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WFZER S OBEE (#30) : Development of the activated carbon that has an ability of the absorption of
hydrogen of >6.5 wt% is hurried to reserve hydrogen on the vehicles which moves with hydrogen fuel.
Although the hydrogen absorption amount is reached to 2wt% using the metal alloy, the new materials
which is more excellent than such metal alloy does not appear.

We developed super-activated carbon with a surface area of > 2500 mz/g. Although the hydrogen
absorption ability is only 0.6 wt% under 12 MPa at room temperature, it increased to 6.5 wt% under 4
MPa at room temperature. In addition, the amount of hydrogen absorption increased with increasing
the total volume of 1.1 nm-micro pore. The relationship between the total volume of 1.1 nm-micro
pore and the amount of hydrogen absorption suggested that hydrogen condensed in the micro pore.
That is, the amount of hydrogen absorption jump up with liquefaction. Furthermore, the activated
carbon developed in this study indicated carbon dioxide absorption with an amount of 0.7g/g under 1.25
MPa at room temperature.

The ability of hydrogen and carbon dioxide absorption of the activated carbon with surface water is

lower than that of the activated carbon without surface water.



(BEEHAL - 1)

ELEERR R [EEE T & &t
2010 4F )& 2,600, 000 0 2,600, 000
2011 4EFE 600, 000 180, 000 780, 000
AERE
AERE
AT
wooRt 3,200, 000 180, 000 3, 380, 000
g a3 e YR
BHFE O - B MEHMES: - B TR
F—U— N WREME K KEWE EMER EEKSE

1. WFFEBHAA S F D7 5

IR A REE & 3 2 BRBHE L B0k SR DR
B L - THEDKFEIZERT 2 KELLT
T D72, KFE 65wt DWHREEZ AT
LIS B O BN BN TN D, KB
LB ETIET TIZ 2wtBlZiEL TV D H 0
D, EFNEEETDMEIOHEBLUIE > T
W BB =R T ) F2—T D 10wt% D
KRFBEWIR LT E WIS DT, it
WG DEEGRIISLIG 0 O 1T TH 5, BUE
TIE Iwt% 2 O E ' HE SN TV D,
bivb iUt R E R 2500 m2/g 12} S5 A —
R—iEMERZ B L, 12 MPa OEJEKE T
WCBW Tl EZHE L2, =R T
0.6Wt% &9~ Z L R olz, &L ZANTIK
IZBWTCRAER R ER AT 7c & 2 A, Wk E
DN X Awt%Z B2 H L )78, &
512 1.1 nm O 7 o fLOFENEINT 51
BEV, W ENEE X D W) FELRH L,
1.1 nm D7 afLOFEEKBWREHE & %
PR L7 R, ARFENHRILL TV D Z & &oR
TEHEM RN T, LD XD ITEET 5 2
EIWC Lo TKRERBER Y Y 7T v 7T
eV RBITTE D F T,

2. WtoHBY
BE LT WE R 7 a2 B L, £
DEMEEREL T 5 L TKFBWH &%

FREICHIZ T Z &lc L7, &6, FIRIZT
W R B A B R T A I, AREAREIRIC TS
LW, Kk EEEE=0V b2, 2
MELWZ EEHLNCTHZEEHME
L7, 61T, MERFERLE L THigrKIzHE
TR W BR L IRFE DO AE BT o7, KOAF
FEZ X W KREBEE L > AT
Btk CHEE O EBEM 2 T D,

3. ROk
FBEEORO MR LV RET D
A PR LTV TWS, R 2
B2 ix, K @wt%), b e —A(32wt%).,
~Itra—2(16wt%), V7 =1 (20wt%).,
YU BATWR) R EREENTWD, e
— A NIk —R, VTR EORM
&R L, MOy A2 RET D Z &Ik

> TIEMKE BT %,
RALVEEEZ 7”3, Wik A 400CH 6 700°C
FCOMEEDIREIZTREEE LT, Brr—
A, ~NIkra—R YT =l EOARER
SERICT D, EBITKSEBRETS, Z0
TERI IR CERES K L. B & ORRBERS
ERIRAT 5, BEICETRVOIX, FEnT
W5 I Ko TREED B S 5 A1)
NHDHINHTE, 61T, RALDOBEO B b
H D& EDRIFIFITRKRE KFET D,
AL S AT B TIRTE (2 X 0 IR & e



%o Wk L KBRS U v A (KOH) % 1] 72
HELTREAG L, 850C, 2h, FHEHAKREE
PR FOLME TR L, EEREERT D,
ZOMEEIC LY | TEMERD a mAMESERIIZ =
v F U7 ENT, nm F—Z — O 7R L
ZEIEREIND, ZODOZ LEITafd
Vo,

