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Theoretical Analysis and Study of Design of Autothermal Reformer

for Use in Fuel Cell
II-Hwan Kang, Hyung-Man Kim, Kap-Seung Choi and Hak-Min Wang

ABSTRACT

As fuel cells approach commercialization, hydrogen production becomes a critical step
in the overall energy conversion pathway. Reforming is a process that produces a
hydrogen-rich gas from hydrocarbon fuels. Hydrogen production via autothermal
reforming (ATR) is particularly attractive for applications that demand a quick start-up
and response time in a compact size. However, further research is required to optimize
the performance of autothermal reformers and accurate models of reactor performance
must be developed and validated. The design includes the requirement of accommodating
a wide range of experimental set ups. Factors considered in the design of the reformer
are capability to use multiple fuels, ability to vary stoichiometry, precise temperature and
pressure control, implementation of enhancement methods, capability to implement
variable catalyst positions and catalyst arrangement, ability to monitor and change
reactant mixing, and proper implementation of data acquisition. A model of the system
was first developed in order to calculate flowrates, heating, space velocity, and other
important parameters needed to select the hardware that comprises the reformer.
Predicted performance will be compared to actual data once the reformer construction is
completed. This comparison will quantify the accuracy of the model and should point to
areas where further model development is required. The end result will be a research
tool that allows engineers to optimize hydrogen production via autothermal reformation.

Key Words : Fuel Cell(@&AXA]), Autothermal Reforming (d%3 7§&), Reactor
Performance(¥+-27] A %), Hydrocarbon Fuels(¥13}4 € 8), Hydrogen Production(34:
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ATR : Autothermal reforming POX : Partial oxidation reforming
GHSV . Gas hourly space velocity S/C . Steam to carbon molar ratio
m : number of hydrogen atoms in SR : Steam reforming

a fuel molecule |4 . Voltage
n * number of carbon atoms in a |4 : Watts

fuel molecule X . oxygen to fuel molar ratio
p : number of oxygen atoms in a X0 . oxygen to fuel molar ratio

fuel molecule H . Change in enthalpy
PEM : Polymer electrolyte membrane Hr . Heat of reaction

* %

AdANEE ey 7)1 AT &
Tel : 055-320-3666

E-Mail : october2nd@korea.com
QA 7| AR}E T s



A 313 KOSCO SYMPOSIUM +=& 3 (2005 = & A) 59

.M E

A FErDdE g AT 32 2HE
A wjEo] §& WAr|del d&stn gt HE
g€ w0z 29EF WEFE Eol7] HAdA
AR ez HEse A8 v @
& BHE A Aok 2 NEEd gL ds
AA FoAd  nRAANE duHA(ld,
PEMFC)7t &g 71 H&371 §& ¥4
oltt. PEMFCE W& 2xoA z2Fsa mj¢
S AYARE A QU7 HE AR HE
of lojA wi¢ Wi WAoltt. PEMFCE
2eAola A AA FFer] AME 98
2N 1&59 48 o2 o

H & 27 A 7oA 718 5§ 4400
¢ HAvts o] 2R 2¥E AYsae F
&o AdHd FFYol A9 U MM Fi
T ¥3aa dsd Ad, B9 e 4 9
£, mpolemize A B9 9T WL
2 QAsjorst g

AFARA AFAe 425 dgAdAd FF
= Bas 248 s 3 gk i oda),
E27tA B FAE L3 E 38rE AlAY

32
)

9 tgd ez AFWEA AFE = 9
B FAAE 7HAZ dY). F48 AR
AAA F bR EAHEL Skl e R E
&9 e @A T duAERolt) 3
B8 FHa9 $R78E MEY ¥ oA
& dgd ugg T3 ok g #
Aldg 7] HAelAde A9 d8TFA
gu) g Agujgg dag g oA uH
v 23 ARFHE e F29 BENAZRE
et Aol ¥ dHL AUAE AFse
EAlojtt, 471 71E dad vE 993 BG
dqUALE= AW HYAHG dyAUEE
e 7] wEolt)

