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A decalin dehydrogenation / naphthalene hydrogenation pair has been proposed as a
effective hydrogen carrier, in which catalytic decalin dehydrogeno-aromatization takes an
essential role under reactive distillation conditions with waste heats ( around 200°C )
Carbon-supported platinum-based catalysts in the liquid-film states gave one-pass
conversions of decalin into hydrogen and naphthalene, exceeding the limit of chemica
equilibrium with irrespective of naphthalene content in the decalin solution. In this paper
we emphasized the advantages of this decalin / naphthalene system for long-term storag
and long-distance transportation of hydrogen superior to other systems from the viewpoints

of hydrogen contents and required exergies.
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— 37 —



KFETFNAF—L AT A Vol.25, No.2 (2000)

Hydrogenation reactor Water electrolyzer

| |

L]

\\\\\\\\\\\\\\;

ﬁhthalene hydrogenation
Xdrogen charged up fro
ower electrolysis

~

,7
sgortatlon of deca]m
naph alene b

\__tanklorry

%\&W}ndpower station
—

Naphthalene

Decali

[ Decalin Stand |

%

Replenishment of
naphthalene fro

fuel cell car as
renewable waste

J ﬁ
Decalin supply t
fuel cell car fo

on-board H

A moving fuel cell car
driven by pure hydroge

Fig. 2 Infrastructure system of Ha/ Oz fuel cell car by use of renewable energy resources such as windpowe

(Wb : 25D 195.8C, hFVA-FH Y~
187.3°C, 77 % 1> 217.9C ),

(5) BEFD 7 I INE o T—, B ra—)—Ip %
LML LT, H VU AX Y FEETER - La534%
ELT, AVT TR NI I F 2T IR EFDEE
57 LW TCED, T, FUX VAL E AR
FIECHALERIZL DT H U VIR LRSSy
BEEH, KA DOTEZ X v VERE LIER)HTH
ST, FT7HLL T h ) CRFHESEIN 6 DR
TRERT AT THREEIIR, Lb T 7 H L
BRI ( AT TH LY FLy, hmysy

E) R LFRY hn—amrRL, OLLETS,
BRI | ARE S BEOREE R A SV s s
/ PR EIRIERTCH D,

THY | FT7E RIS DKEDRTE - waik
AT LOEMBT, AR COT Y o9
DKEARSHTTH D, EOMNIR S > THID THEA
PRETRER - SRR & LT, OB IR L e e
BehEREO, —HlE LT FTHIUBKE - TS
U U kSFBACRUSS & RV iz, BREHE BT - B
KEHHEY 2T L%K 2 18, BIREBEOBMKE
CEFEDT )NV AB U R e AT FANZ T F 2T



KFET IV HF— AT L Vol.25, No.2 (2000)

ERAHEY, AR INEF—PEHBEEE T LD
AR TH D,

HEHOMANFEE ( KFEARREE ) 2851003
A% T OMET CHRFRBKESIS &1 TN ﬂﬁﬁx/
AR A M o om VKBRS 215 5 Bk kv,
EfoA K — N EOEARRR I NN KRR,
TUREME CoA T Yy FHERE VT AR
bHEEZLND,

T ) BRI BSOS b A Ty it
v & RIBRIR BT, BRI RIRIZ AR Th 5
|71, OB ARIHIRI A EREE L, 200°CRERBE DEEN72
i J%%#Tﬁfﬁ U inb R R KEA LSS

« Bor USRS 41T, TO0 Y iR

m«ﬁ@;ﬁﬁ FRABA L., BolfiammolER -
PUGBTESRAF DML, 72hC b IR ORF Dt T
SRESMEZ SN T #ﬁéﬁ%ﬁof 7= [8-11], ¥HV
D8 ORI e TR SRt
AT ZE P RYIRY sﬁyjﬁp ZOWT LAY 5,

\\\\\\\

3 RREHFASRMEZAVSRIERTH U LEK
RAEERICECORE

3-1 RRIEFRESRMIEORE

& 5y U EOK S CRiLE 151 LTI 7 aff
FLTO OH BN F A3 ieE 4 m s o sk IRRIE MR
[161( BEREEYE# (R &, KOH %, BET thRmis
3100 m2 /g, FHIMFAAR 2.0nm ) 12, KePtChokERik
& 5T KoPtCly Helr Cls IR G/KIATR & &13 S W /214,
NN NaBHa KA CET (90°C ) LTRSS Py
it (5 wt-metal% ) B L OVPt-Tr EA8GEME (5