—J5, MU ORE SRV e — 2
L, BREE L TRET DD 7= HRER
ELTHWTWS, SRR Y 7 = 3k o
WRECHHE SN D, 4 400°C T 3 KR
BEE L CRABILERT 5,

RALE N2 ) 7 = RIS IS X 0 i
R ETe D, Bk & OKER{E A ) v A(KOH) %
WY 7R E e CIRA L, 850°C, 2h, P#EMH
KAFHK T OLM B L, TSR % (ER
T2,

VESRL U 7= EPERIC OV T, Bk L3R
T - AL A B 25 i (A AR~ L
BELSORP-max)|Z T, b EfE% %% BET
WAL, B 2nm LT O 7 o fLOMIFLES
A& MPIEIZ X 0 EHm L 7=,

KB HEENZ DN T, I —R o FHKER
e A (L AR IS CREE L 7e,
EIREITEER SN TTK & LTUKREES
12 MPa & CTOHi[H T &2 JIE Lz, i@
HOWE TITREHZ REHEIZ 0.5g Bid =&
& B—RETF R TEZEG & LEND
150 CREEE CHIZN LR S & 5, & DR
AEHE L OKFRMELZRET H, I HITAK
WIFIE CIEARBE B (TR PR R I Ky Sk LT
RRECTKFEWHESHETEZ D LI LD
BET X2 v F A NEFHTICERL TS
L7,

TR bR BRI OV T, BEOME
WEEZFINT D2 L TRM Lz, FIIEER
ZHKIZIBAL, TOHz CO2 ZMELT
RZ AT TR AR L=, KPICBIT W&
AR Uz, WICZLVERFME 0.5g %
FPMERZGRNICTE L, B2EMEL 10 Pa,
120°C, 1 BEf CHLH A &7 o 7=, T D% CO2
ZRZRNIC 1.25 MPa IIEE A L, ZAUE %
FMEOH I X DR OET) DFRRFE

fezfIEL, WAEREZFEH L,

4. WFERE

B 1S4 a5 B AT IR LT
TEMER O BAIN) 722 2 7 v SR A & R T,
AC1 T b HFE 1800 m2/g, AC2 |3 b 3wl
2200 m2/g, AC3 [T HFE HFE 2500 m?/g i
DED L ZITHLNLGREO I 7 v L&Y
fiz xR L TCW5H, MALES 0.6 nm, 1.2 nm,
1.5nm DECHEBBIREL 2oTEBY AC1
L AC2 TIZ 0.6 nm & 1.2 nm OFLNEAL S
NTWDHETT, Lt AC1L TIEEKROR
/NS, 20— T AC3 CTIEHIFLERR
1L5nm OIBEHRINTND Z & FRE X
DAL BEFREN I RENZ ERDA D,
TTK BT 5 KB Wi 2 7l L7z, D
FEERAZX 2 12777, ACL TlX 1-2Pa F2E D
JE ST 0.89wt% D Wi L 235 & 72 )
> 72Dz L, AC2 TiZ 3MPa {131 T 4wt %,
AC3 TiT 9MPa {131 T 9wt% & DK FE W A
Hohiz, ACL & AC2 D71 0.6 nm & 1.2
nm OI 7 2 LOFEREITNERDLDOT, &
BARNGELRIZbDEEZOND, —T,
AC2 & AC3 D713 1.5 nm D fLOTELE DA 4
ThdH0 5. 1.5nm OFLHIRIRIZEIT 5 KHE
W+ T 5325 2 ENIRIFREA T 7=,
INFETOMIETIZT1IS nm DRKEEZDI Y
2 fL AR L TR o 72D T, 2
ALDSAWFIEIZ 31T 2 BRI 72 i RIS 72 o 72

70 —{1— AC1
6.0 —O0—AC2
50 —— AC3

4.0
3.0

2.0

dVp/d(dy) (cm3/g-nm)

1.0

00 'AI = = =L} — = O
00 04 08 12 16 20
Pore diameter (nm)

X1 AC1 2256 AC3 FTORBIDOI 7l

Besy A



o
o

o
o

o
o

B
o

N
o

Stored hydrogen contents (wt.%) ,

00g 1
00 20 40 6.0 8.0 100120

Equilibrium pressure (MPa)