Fhy angd 23 Hgg ¥ o Yasd
oF oH1) A% ¥ wE oMo e@si
A8 NEL QENAE $£49 8724 E WNE
AN 4 & Aotk A ©3lsa d8g 4
A28 MAd7 A wHoz F7 MASR), ¥
43 AAPOX), @83 MAATRI A 7}
A F83 wgo] slow Zizhe] wiye] o)
=&z g

o

o
bl

-

e rih Uy
o1 = ¥

B LmEy 22 oial &

b

N

2. ol X silH

21 321 &
F71 AEL diE FAeA HAst22RE
TRE 7] Aste] b BREFoR A1 85

doltt. F7] A FENEAME 3

d87t F719 EFH ZojolA 3
o] dojupr Fag oitstgiE Aidde
d 2% do] AMgEn. A(1)E WMol F7)
HA sepetgg dodleid 49 kl/kmol®] &
He 2 ¥oe AE ek,

e

A
o
K3

)

AH = 49kJ/mol

71 WA §€ A4AR ddd F7] Adrle
AEd T8 Aol el oz §7] dEe] 2
FAY 2R FRAHA HEErde HY
at2) 2o AA H & oA BgEH 2
g gAtsted, MAdHA & d8% & B
3 2& AAwge o] A4EE] AT

A QA B uig Zo] diggiEs 5
7] @S Fa o g2 F7)9 wEsto o
Asterast 45 AL

CO+H0 - Hy+CO, @)
AH =—41kJ/mol

T57] MENEE BN o] YEo & &
Td £Hog dhgo] dojd Ao 4
A8 Wdzhe

w7 8]

Bass dvtd ez gde 9@t =B
g ALE AT 5 US W FU] AE
HoloH2]. o] WY& F7] Adel vlsteo
1 ot HojAARE F3 wkge] WaEm &
A 4t 21y o] By e Eo
& BY Zaszt 44 45wk 2
M ZE ol gt BEASE Eoje] §5Fof
#glo]l AHEE  deH S8 ALY 0w
2E 7 U dge FRAdsE 4 (3)
& HgHoR BEY 5 Sk

o]

Hore e 2 o off b Sy
ﬁmﬁi & o ¢ Ay L
ty ©
(= ro -

CHy+ 50, — CO+2H, 3)

AH =—36kJ/mol

el A8 thu] AbAel Hlgo] FUlEE wHE



60 A 313 KOSCO SYMPOSIUM =& (20059 % 27)

Al g Fol o F7HEH.
CH;+ 0, —» CO+2H, 4)
AH =—319k] /mol

e WEde A2 Fo] FAHoEN R
Bibst /25 AdsEE 3ol -36 k]/mol
A -319 kJ/mol2 FABA F7tEE A& B
AET F F719 FF] FUtEE dadHe 9
87F F7vste Aolth weA F7) B A9
+3& /P ezA APTY AFARE
ol Re] 7tEdit

23 d&8 N2

dE3 MAL EAHoz FU] NEH B
8o z{olth oL F 1A Ad wES 7}
e d FEE ANAY 2 @Y E4 “P <71
X NP2 dojdth Fa7F AdHGol
QA 7Hg A&AHA Polt. dEH AAL
%7) WA} FEAse 3PY =2 289 3
23 24 #+3L& 2% & A) 71}, ol o g
v 4E FEAE wgozRE wAHE e
él-f*'-."?} At A5 F9 F49 37144 -8
dod d4& I AgdEd. Bt #
%-9-57} =¥ ?ii 719 §71e 25 637

2 FFddh $EEL AAYSE sa F49
o|atgtgrA o] o] A HAEE YA U,

G @& A YoM slg Fad
f2ojth 74 Fad% F A W Adxd
AE vl &M F719 &4 HF(S/O)elnt g
Bo] & wEdvn 7HslA e@dlgae 4
3 4E g At e A G)e 2o

C,,Hm0p+ (2n2zp)H20 +I( 02+ 3.76N2)
— (2n22p+ m/2 YHy + nCO, + 3.76 2N, 5)

