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An Experimental Study on the Performances of a Coupled Reactor
with Catalytic Combustion and Steam Reforming for SOFC and MCFC
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Abstract >> The performances of a coupled reactor in which a steam reformer and a catalytic combustor were
mounted simultaneously had been investigated and compared. The combustible offgas exhausted from the anode
of SOFC and MCFC were utilized as heat sources for the endothermic steam methane reforming. The catalytic
combustion was used in order to burn the combustible offgas. Thermal energy released by the catalytic combustion
is directly transferred to the reformer surrounding the combustor. The various operational conditions such as fuel
utilization rate, steam to carbon ratio, amount of catalysts, fuel cell loads were changed. And operating variables
were comprehensively identified by sensitivity analysis. The fundamental results from this experimental study show
the potential abilities of the coupled reactor. Therefore the results will be of help to design and manufacture the
more better coupled reactor in the future.
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Nomenclature SLPM : Standard Liter Per Minute
GHSV : Gas Hourly Space Velocity(1/hr)
S/C  : Steam to carbon ratio
ur : Fuel utilization rate in FC Subscripts
A . Excessive air/fuel ratio required for catalytic
combustion f : fuel

in : inlet of the catalytic combustor

TCorresponding author : ymkim@hanyang.ac.kr
[ A4 : 2014.05.26 <=8 : 2014.07.23 AR : 2014.08.31 ]
Copyright (© 2014 KHNES

364



SOFC2} MCFCe]l 21-8-517] 9f3h Zrlj dax-57] 7 o] 5ok Whe7] 9] sl drk A4 A 365

.M E
o7} Erle] Fupale] A4H fglow 2}
ShE QFo] QPP Aol A&7 Psat WS ¢
S A2 Ao A] 9L 4145 Sotof sy,

oj2fgh Qe T2 fFollA] TP FHGE AR
SAANL JeP?. il FAslo] YRS oA
Ho g o]g3 A 7RSS ek A 2
3} 7} (green house gas, CO)E W3R Y=t}
upebs] Foolls AR AR-S A FA]skaL ¢
Agtk Aoy A] 718E AR 2] Hgto] EH4
o] & Aolr}. gk, AL} o] SHAARE ol A
dor e ZEe Ao CO9 WES A
39%, HAATFA 20%, Agto] I Y x1S AA|Fp.
20109730z 4E AYAYLE o= =S
AR, AAAAIR 2GS Ao R oA sgede &
Fotar?, AL FMARS 7Hhe R SH= B
o] o3| W& Qlek whEka] 7R mlEol=
S ARANA FAE FETL ﬂ*‘l‘}% gk 7]
£ IR oA AAt Heyd Ao A
1:]—3'5),
Qo 22 FHx|et Mol whe}, £ A=
o] g3to] HEE Aot 1128 ARHAA
2E)(SOFC, MCFC)o]| glojA], daax =
Sl 71 gt B9 Suda-siE w719 A
o g sttt ARAX|A] Hl
HES- 7F2(Hy, CO, CHa)oll tff3)] Sujdas
AR wAet GoYAE /fERkge] Hash Yo
82 Z-gstazt sk Zlo] SF3 v AA A
Jo|H(Fig. 1), th=9] A7 AgEa gep
Lee”-2- MCFCo|| 283 B3 9% 7472 A

o g s 4036—}313

Flue gas

-
SOFC
- Cathode xhaust
Air

Anode _q—lml—q—ﬁaed Stock
+H;0

MCFC
Cathode xhaust
Air

Anode —<—|m|—<— Feed Stock
+H,0

Fig. 1 Schematic diagram for the application of a coupled
reactor in high temperature fuel cell power generating system
(up : SOFC, down : MCFC)

%tk PEM ARAAG 2k FF FA2A A=F

o
9TAAS QYO R o|§IPUA LA FAUSo]