X2 ACL25H AC3 £FTO 77K IZEIT Dk
B 7K W R

e T, M3 ARG V=%
FEJFRL L U iR R o BRIy 72 2 7 v LR
Oy A E R, AC4 13 HEFK 1 FE 1000 m2/g, ACH
I AE 1700 m2/g, AC6 X3 mif 2300
m%g BREOHO & X IHLNLHE DI
o HBESAER LTS, MFLES 0.6 nm,
0.8nm, 1.0 nm. 1.2 nm. 1.6 nm OfEfFIT
TEMNBRKE L o TR, Wiks HREER
ELTEEXITHERTIZeiloREIDE
LELTHDHZ DD 5H,ACA TiL0.6 nm
L 1.2 nm QAN INTWBEIT T, L
U BROBRFEN/NE W, ACS TIHMIFLELS
0.8nm & 1.2 nm OB FFRMICHKE LT
5, AC6 Tl 1.0-1.2 nm O K= I DOHFLD
REP+HDRENT EBDIND,

TTK \Z 3BT DK Bk & % #Fh L7, £ D
R 4 1287, AC5 Tl 6.3 MPa OJf
71T 4.5wWt% DWW A3 T Hi T, AC6 Tl
11MPa {131 T 6.9wt% D /K FEW 2 5 H 7=,
Wik % 8 & L7-iEPER AC3 & il d 2 & |
HIFLZ L ORFEICITRE REN 2, 2iF0
139 1.5 nm ODALDFEDOHETH D05,
1.5 nm O HLIKIEIZE T B KEBWIRIZ 5
HETHIENIHLLTHIHATE -,

6.0

—{— AC4

dVpld(dp) (cm3/g-nm)

0.0
00 04 08 1.2
Pore diameter (nm)

X 3 AC4 776 AC6 ETOREIDOI 7 1l

16 2.0

B

-
=

=
=
T

N

Stored hydrogen contents (wt.%)
=
= =

2 4 6 8 8§ 10
Equilibrium pressure (MPa)

K4 AC5 & AC6 @ TTRITHIT DBl ok
TR

VL EORERIZT, TN THBEEMRIZE T D
KB R T o 7o, ARBFE TIEARLERE IZ
TEMEIR 1T IK 3 D3 & L 7o R HE C K 38 WK ik &
NDHUETEBILICLENET X v T A
NERTZICBR LTS Lz, i TREE Wy
NTITHET 2 & BPOKSORiHZEH
AERET D ZENTET, BHEORENK
b b, BRICBT DA KEWHET
0.5WtNFRIEIZE EED L) Z e Bbro
7=
KFBIZK DRFHIRNEE A RD T2 72| HEFE
FE L L THEBRKICEET 0T W TR bR
FOWEEREIT -T2, BRLRFE CTHER



D EEME AR LT,

F9, KFIZHE LT 05 g DIEPERIC X
% AR SBW G o ffRR L=, FORER. K
2 X DI Sy % BRA U7 C iR b IR E W
1% 162 mg/g(1.25 MPa) & 72~ 7-, FEBRA(
(CHBFLIC BT U 7o 2B 2 B & FREE W A5 2 BR
BITol= A, 24-122 mglg 720 HAL
WCAKPIRAT D Z & T LA @LIRFED
WAENHESND Z EBnbholz,

WIZ 0.5 g DIEVELR & 8 PANE A4 NI TR
WL, BEIC LD & FENIC 1.25 MPa il
AL, {EMERO A &L 2R GBHNOES
OfFREEZREL, REEZHEH L, 2
DARRE TITIEME IR IZW S L Te K3 3 +431
WIF TV, ZOFE R 418 -436 mglg D
HEENEONT,

S BT, 0.5 g OIEMER &5 AINERN
(ZFEHE L, BEZ2NE 10 Pa, 120°C, 1 BRI T
KEATSTZ, Z D% BRILREE RN
1.25 MPa INEEA L, ZAERFMEIOH
2 LD BN OET DORER AL Z HIE L
W EE RN L, TOME, k% HF R
BHZ L72iGMER 2RI L7254, 583 mglg,
V7= a2 MRIERE LRtk 2RI A L
723546 . 695 mg/g O " FR{biR FW A D3GR T
7,

UEORERKLY KEtEERE LTHTAR
AHaRET LRIV &b T bRFE
TR SET- N2 e R bho T,

5. EMRFEEKIRILE
(MeRERmSC) (4 1)
1. Ikumi Toda, Tomokazu Takahata, Hiroki Ono,
Shigeo Ohshio, Hiroki Akasaka, Syuji
Himeno, Toshinori Kokubu, Hidetoshi Saitoh,

Gas Activation on Carbon Material with Cell
Geometry Using Microwave Heating,
Transactions of the Materials Research
Society of Japan, in press.

