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Study on reversible sorption of hydrogen over carbon or cabon-metal
complexes
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The syntheses of carbonaceous compounds which have large abilities of the storage of
hydrogen were investigated and the sorption of hydregen with intercalation compounds and
amorphous carbon-metal systems were alse investigated.

Mesophase spheres which have lamellar structures like graphite were synthesized from
several aromatic hydrocarbons containing a five membered ring. Acenaphthylene yielded
large spheres (ca. 1 mm diameter) and a new type of sphere in good yields under several
reaction conditions. It was found that any type of carbonaceous compound can be synthe-
sized by choosing proper reaction conditions.

Catalytic graphitization of four kinds of carbon fibers, carbon black and mesophase
sphere was investigated to produce graphite-like carbons which form proper stages of inter-
calation compounds with potassium. By controlling catalyst amounts and heat-treatment
conditions, various carbons of desired extent of graphitization were obtained regardless of
the kinds of starting materials.

Intercalation compounds with potassium were synthesized using several graphitized
carbons and it was revealed that the formed stages and the ability of hydrogen sorption at
77K were depended on the structure of graphitized carbons.

Hydrogen storage with amorphous carben materials impregnated with transition metals
at 350-450°C were remarkably depended on the size of metals, coverage of metals, kinds of
metals and the temperature. Hydrogen adsorbed dissociatively on the carbon by spillover
phenomena through metals and the active sites of carbons were their radical sites.

Based on these results, it is promissing to design the syntheses of the better carbonace-
ous compounds for the storage of hydrogen.
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Table 1.
five.membered ring.
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Yields"” and optical features of carbon from aromatic sample containing

Without catalyst

With AICL;®

Carbenization temperature

450°C 600°C 450°C 600°C

Yield (Y: %) and Features® Y F Y F Y F Y F
Acenaphthylene 2 52.0 SM 47.2 FS 92.3 FS 65,7 F§

8 63.2 SM 59.3 FS e — e —

o 84.3 MCF — F3» — — — —
Decacyclene 9 98. 8 Non 72.2 FS 94,8 CM 92.8 Fs
Truxene " 69.0 Non 62.3 Iso 8§7.3 F5 76.5 F8
Acenaphthene 9 — 3 — S 91.1 FS 58.6 FS

9 42,0 Non 39.8 FS — — — —
Fluorene ke oo S — S 80.3 FS 54,2 FS

5 — 5 — g — — - —
Fluoranthene 9 — S e S 87.1 SM 60. 4 FS

) _ g _ g - _ — _
B Carbonized Yield (%)=——icight of coke (&

2

B Abbreviation of Optical Features

weight of hydrocarbon (g)
0.3 mole ratio to the aromatic hydrocarbon.

SM: Spherical mesophase, LSM: Large spherical mesophase,

MCF: Mesophase like chrysanthemum flower petal, Iso: Isotropic,

CM: Coalesced mesophase, FS: Flow structure, Non: Not.carbonized, S: Sublimed.
#  Non-refluxing carbonization, rate of temperature increase 150°C/hr.
5 Non-refluxing carbonization, rate of temperature increase 600°C/hr.

[>]

Refluxing temp.: around 380°C.

N

Refluxing carbonization, rate of temperature increase 150°C/hr.

The carbonization temperature incresed after the reflux ceased.
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Table 2. Crystallographic parameters of car-

bon fibers
HTT
dype/Le? 1, 400°C® 2,000°C®
DD’E(A) Qo2) 2, SOODCU 0' 5 hr 1/2 hr
1soPCF — 3.417/110 3.358/>1,000
PANCF 3.414/100 3.388/110 3.357/>1,000
PheRCF — 3.411/94  3.357/>1,000

MesoPCF 3. 368/320 3.362/250 3. 358/560

D without catalyst
2 Cr.0; 30wt %% (Cr/C=0.099)

HTT (56)

1250*C-Shr \’w

1400*C-5hr

b

1550°C-0.5hr \\,\
Cr0:(012)
2000°C-0.5he L-
2500°C-0.5hr L
35 26 27 28
28 (Cukd)
)]

Fig. 1. Catalytic graphitization of IsoPCF
{(a) without catalyst, (b) with 30 wt 2 Cr catalyst
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Table 3. Crystallographic parameters of car-
bon fibers graphitized by catalyst im-
pregnation

