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Abstract — For effective power generation with fuel cells in low-oxygen environments such as submarines and
unmanned underwater vehicles, a hydrogen source which has a high hydrogen storage density is required. Diesel fuel is
easy to storage and supply due to its liquid phase and it has a high density per unit volume and unit mass of hydrogen
that required for driving the fuel cells. In this paper, diesel fuel was selected as a hydrogen source for driving the fuel
cell in oxygen lean environments. In addition, the aqueous hydrogen peroxide solution was suggested as an alternative
oxidant for hydrogen production through the diesel reforming reaction because of its high oxygen density and liquid
phase which makes it easy to storage. In order to determine the characteristics of hydrogen peroxide as an oxidant of die-
sel reforming, comparative experiments were conducted and it was found that hydrogen peroxide solution has the same
characteristics when reformed with oxidants of both steam and oxygen. Moreover, the commercial diesel reforming per-
formances were analyzed according to the reaction temperature and concentration of aqueous hydrogen peroxide solu-
tion. Then, through the 49 hours accelerated degradation tests, the possibility of hydrogen production via diesel and
aqueous hydrogen peroxide solution was confirmed.
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Table 1. Catalyst used for diesel-H,0, reforming test
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Fig. 1. The schematic diagram of experimental setup.

Catalysts BET surface area (m?/g)

Active metal surface area (m%/g)

Fabrication method Supplier

Pt (0.5 wt%)/CGO 35.11

0.96 Combustion spray method Praxair

Korean Chem. Eng. Res., Vol. 53, No. 5, October, 2015



586 Fege- - wlA - g
Table 2. Operating conditions for comparison of H,O+air and H,0,,,*N,
T (°C) H,0,(,,) Concentration (Wt%) OCR SCR GHSV (/h)
(a) Case 800 22.5 wt% 0.2 3.0 11,740 3 ml catalyst Vol.
(b) Case 800 48.6 wt% 0.5 3.0 11,740 3 ml catalyst Vol.
90 Table 3. Operating conditions for diesel reforming performance tests
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R 0 2%2(aq)
£ 10 TCO) Concentration (wt%) OCR SCR GHSV(h)
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5 60
s 50 700, 750, 32.1 0.3 3.0 10,000
= 800, 850 40.7 04 3 ml catalyst Vol.
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Table 4. Properties of commercial diesel and synthetic diesel

2] A TH 7S $18l A 578 (Fuel conversion)d} 712
A & (Reforming efficiency)©] o] &% 0H, A 2= 717} 2] (2),
(3)7 24
AF A 3E-(Fuel conversion(%)) = (CO+CO,+CH, in products)
/ (Carbon in feed fuel) x 100 )

71 A8 (Reforming efficiency(%)) = (LHV of H,+CO+CH,)
/ (LHV of feed fuel) x 100

ok

Ll

=2 fAe] &+ = ¢t} Z12]1} Kang et al.]l
FH 8- t] A2 n-dodecane 70 vol%¥} 1-Methylnaphthalene
0 vol%s Z3tate] Rk tisdns RAIS o AL fAkst
N5 Btk oA glom, s 52| 5432 Table 4
o} Zri[16]. wpebA] A-gr]Ae] AT AES g olsta, gt A
H v e A F AR AEAE o8-8kt

AL o=

Y @
o

A 3}s)r AL
-

o T -0

b,

o (T A2
a:)

o}

NW

>

2-3. &M
HES710A A E M7 A= AGFAE S8l Bol AlAR ¢
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Contents Unit — - Value —
Commercial diesel (GS Caltex Oil, Korea) Synthetic diesel
LHV (Low heating value) Jig 42,430 42,651
HHYV (High heating value) Jig 46,490 46,732
Density kg/m’ 832.3 823.9
Amount of aromatics wt% 18.1 36.5
Amount of sulfur compounds wt.ppm 4 -
Chemical Formula - Unknown Ci16H195(CioHyg : 0.7, C Hy : 0.3)
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it

ol-&% tlANd 7k B 587

22.5 wt%(SCR=3.0, OCR=0.2) =71 wj9] 2 Av}o|r, Fig.
3(b) Hy0y,,) 2 5571 48.6 Wi%(SCR=3.0, OCR=0.5) 2114
uj o] o]} E3t Fig. 3(a),(b)oll W2 F A9 25 duidst
&S ok 100%7F %121, Fig. 3(a)2] A$ 54 558 77t ¢
66%, Fig. 3(b)2] 3% 60%F B WA ST ]| 79] AT T4 +5
Eo HeIth whebA] 1 AR vl dS S8l 0,5 A
wafate] oA ARl o] 8 Al 7]E2] 37
ol gz A} 2 Avks Witk &5 U 5= Uich AtshA|
A3 Al 24 2 A8 deHg2] nAgh 2fo]= HZ, MFC 2
GC 57 Aol WAsk= eakz 1H=31eitt.