2. Hiroe Tanaka, TIkumi Toda, Hayato
Maruyama, Hiroki Ono, Shigeo Ohshio,
Hiroki Akasaka, Yoshihisa Tanaka, Syuji
Himeno, Toshinori Kokubu, Hidetoshi Saitoh,

1.

Effect of cooling rate of KOH activation
process on activated carbons, Transactions of
the Materials Reserch Society of Japan 37[1]
(2012) 57-60.

. Hiroki Aksaka, Tomokazu Takahata, Ikumi

Toda, Hiroki Ono, Shigeo Ohshio, Syuji
Himeno, Toshinori Kokubu, Hidetoshi Saitoh,
Hydrogen Storage Ability of Porous Carbon
Material Fabricated from Coffee Bean Wastes,
International Journal of Hydrogen Energy 36
(2011) 580-586.

Hiroki Ono, Hiroki Akasaka, Ikumi Toda,
Hiroe Tanaka, Takuhiro Watanabe, Satoshi
Ooki, Yoshihisa Tanaka, Fujio Takada,
Shigeo Ohshio, Syuji Himeno, Toshinori
Kokubu, Hidetoshi Saitoh, Effect of

Chemical Species in Alkali Agents on Pore

Structure at Activated Carbon of Rice Husks,
Transactions of the Materials Reserch
Society of Japan 36[4] (2011) 593-597.

(&) G5

Ikumi Toda, Hiroe Toda, Takuhiro Watanabe,
Taka-aki Tsuchiya, Shigeo Ohshio, Hiroki
Akasaka, Satoshi Ooki, Yoshihisa Tanaka,
Syuji Himeno, Toshinori Kokubu, Hidetoshi

Saitoh, Effect of Meso-pore Structure of
Activated Carbons on Hydrogen Storage
Ability, Abstract of 21" Materials Reserch
Society-Japan Academic Symposium,
pp91(N-P22-G), 2011, Yokohama Opening
Plaza, Japan.

Taka-aki Tuchiya, Takumi Yamada, Tkumi
Toda, Takuhiro Watanabe, Hisashi Yoshioka,
Hiroe Tanaka, Shigeo Ohshio, Hiroki
Akasaka, Satoshi Ooki, Yoshihisa Tanaka,
Fujio Takada, Syuji Himeno, Toshinori
Kokubu, Hidetoshi Saitoh, Evaluation of

Gases Adsorption on Activated Carbon
Materials in Water, Abstract of 21" Materials
Reserch Society-Japan Academic
Symposium, pp90(N-P19-M), 2011,
Yokohama Opening Plaza, Japan.



3. Ikumi Toda, Hiroe Toda, Shigeo Ohshio, Hiroki EMEMREZRE « T25 - HilE
Akasaka, Syuji Himeno, Manami Nakaishi, WoEEE S : 90160473
Hidetoshi Saitoh, Hydrogen Storage Property

of Activated Carbon Fabricated with Lignins,
Abstract of 1" International GIGAKU
Conference in Nagaoka(IGCN), pp134(GP-46)
2012, Nagaoka University of Technology,
Japan.

4. Xiaolong Zhou, Ikumi Toda, Hiroki Akasaka,
Shigeo Ohshio, Hidetoshi Saitoh, Surface
Change of Boron-Doped Amorphous Carbon
Films, Abstract of 1% International GIGAKU
Conference in Nagaoka(IGCN), pp135(GP-47)
2012, Nagaoka University of Technology.

5. Hiroe Toda, Ikumi Toda, Hiroki Tanikawa,
Tomokazu Takahata, Shigeo Ohshio, Hiroki
Akasaka, Syuji Himeno, Satoshi Ooki,
Yoshihisa  Tanaka,  Toshinori  Kokubu,
Hidetoshi Saitoh, Effect of Flow Channel in
Steam Activated Carbon Material from Coffee

Bean Wastes on Specific Surface Area,
Abstract of 1* International GIGAKU
Conference in Nagaoka(IGCN), pp99(GP-11)
2012, Nagaoka University of Technology.
(] G o)

(PEE M PEME]
oHBEIRTL (B 0 1)
oS IRBL (RF 0 )

(Z )
http://hts.nagaokaut.ac.jp

6. WFFTAAAK

(HFgEERE
W% 5% (SAITOH HIDETOSHI)
FMBEMR R « T80 - Hf%
WFIEE = 80250984

QWFgEo
R KR#  (AKASAKA HIROKI)
F AR R - L5 - B
9525 80500983
K#E &Kk (OHSHIO SHIGEO)