30

wt-metal%, Pt/ Tr=4) #FEL~ [15], Bz, &R

TR R P AL 7 S RAT IR

=k (W(CO)s ) Zni. /KEFEFS T TNy
P (240°C ) T2 & o uahriak (1517148 L.
REEFPC-WHEA B (5 wit-Pt%, Pt/W=1)

P~ 18],

3-2 FER! A K DAk TH IR
FFRBOK RO E R AV, T8 U kR

LA SR G HE T ST [8-11), EIPETEED
IRFEAFF A SAE FUTARRIZRD | Hx OIREDT
J ) VR AR I Z, SNEIEENEE 210°C, mENREE 5C
DOFFERTEA 278 Lo ERUKERRS 2.5 B, 15
SEFCEEBH L, IEMEORMRE Us, F7o, X
FHETHAETO GC OB, ARKERICRE YT
TH U BRSNS « BRSNS Z L ATEDD
7o

Wiz, SRRSO & & LR USRI AR L >
OSBRI B GEFRGEI L, EERiR & &R E
BB 5 R L D BREE 2k 7 [89], FEx D
REOFH ) o RizixT ) v - T 7 5 VU ARBIRIR
2 DFEFGEERS L UBUSEED DR 2R L
FIIEOIREREE & OBYRA AT, BT, R
S BRI IR A EBEHRAT S Z LI 80 IR
B & il oI ERIE AR B DN AR & OBSRA K
i 110,11,

3-3 REBFASRAY O RIEKE
—iEH (0.75g) ORERFAGAILIX LT D
U DikER 20, 3.0, 4.0, 10 ml 2L XHE, g

25 >
20 o®
15 o®

10

5 D[]DD:]DD O

obdT L L .

H, evolution / mmol

1%

A
AAAT

005115225 005115 2 25
Time / h Time /h

Amount of decalir ( 0 : 2.0 ml, O : 3.0ml, & :4.0m], A :

I
F
e

05 1 15 225 0051 15 2 25

Time / h Time /h

10 ml)

Catalyst : Carbon-supported platinum particles ( 5 wt-metal% ) 0.75 g
Reaction conditions : Boiling and refluxing conditions ( heating at 210 °C, cooling at 5°C )

Fig. 3 Relationship between liquid amount of decalin and hydrogen evolution
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Table 1 Rate data for catalytic decalin dehydrogenation in the liquid-film and suspended states

Liquid-film state

Suspended state

Catalyst / substrate ratio (g / ml)

Rate constant : £ (mmol /h)

Retardation constant : X (ml / mmol )

0.75 /7 3.0
27.8
2.1

0.75/ 10
5.4
10.9

Catalyst : Pt / C (5 wt-metal% ) 0.75 g, reaction conditions : heating at 210°C and cooling at 5°C.
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Fig. 6 Rate of both hydrogen and evaporation and one-pass conversion
at the initial stage as a function of liquid decalin amount
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Fig. 7 Rate of both hydrogen evolution and evaporation and one-pass conversion
as a function of naphthalene concentration
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Fig. 8 Time courses of hydrogen evolution from decalin with platinum-based catalysts and
one-pass conversion as a function of naphthalene concentration in the liquid-film state
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Table 2 Comparsion of rate data for catalytic decalin dehydrogenation
with platinum-based catalysts in the liquid-film

Catalyst Pt/C Pt-Ir/C Pt-W/C
Rate constant : X (mmol /h) 27.8 56.8 95.2
Retardation constant : X (ml/ mmol ) 2.1 33 4.9

Catalyst : Pt/ C (5 wt-metal% ), Pt-Ir/ C (5 wt-metal%, Pt /Ir=4), Pt-W /C (5 wt-Pt%, Pt/W=1)0.75 g,
amount of decalin : 3.0 ml, reaction conditions : heating at 210°C and cooling at 5°C.
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