A7]A x& 4% dEY H&S v ¢
gL x8t S/Cel wel dedd. 2n-2x-p)E
whgo] Had Hade] g9 Foli, HA HE
o glold s/CHI&e mAA9 FAYL 9] 9
st EH8 ¥A o
oAz I MAL EAE W

£ &HEA] @ @ FHAAAM A 2
ANZES AFARE W@ G2 AALS BRI
}11;}- :§. ‘3‘3 ‘I"—)l‘-%57}' =il 07] 7“’—'33.1:" %
Hutrgol Foh F BgoAA F719 Hubel 9
& dAFo] #As ‘4%-011 dge Atstel o
gAY 259 F7tE 3o Fujg 27
E hs4de %’J_’r_’\ﬁl‘:}. 483 Ade oudH

AEE MAE 5 s 2¥EEIIE aTsle
Zo] & & Y3l ojE & 5L zAF A
FFAY 44 FadedNREE A% €%

FoEdd gur. ¥ Ee g2 2en
e SHEEE ATY 5 o=z d8aA
AEAE F2E 2] A8 n8E + Ao

rlo At

3. 2238l 7HAE7|9 5'_'%%'
g AE g7l 2VIRLLe W
TXEE R ME 23¢ A5 %S}m’l
ol H o @743% A8 2dg &siFs ﬁ.ﬁ\_ ol
Be2 7hgste @l AR, ok 7I8FHY
N ARE oFsted =€ & F Utk ®
T GES A A g stEdF o
@&e EFES ol8F F dEe AT FAS
gilrida EHEY AAE Jbedi e
< F2E QA s F& dsolt dg
2 HjuH ¥ 2E(250-400C)A4 ML
‘F AR, AAHAAU HeodM #28 5 lod
dAPHE AL 5 Ao vgge s A
AL H6)F Zo) oA Wgoz Yl
ot

)
' #%
."_=_

CH;OH+ £(0;+3.76N,) + (1 — 2z)H,0
— CO,+ (3 —2z)H,+ 3.76 2N, 6)

S/Ce ol Wad B HaAFoz sHHsY
I o) we} i dge Hgg ¥4E de
W (-2x)7F 8. ddbHQ 43 HesHe
S/Ce 19 HEg ¥y A

Hgde Bgdte B FEUEAANE e
el Bgest wgEe 44Ee A2 Aogdo
(AHr AHpmducts - AHreacmts). é‘](6)°ﬂ}"‘ '\\_].'-)-x‘-,
A, T4 WEEIN YPES Y4dol BF
Ool22 wgd dEsl MEe BHgEe 4N
o] zighs & 4 Qloh

AH, = H;co,— (1 —22)Hypoy— Hypery (7)

F719 d89 ¥EY 52 urEds A4
gozH dgy AE 008 US| FE FHFH
F719 989 ¥E)S 7Y 5 U AsA
o] ML 100%2 7MA s gk wgdS
x = 0(SR)IIA x = 1L5(FAA2)7HA x9 T4
2 U9 Fig 13 2o g F3uls x
> 057HA A4 e} A8 H& = xolz, SC =
1-2xolt}, o] N AN & wrgolM o o4
2H)ER GAN ALAMHEL YA U x, =
0230914 dFH™WMH, = 0)& A&s] Fold



4 313 KOSCO SYMPOSIUM =& (20054 = F4) 61

ATR of Methano!
AH, vs oxygen to fuel ratio,x

I

Tl S~

Y. T~
F .

=~1m‘)

0 025 a5 075 1 1.5 15
VACHION, x

Fig. 1 Heat of reaction of ATR of
methanol vs. oxvaen to fuel ratio
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Fig. 2 Efficiency of ATR of methanol vs.
oxyagen fuel ratio
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ATR of Methanol
Equitibrium Mole Fractions vs SIC
{x =0.25, T#250 C, P =125 kPa)
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Fig. 3 Mole fractions of products vs. S/C

ATR of Msthanol
Equllibrium Mole Fractions vs. oxygen to fuel ratio, x
SIC =15, =250 C, P=126 kPa
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Fig. 4 Mole fractions of products vs.
oxygen to fuel ratio
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Fig. 5 Mole fraction of products vs.
temperature
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