HTT

2,000°C-0.5 hr
Cr: 30wt %V

doo2/Lewony (A)

Iso PCF 3.355/>1,000
PANCF 3.357/>1,000
PheRCF 3.357/>1, 000
MesoPCF 3. 360/330

1 Cr(NOy), (9H.0)—THF solution

Table 4. Crystallographic parameters of mesophase sphere graphitized with chromia

and chromium

HTT
dDDﬁ/Lc(OOZ)(A) 1, 2500“5 hr 1, 4000—5 hr I, 5500—0. 5hr 2, 0000—0. 5hr 2, 5000 -0.5 hr
Ns catalyst 3.474/48 3.359/51 3. 444/75 3. 400/440 3.361/>1,000
Cr powder 3. 364/130 3. 373/180 3.369/750 3.362/750 3. 356/>1, 000
Cr:05 3. 364/210 3. 369/210 3.363/810 3.355/>1,000 3.358/>1, 000

Catalyst: 30 wt 95 (Cr ratio).
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Table 5. Hydrogen sorption with intercalation compounds

Vab
(d ] L{j{"f’ Color  C/K  cCcsTP/g CC.STP/g H/K
C CxK
Graphite 3.354 >1000 blue 24 158 136 1.91
Mesophase sphere 3,361 >1000 blue 315 147.3 133.5 2. 49
3.400 390 blue 37.4 134.6 109.7 2.39
3.444 75 black 13.5 160. 3 129, 2 1,16
3. 474 48 black 18.9 128.8 109,5 1. 30
IsoPCF 3. 446 41 black ~0 ~0 ~0
3. 356 >1000 blue 11.9 132.5 104. ¢ 0. 84
3. 370 170 blue 29,9 35.3 3.8 0.57
MesoPCF 3,388 260 blue 36.0 131.6 120, 2.54
3,441 75 purple 16.1 132.8 110.5 1.15
PANCF 3,357 > 1000 bronze 19.8 0,89 — 0.01
PheRCF original black 14.7 118, 8 91.6 0.88
Carbon black 3,446 66 black 27.9 87.3 — 1.31
Coal pitch coke 3. 469 39 black — 0 0 0
Petroleum pitch coke 3,455 51 black 36.9 139.6 e 2,76
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Fig. 2. Model of hydrogen spillover
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Table 6. Particle size of supported metals
and their ability of hydrogen adsorption

Initial rate of

Sample Parn(c_ie S1Z€ hydrogen adsorption
A (mmol/g-sample-hr)
C — 0.01
Au-C >1000 0.03
Cu-C 205 0.04
Co~-C 40 0.42
Ni-C 45 0.40

Amount of hydrogen uptake
(mmol-g-cat™)

1 ] | 1

!
01 2 3
Time (hr)

Fig. 3. Hydrogen uptake on active charceal
Temperature: 400°C
Initial pressure of hydrogen, P®y=4 cmHg
Catalyst: Metal 5 wt% on active charcoal
o Co; @ Cu; ® Ay; @ None.
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Fig. 4. Hydrogen uptake on active charcoal
Temperature: 400°C, P% =4 cmHg Catal-
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el content
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Fig. 7. Rate of hydrogen adsorption »s. tem-
perature
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C-MNi(S) 10wt

C-Ni(S) 2.5wt%s

C-Ni(3) 0.5wi%

Desorption rate of hydrogen (A.U.)

Heating rate
1800 /hr

H
0 200

H
400 6C0 200
Temperature {T)

Fig. 8. Temperature programmed descrption
of hydrogen
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Table 7. Kinetic parameters of hydrogen

desorption
Frequency  Activation
Sample factor energy
(A: sec™!) (Ey4 kcal/mol)
Ni(S)-C, 10wt % 4.0x108
Ni©)-C, 2.5wtg  Loxioe b, F48
NiG»-C, 0.5 wt % )

0.6x109
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Table 8. Spin concentration of active carbon
Spin con-
Sample Treatment centration
AU
C As it is 1.0
Pt-C  As it is 2.3
Pt-C  Reduced in H, and evacuated 7.1
(450°C, 4 hr)
Pt-C H, adsorption (350°C, 4 hr) 1.0
Pt-C  Evacuation (450°C, 2 hr) 4.3
Pt-C  H, adserption (350°C, 4 hr 0.05
plus room temperature 4 day)
R-+H-—»RH (3)
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