Ao A= sl go] ellE wf Bk Rl
HAR-Goll A THBIA] gigkoLt, o] BaldS A5 kW =
28l MAE AAS o) Aaelea

99]\

SR Auy] AANEel o828

©
b
tlo
24
oty
2
i

3-2. O JEds 871 &8

Frof uE A A Halel tiste] A3 sk 3}
T FEN] Frof wE} SCRI}F OCRE #te] A==, + A
=

o= SCR=3.02.2 1173} I3lrE4 9 5o w2 OCR

S H4E A AFFAT} Yoon at el.2] AA7-ol wf=H FFEE 4
S712] oFo] Frkshel uhe} e Ao digh viide] 471w, J1A
A8 eaFAS B 18sels vl SCR=3.0 2710] T
Al 745k SCR groletar dsiglvh12].

= ANAA T 7 A AsE AEUAARE o] 83t
Atk OCR B 2 %of W AT HE-ES Fig. 4a)°ll LERIS 0.1,
TEg FQlH AR ol st A E o] B0 v &S
UERY = ol A S Fig. 4(b)ell YEPASITE o=@l 4
NA Al B E = 2 ARslra A E S SARAS wEA
Freshs w4 A7 AR dEA ATH12,20]. o2 @ =S H4
3} 3k A2 AE AAslor A7) Mg so) giE R oloEE,
2t Agkslra F olgwle] S gelsisic),

Fig. 4(a)°ll 2|3 800 °CO|H-E & EE OCR X714 <F
100%9] AEHETES A& F AUTE 2l 750 °CollA =
OCR=0.2 Z71ol|x AT AZE0] oF 95%= 7H4stl e, 700 °C
ol A& OCR=0.5 1S A28t d Joollr A7 A5dseS
H3ITh Fig. 4(b)8] 700 °C 2715 AR, F5EE AkAe] ool
7Vl wet old 2] Aol hastE A& E1E = gl
=, LEF0A FFEE AL o] SNl uet AR

[e)

o] Z7kstaL oQRe] Aol Fagh. ol Aol & A
0] o] Z7heH ket £ 2L S ol ALuE A

ool A 7N
a7t AFA 07 Wkl Fojato] 'l AES 53
a5k 7] wliouh. Edt Abs o] S1e
7k, o) 3ol 9 FulS L
FEsh AR ow M e TN B8 &7
o2 A A8y odal S vEslS
800 °C ©]-& FAIStL & OCRANA TF5EFE 7
T o 5 vk
>Rz wE A e BlaE $l8 Fig. S(a), (b)2+ 2ol 7t
7} OCR=0.2 71, OCR=0.5 7104 %ol whE w22 4

Korean Chem. Eng. Res., Vol. 53, No. 5, October, 2015



588 Shgg-
100 (a) @ * 1100
g 90 190
c 80 180
2
£ 70 170
z
S 601 ——ocre02| 150
— —e— OCR=0.3
g 50 - —a— OCR=0.4 150
'S —v— OCR=0.5
40 140
700 750 800 850
Temperature (°C)
0.5 : , : , 0.5
(b)
3 0.4- {04
£
° i i
H 0.3 0.3
=
S o2- 10.2
o]
g
0.1+ {0.1
IN
© 0.0 {0.0

750 800 850

Temperature (°C)

700

Fig. 4. Reforming performance test according to temperature at
SCR=3.0, GHSV=10,000/h (a) fuel conversion and (b) C,H,
amount.

e

12

o

X

n o

e Lorr & oo iy o ot

9 AR EES JERIITE Fig. 5(a),(b)elA] 842
AFEI(TES, thermodynamic equilibrium state)l 4] €]
i.%.g_ L}’F/}’LH-L— )]\:]'% /KE]}‘\jS /ﬂxﬂ )\164@37,]_ }\gk]
A &S vERITh Fig. 5(a)o] =7 800 °C o dellA=
Y A G54 FF g A Q) A= A 27 N2
HERHSITE. 800 °ColA €] 74 23 A & 27
101%% &35t S48 MAEE] 100%S ZH8H= o]
25==800 °C, SCR=3.0, OCR=0.22] >-H 71| A= 7| nkg-
—E—?—EHP—&OW wzolet. sl 271l Hkg-o] Yo}
Soll Bogh dFs sl Folok o}

o

FN
ox
)

=

Aui

I
N
==

BHJ

\j
-

i

A
7

=
[e)