WE WAEE Y dudy] 40 STF N
A Wkg-719] Ao Chuha”of| oJ3) x|mels A

%37 §7}=] it} Frauhammer’S Agba] &
o] Hof| A Fuje} MAZE Eazskar QAT
AR 7IAE dFRE 52 sk TEE v

o

14
o

i

=
5 b

710l HihA A RS Zdsial Ao A
8] a3} I‘f‘r o] Atolld= Alztee] | Wi+
fo=]

o, da Solle 224 Hertanks o853

ok &]lj

o2

lo 1o o oo I
=
b
fru
L

I HES 22 R00°CTIA 2 AJsks}

rj‘g

)

o]
.ﬂ

o A g Hied]h S
<

AFBALL, AR A(PTEE, 7haz
WA 422207 o5kgt) o] oltofA]

AN R ol ALt B

off tsiA d-tsteiet. Aa7HA] gt

7189] Ao M= ArFR of|A] WSz AR

B efshA] g g, Ei A

113 S i
o] =ik

B =RojAe ojn] Wiy AAnel” gt &
7h AAZIE oW oA AABRALA} Bt 53
ofgfiel &2 4 219 W] wE FUF W
719} “d6= SOFC, MCFC Z}7po] &7 Add=3d9

A|25H8 A4z 20149 8



366 et - e -

greof b5 AT,

D A= o]-8Efuel utilization rate, uy)

@ 2E/7}E H|(steam to carbon ratio, S/C)

© Fuj=ke] HEo] e g v

@ ALl gt W= B4 Bl

6 Y] w2 AS(Tw) ¢ 7]

©® A28 371 w2 () @ 7] LE

ol & AFAN 9 7|EY AsS TSt
3719 5 M7t 8 W7l vAl= F=
=R EA5k 7|2 AAGA A g o 9l

=5 A

2, #

o

2.1 E0iAL-IHE SE WS7| 7=

X Aol A AMgR il A7) 1A B
Ul 2= Fig 290 2k . giR da

o2 W7 40mm, &5 7jE g9 W7 80mmo]
o]zLo]

oF 270mmo]™, ¢JFof 150mm F7o] T *

Rt A4 7haet A 7pso) FF2 iRl

By E mlobsly| 95k Fig 2(b)et 2ol €7

—{E r_&

H oog

Fin Reforming

(a) front view

Fig. 2 Cross sectional diagrams of a coupled reactor”™

>> ek W AeuAeta] =8

12}
it

L6mme] K] QA& 2 gtz 770y ek
Ak A Fole] Aeols Bk UICUPYS
1o & 574917 smm AR1e Pefe) B3 %
FAERYO| THE T Y7
Sl 907 3mmojck

=
AN
fu.

>
]

uhE, AAEule

4 Al g 1 Ao
7k 32 SOFC, M
gfsto] T %= vlukg 7kAE
stol gastalck A2 Fete
IkWol| Zagt 457]9F wgt
= Alitstel Fasteich 74 7k
E AA 7S 35, AAT Fof| AgilentAk] 7890A
(gas chromatography) .92 ARESH] Fle 245 5
et F= w4 WAlele 7% HE7I(TCD, thermal
conductivity detector)S, #A|2|o] 7tARE HAaT) Ab

S AT

Q
ey
@
1o
=
N
o
£
rlI

O
fllo

o)

rir

o ¥

- =

re

[

o o2

o 12
oo kI 10 fr

i)

2 ot

Jo

rlo e X ot
Qe =

%2 m
(@)
2

_}I_‘
[

o of
o M

re
u
2o
[o N

1
e
S
r {
N

~

Conmbustion
catalyst

" HH§

]

