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ABSTRACT

In hypersonic aircraft, increase of aerodynamic heat and engine heat leads heat loads in airframe. It
could lead structural change of aircraft's component and malfunctioning. Endothermic fuels are liquid
hydrocarbon fuels which are able to absorb the heat load by undergoing endothermic reactions. In this
study, exo-tetrahydrodicyclopentadiene was selected as a model endothermic fuel and experiments on
endothermic properties were investigated with pore structure controlled zeolite catalyst using metal
deposition. We secured the catalyst that had better endothermic performance than commercial catalyst.
The object of this study is inspect catalyst properties which have effect on heat absorption
improvement. Synthetic catalyst could be applied to system that use exo-THDCP as endothermic fuel
instead of other commercial catalyst.
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Fig. 1 Cooling system based on endothermic fuels[3].
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exo-tetrahydrodicyclopentadiene(exo-THDCP)

FddAgsE AR

=4

Alg Aughy] el Zafut

B/
el
ojn
olJ
N

b
N

<
a

)
—t—
o
N

el
TH

+od

S

S|
=

Al =El 9] Fo

olm
—_

Il
<

s o]

=
g FANE Fad ATHA e 4,5], ©l

At} exo-THDCPO| W& A

3]

AR} APEREA HA F

2 o7 v o

E

olo
Jant

il

fasl
il

ol
s

Zkolty. upt

L
pu

s

24 =™

N EESD

s skt

al

BA7

o =1&

AFAHE A2

£

A

N
nr

=

e
1o
]

Bl
=

ol

Oﬂo T
i
o AW

70

A
v

2F ZAS T AA @A I A

o oar

N o

Aol A

e g Ful[21sh 715

Ll

o] YAt 7]
ol

el
B Jo
<WTe
T BV
do

»AQW‘_

<k

&

Wlasha g

= =
= =

Kis

™

il

—_—
o

el 7149

froel

exo-THDCPY] 3<g&

He

HE s

=
=

i

=
=

o =
Rakis



= HEcto[EA Fofe| 7[3F= =HE 8t g3/
H1s@ M55 2014. 10. Soiap spAr oo 97
; ——HZSM-5
Table 1. Model endothermic fuels. I
------ Pd/HZSM-5
Struc Critical BELRROA R AR e A A e La/HZSM-5
Fuel type Formula . =
-ture point s
exo'—tetrahydr CroHie ] 923
Rin odicyclopent 428°C E
& adine ﬁ% 36.6 bar o
(exo-THCDP)
1(1)0 . 2(1)0 . 3(‘)0 4(;0 ‘ 5(‘)0 6(‘)0 . 700
2. = 0 & H| Temperature (°C)
Fig. 2 Ammonia TPD of catalysts.
B ATANE FANS FHL 9T Fuiz
AEetelE  FWE  AMEstAT. AEST= Table 2. Physical properties of zedlites.
ZeolystAlZ5-E]  ZSM-5(CBV2314)E &1 3}
AL E3FE T Fuj Ao = o)L 9] HEejyl SR F B];:T Mesopore | Micropore
surface
o= wojglora 550°C, 6A1F FF 4435t area voh;me V01131me
HZSM-52 w5l B4< 2 stk (m?/g) | (cm/g) | (em/g)
242 okole FE o AFEL o]lewdH o Commercial 429 0.219 0.25
Z X9t A E 24X E2EE £ 3714 Pt/HZSM-5 417 0.212 0.23
2 Pd, Pt Laolt}. o]EL& 7|=d] &3ldie Pd/HZSM-5 415 0.210 0.22
B3] ubSol| @o| AL EW ot F& 29X La/HZSM-5 | 416 0.211 0.24
£ 98 AH8E A2 Palladium(l) nitrate
hydrate(205761, Aldrich), Platinum(Il) chloride Q18t 4= It} Table 2= BET 45 53ty 2zt

(206091, Aldrich) Lanthanum nitrate solution
(35204, Fluka)©]T}.
w5 94 FAL b3 2o 4 dele =
%5 01 M & 100 mLE FHlgth o7)d
vl 10 g= H7HE f’F, 80°Cell A 3"]”%‘”& a
Witk wdko] fhgH FHvle o3 F 120°C
gk %, 550°C, A4 E°
2k ey gt
Aol B g FAREE Ao ES]
A (Acid site)oll A A sh=H|, o]HE A4 5
e 93yl $3te]  NH;-TPD(Ammonia

temperature programmed desorption) &4&
F3ste] Fig. 20 Yelliid. 542 AT
AgTolEx 48 AETolE] Hls| 2bx o]
Ao & g A ole Al&delES TFel
w&ol FAHUA AHES 7] fEold. ol
Al w0l 71eE e AE Table 28 T &

Ageolee) J)gTz

S A Agelt). of
S 24
— O =

A AeetolES AHL ul

N Az BHHY 4TS 53

3} 10 ml/min®]

Aues vl =9
g FAsted, olne] 2= A

7] (preheater)
o Zali7F Al

2t 7] Ao 2E(400°C)oth. dlFrlolq e

ARE Zvjk AAE W

e ERT. E4

7F AXE 9§77l x(Furnace)s T3 HIFL
=9l 550°C7J}x] 7ld gt v r)oE EujZo)

A E o9, FHulE FAlHo= Stainless steel
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Fig. 3 Flow reactor for endothermic reaction.