I

$ R o 2

=

E (<3

¢

T
|
B

F}ﬂi:
> 2 o

ﬂJR
of
filo
ok
EU
ol
ol
%‘Z
_Q
P
@
o
offt
_?L
:\':
N,
toi
to ¢

oIgko H

20 = -

o etk Rgror

o ol
o
rlo
S
<
=<
N
N
i
é
rkﬂ
(I

F((
<
o0
()
(=)

i}
(@}
E

o
o
é
>

xélp:]— ) g]_b’l—)do] o]-b] 1:];4113/\]. qigg °H 74]}\}9 %ko] g o]
o} 22 Zo)7} Q= Flolgk AkR H L. Fig. 5(b)t OCR=0.5 %71
o A8 233 MAaE gholl thst A3yt QoIeh4] H3g A<
Zroltt. AaAzte] oskA 700 °ColAF-E 850 oC7FA] A G el
doiekz] 3y grofl s A MAEES YERISIAL, 800 °C

R
R

oM ] Fa FHES OoF 59%01H, A TEL oF 0% S
ot} Ak FEEro] Wold 4= wkl ofo] tyAlo] Akl ¢

HESol) ofaly] wpiel 4 ARRo] A} FAle] o) she
9] o] S7VBHER, OCR=0.5 27104 OCR=02 7114
sk g stob A ek, weA Fig 49} Fig. 5% F38191

Korean Chem. Eng. Res., Vol. 53, No. 5, October, 2015

° (@ e -
E 100 & 4100 é
O, 80+ {80 &
T c
3 °

N 60 L—" " 160 2
-4 =7 Efficiency £
< By ®
s 9 - e -
E Dot-Line : TES E
- Symbol-Line : Experiment
g 20 ot e w420 5

............................... S
3 &
g 04 . v 10
m T T T T
700 750 800 850
Temperature(°C)

_— (b) I Efficiency Dlot-Line:ATE-S ) ' j

g 100_ :zg y ‘Symbol-Line : Experiment i 1 oo ;\?
P e =

v .

O, 804 — S - Jdso @
T 1 c
3 2

~N Q
=" 60+ 160 £
$ 3]
S lo 2
£ E
§ 20+ 420 %
° (14
© 0 . v v 40
& T T T T

700 750 800 850
Temperature(°C)

Fig. 5. Reforming performance test according to temperature (a)
reforming efficiency and product distribution vs. reaction
temperature at H,0,,,, conc.=22.5 wt%, SCR=3.0, OCR=0.2,
and GHSV=10,000/h, (b) reforming efficiency and product
distribution vs. reaction temperature at H,0,,,) conc=48.6 wt%,

SCR=3.0, OCR=0.5, and GHSV=10,000/h.

80— . . . . 80

O

2 70 470

L Hz" h.q* ] LT T LD W P ™ apuniy

O, 60- {60

I 4

o3 50 450

N

Z 4

O 30 130

£ ol

-g- 20 c QA x‘:: x oo ‘hm |::' 20

'g 10 TcH, 4110

£ ol% : : : peee"" |
0 10 20 30 40 50

Time(h)

Fig. 6. Product distribution according to operating time for accelerated
degradation test at H,0,,, conc.=22.5 wt%, SCR=3.0, OCR=0.2,
T=800 °C, and GHSV=10,000/h.

o], eFg <l 7ARESI E 391 AR 218l 800°C o
o] 29} tiEo] HA3 OCR ke Algsfor ghe & 5= Qlrk

3-3. A7ids A

Zu 9] 7143 S glal 3249 LA F A8 AsEo)
100%°] WAL AbrFwEe] A2 7HEe 27121 800 °C,
OCR=0.2, SCR=3.0 =715 #l5to] 7| Ae A& Haysialct.
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deo] FAH S7Iste] AP St E1d ) s A
Ko g AEkg o, o] 2 QlEl] WEg=o] A UHA] XE
3L HRS717} w2 2734 (Clogging)®] =% 1t} SCR=3.0
Z08 FASIEE OCR=0.2 2713} o] Abngao] v =
Aof|M = wke] ezl #fo] A|&2] o & hgsh, o] & 1%k /iA
71 AR @ 227 Aido] oprlEE A oR skt

=
B 490710] H5s DB L Fol A, IS4 S ol g3t
AR TP S AR 5 UATE OCRS o] F7H42 3

ERI919E 22.5-48.6 wi%2] Hy0y,,) E=0AM 557 100% A=23H
£& B3 O0M, H)0y,,°1 57 o bdas v A7l ol ddll A
‘Jego] Fhashs AES meke 4= 9]l 53, Phlslra g2
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700°CellA] 850°C7HA] A Ads A8 AT BE =004 100%62]
AT ASET NAEE] 70% o1 741 = Atk T3 SCR=3.0,
OCR=02 Z71e]A] ZaH 49717k 714 sl 3-8 A sgsto] tj A,
TSRS B3 AR 75 S ER1E T

#Z A

B o= ekl -4 (ADD) A5 AR 9] A QS kol
FHEAF U =3t v zais o] Ao skl
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