ\i
b o

D28

L Iy A, “BEEmhel ", dhtami, 270),
337 (1984).

2. David Linden, “Handbook of Battery and Fuel
Cell”, Mcgrawhill Co.(1980).

3. HERPURE, “HARIEMLS] BT R, CMC (19
85).

4. NEEHE YA b BRRER O B, SR,
63, 729 (1990).

5. BTG, “BRORIERED BT, =65, 63,
733 (1990).

6. K. Harishima, T. Hirota, “Development of Small
Capacity Phosphoric Acid Fuel Cell Power System
at Fuji Electric”, Fuel Cell Seminar, 190 (1987).

7. S. Abens, C. Chi, D. Glen, “Air-Cooled Fuel Cell
Power Sources for Bus”, Fuel Cell Seminar, 28
(1990).

8. V. W. Adams, “Marine Applications of Fuel Cells”,
Fuel Cell Seminar, 273 (1990).

9. ERIEk mafEs “BHNEMRE Y 5 MR
B, =R, 63, 765 (1990).

& A=AsIY £2 54

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

207

BRET, “HEERREELREOME", BN
63, 758 (1990).

KEFEW, BILE—, AERHEE “KRRNERE",
B ABIET, 8 61-236601.

J.J Early, et.al., “Phosphoric Acid Fuel Cell Stack
and System Development”, DOE/ET/11536.
Stenly s,Kurpit, “1.5 kW and 3 kW Indiret Metha-
nol Air Fuel Cell Power Plans”,10 th Intersoc,Ene-
rgy Conversion Engineering Conf., 228 (1975).
Gange. T, “Condition in the Operation of 4 kW
PAFC Using Methanol”, Fuel Cell ‘Seminar, 186
(1986).

Chang Chi, et.al., “Low cost Methanol-Phosphoric
Acid Fuel Cell Power Plant”, Fuel Cell Seminar,
186 (1986).

54 o), “eg $37] AR vAE 24
H4=2) o33}, o= R & D, 9, 55 (1987).

Fuji Electric Co. “Instruction Manual for Fuel Cell
Stack”, FCA 92-257, (1992).

“ ICI Catalyst, Operating manual”, ICI.

V. pour, J. Barton and A. Benda. “Kinetics of Cata-
lyzed Reaction of Methanol with Water Vapor”,
CollectionCzechoslov chem commun, 49, 2923
(1975).

AlFd 9, “Aary Az e AssiAad
T, AR eA T, HF B4, 63 (1992).
KIEHF St NERREMN BERED BT
ARPREHRES", MEEIKR it ®EE No
8802 (1990).

J.C Amphlett, ef al., “Kinetics of Methanol Decom-
position Using Girdler G66B Catalyst”, The Cana-
dian Journal of Chemical Engineering, 13, 605
(1985).

Energy Engg J. (1993), Vol. 2(2)