Az d 440 Feie gz slow, i
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2(NIST)ol A 7§38t SUPERTRAPP & 135
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Steel®] U, 253}, HES T3l S3Ah
SUPERTRAPP Z 218 t}3dl a3lyirse
2o B4 =213 =4 HolHE &= %
FExAddd wet AjtetdFeE z2agolr A
Ao A HxHE FIEAE AT7HE =EoAM=
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2o EE Fig. 49} o] pellet FEjE A F3}
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Fig. 4 Catalyst pellet.
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Fig. 5 Heat absorption of exo-THCDP.
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Fig. 6 Conversion of exo-THDCP.
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Table 3. Product distribution classified by number of

carbons.
Cc.)mposi below C10 10 above
-tion(%) | C1-C4 | C5-C9 C10
Commercial 9.3 11.2 7.2 3.2
Pd/HZSM-5 9.9 114 8.4 3.5
Pt/HZSM-5 | 10.1 11.2 9 29
La/HZSM-5 | 121 13.2 9 29
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Fig. 7 Product distribution classified by molecular
structure.

71 A" 4 weE
ottt Lao] HAE F

I AHE F Cl-C4 ARA
g3l Hlgo] ot
HEsth ol Lac] & F50) HIE &
kg0 fEdly] WEoz sAdn. o]
AA v Zo] o] &= exo-THDCPE
FASR ALEEE ASol 2 VERARE &
2 7HX7}F Stk

o
L

i T 4y oo

e X ook 2 ;& o I 2
l
lo
b bt e

b o o

b o

ol
ificd
of

o

5 7

FRFAFAY Gevgol g VEE >
PapEA Lo Bold TASE 02 ATEY
A7 4WE FAkn JHE FHY + dolA
AU 018 Ba Az A4 £53

a Y yoprt A AP A7E & 9A I
5

BAY F Qe



100 HEE - YSY - MW - PN - FYE - BB IR
References Methylcyclohexane over Nanotube-Supported
Pt and Pd Catalysts," Energy & Fuels, Vol.
1. Sobel, D.R. and Spadaccini, L], 18, No. 5, pp. 1429-1433, 2004.
"Hydrocarbon Fuel Cooling Technologies 5. Shukla, A.A. Gosavi, P.V. Pande, ]V,
for Advanced Propulsion," Journal of Kumar, V.P, Chary, KV.R. and Biniwale,
Engineering for Gas Turbines and Power, Vol. R.B., "Efficient Hydrogen Supply through
119, No. 2, pp. 344-351, 1997. Catalytic =~ Dehydrogenation of Methyl-
2. Kim, J., Park, SH., Chun, B.H, Kim, S.H., cyclohexane over Pt/metal Oxide Catalysts,"
Jeong, B.H. and Han, ]S, "A Technical International Journal of Hydrogen Energy, Vol.
Review of Endothermic Fuel Use on High 35, No. 9, pp. 4020-4026, 2010.
Speed Flight Cooling," Journal of the Korean 6. Huang, H., Spadaccini, LJ. and Sobel,
Society of Propulsion Engineers, Vol. 14, No. D.R.,, '"Fuel-Cooled Thermal Management
2, pp. 71-79, 2010. for Advanced Aeroengines," Journal of
3. Petley, D., Jones, S. and Dziedzic, W, Engineering for Gas Turbines and Power, Vol.
"Analysis of Cooling Systems for 126, No. 2, pp. 284-293, 2004.
HypersonicAircraft," AIAA 3rd International 7. Kim, ], Park, SH. Chun, B.H., Jeong,

Aerospace  Planes Conference, Orlando, FL.,
US.A., ATAA-91-5063, Dec. 1991.

. Wang, Y., Shah, N. and Huffman, G.P.,

"Pure Hydrogen Production by Partial

Dehydrogenation of Cyclohexane and

B.H. Han, ]J.S. and Kim, SH., "Improvement
of the Heats of Reaction in Endothemic
of  Methylcyclohexane — with
Zeolites," Catalysis Today, Vol. 185, No. 1,
pp. 47-53, 2012.

Reactions