Feed stock(nc orcra)
+Steam

HA+CO+CO,
+CHA4H:0

Reforming
catalyst

(b) side view



SOFCFMCFCo] 2-4517] 18 S A12-57] 7)o] Bk whg79) o Tt s A7 367
Filter dryer
Air
Heat T
Exchanger |\
Gas Analyzer
CH,
Water Trap
H;
co
co,
Fig. 3 Schematic diagram of the experimental apparatuss)
Table 1 Operating parameters selected for performance of coupled reactor
Parameters Fuel Steam to Carbon Combustor Air(\) for Combustion
Fuel Cell type utilization rate (uf ,%) Ratio (S/C) Inlet Temp. (°C)
Fig. 4(a), (b SOFC 35 -
& 4@, 0) 60 ~ 80 3.0 300
Fig. 5(a), (b) MCFC - 2.5
Fig. 6(a), (b SOFC 35 -
& 6. ®) 60 2.0 ~ 4.0 300
Fig. 7(a), (b) MCFC - 2.5
SOFC 35 -
60 3.0 150 ~ 350
@ MCFC - 2.5
Reference
SOFC 2.0 ~ 4.0 -
60 3.0 300
MCFC - 2.0 ~ 4.0
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Table 2 Calculated anode offgas compositions with respect to the fuel utilization rate for fixed S/C = 3.0
Steam to Carbon ratio(S/C) 3.0
Fuel utilization rate uf (%) 60 70 80
Volume flow rate | Compositions SOFC MCFC SOFC MCFC SOFC MCEFC
H, 6.77 5.63 4.48 3.55 2.74 2.00
Anode offgas CcO 0.93 2.06 0.61 1.51 0.36 1.10
for catalytic O 3.68 1330 3.36 10.76 3.12 13.11
combustor
(SLPM) CH,4 0.002 0.006 0.0006 0.003 0.00001 0.0004
H,O 16.30 17.43 15.33 12.14 14.57 11.44
Air for combustion| _ Air(3.5) 64.18 : 4226 : 25.80 -
(SLPM) Air(2.5) - 44.86 - 29.92 - 18.36
Reformer CHy 4.61 4.61 3.96 3.96 3.46 3.46
(SLPM) H,0 13.84 13.84 11.87 11.87 10.38 7.67
Temperature profile Fig. 4(a) Fig. 5(a) Fig. 4(a) Fig. 5(a) Fig. 4(a) Fig. 5(a)
Concentration profile Fig. 4(b) Fig. 5(b) Fig. 4(b) Fig. 5(b) Fig. 4(b) Fig. 5(b)
Table 3 Experimental volume flow rate according to the changing of the steam to carbon ratio in reformer
Fuel utilization rate us (%) 60%
Steam to Carbon ratio(S'C) 2.0 2.5 3.0 3.5 4.0
Volume flow rate | Compositions| SOFC | MCFC | SOFC | MCFC | SOFC | MCFC | SOFC | MCFC | SOFC | MCFC
H, 7.36 6.07 6.95 5.70 6.77 5.63 6.68 5.64 6.65 5.68
Anode offgas Cco 1.33 2.58 1.09 223 0.93 2.06 0.83 1.87 0.75 171
for catalytic Co, 353 1182|361 1312] 368 1330 3.73| 1344| 378 1357
combustor
(SLPM) CH,4 0.006 0.02 0.003 0.009|  0.002 0.006|  0.001 0.004| 0.00009| 0.003
HO 12.09 13.36 14.19 15.44 16.30 17.43 18.44 19.47| 2058 21.55
Air for combustion| Air(3.5) 7237 - 66.97 - 64.18 -l 62.61 - 61.71 -
(SLPM) Air(2.5) -l 5146 -l 4717 - 4486 -l 4475 - 4407
Reformer CH,4 4.86 4.86 4.70 4.70 4.61 4.61 457 457 4.54 4.54
(SLPM) H,0 9.73 9.73| 1L.75| 11.75| 13.84| 13.84| 1599 1599| 18.16| 13.41
Temperature profile Fig. 6(a) / Fig. 7(a)
Concentration profile Fig. 6(b) / Fig. 7(b)
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Table 4 Experimental conditions according to the changes
of the amount of catalyst

Number
of Exp.

Combustor

Reformer

Catalyst

Metal ball

Catalyst

Metal ball

Case 1

100%

0%

100%

0%

Case 2

100%

0%

50%

50%

Case 3

50%

50%

50%

50%

Case 4

100%

0%

75%

25%

Case 5

100%

0%

25%

75%

GHSV

20920(1/hr)

1455(1/hr)
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