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Development of a highly efficiency thermoelectric nanocomposite including one,
two layers graphene sheets in a ceramic
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Inorganic nanoparticles coated by one, two graphene layers are very
attractive for a raw material that has excellent physical and chemical properties of both the
graphene and the nanoparticle. In this study, carbon-coated ceramic nanoparticles were prepared by
CVD method and new functional nanocomposites were developed by using their nanoparticles. A
monolithic carbon-tungsten carbide nanocomposite was prepared from carbon-coated tungsten carbide
nanoparticles synthesized from tungstic acid by CVD using organic reagent. The monolith has high
conductivity (106 S/m), negative thermoelectric power (-15 p V/K) and low thermal conductivity (10
W/mK), and shows a good thermoelectric property (Z7=0.08 - 0.15) as a result. A carbon monolith with

?ood conductivity (4.2x 103 S/m) and open-through nanopores was prepared by using carbon-coated
alumina nanoparticles. The monolith entrapping enzymes reduces oxygens in a pH 5.0 buffer solution;
i.e. it shows functionality as an enzymatic electrode.



# X C—19, F-19, Z—-19, CK—19 (3tim) ﬂ
K A

MPEHRBBASER HIRARBRSE

1. WHZEBRAR S W DT =

MY T 3 v 7 2F ) RLFIEZ OMEID
FroMptEicmz <. =0F ) #EEiEN+ 2
LT~ 7 v BB 22 WS RE ME R R 0N 4% ©
x5, ZOXS et RRENC—, ES
DITTTxr—NeWETDHE, F LR
NTH—ICEBEILENTZRE-ETI v T R
F O MBHT R0 | WE OBBENEZTE ) LTS
RS T 5,

BEARDREZNDEMEEZEL HE—X
> 7R E R U7 BVEM R O A B =R 1%,
Z=S’c/x (Z: PEREFESR. S B — v 7 1R%K,
c: BEER «:PRER) CEXRIND, Z
DERKERDEIRFY ) THEELREL, H
o MREL, DOk DNNESLRDE D78
Bt 2T 0ERH D, o ITBEBTBEBED
BB ERWDZ L TEINL, « 3B
F KGR T RT AT+ UEELE
RHESELHZLICLoThEL S, 2T
REZIT, 79720 OFEEMELE . F )
BIELIC X 2BV EROIR T 2R L8
AMEIERAIET S Z 8 T, @O R LF—Z
Wiz % b o I EVEMEHNI 72 5 O Tlid 7z
MmEEZ T,

ZHETITRFEEIT CVD LI L 0 SEHBJRL
FREUAMOT VI FF 2R F+OREIZT T
Tz VBB DOIRBIEEWE L, WES T X
< BEFREIC LV E 2 U ZE LM A ESRL L
Teo 77 LV THEBL ST RFE-T VIS
T BERITEVVEEEEET AT TR
<, EDPRNRLEAERENLRFOZ LN yho
oo TOZEDPLHBRIKTHDLTNAVITTH
STHORELZF ) L THEHESLT A
TENEMENC R DAl REE S R STz, L
L7 v BRITEERMEZ Rl 72028,
FEHLV NNV TOREE N ZFFOMEHCT 5
DITEE L, L& v 727> (WC) 13
#E (15.63 g/lem®) THEK L L TOWMEE
BB, BEMEE L ToREITITHhRT
W, 2 CTHEE LR EWE WC T /KL
FET /U AT B L TEATEEME
ZRAIMTE DO TIIARWnEE 27,

2. WO HEM

IREWE LT R A2 s Z b
THREMNRIRF-E T I v 7 AT 2 BEE )
V2G4, 207 Fu—FL LT/
KDY A AW ERFBIEOEE DRI D
B R L. EAROWNE T 2 £ L
SHBZ LT, BN RELT D88

AR Z AR D, €ORMRKRERY AL LT,

WL PRD H T 2 IR FEHHE WC T KL % i
L. b xERAWERB-RILY T RAT 2 F
J AR (CIWC A1) £/ U ZAZA{ERLL
b OBEMIEE T 5,
FELIVEREE /U A TE RS

FHETLIZETCASM ARV —LLTD
FASHEESh TS, &2 TARFETIE,
MERHEFICHE L7 ElfEEE L OR—TF X
H—RrE Y A(CMYE, T FF R T
ZEFMLE L7 CVD ICEWERIL, ZooE )
YRR E=EELTHZ & CTENEREE
BHROBR RS,

3. WHEDIE

WV RFBWERACH T AT 2 F ) RiA DR
kO =ZoDHEIZL Y, KR L IREED
JE SN2 D IRFBHEIRACE VT AT
(CIWC) F /i FZiif L7, OriiRORL
F£% 200 nm > WC F J KiFI2, BHREEHR
900 °C, 1~4 h DA %> CVD #{T~>7z,

Q& TAT U I REEBEFHAT
900 C. 4hDE&MHETTE F=rVU /L CVD %
T, ot/ MEEEEFHA T
900 C., 4~8 h DM TA X CVD %1T-
oo QAT AT UEF IJHRERY T 7Y
2 = K U JL(PAN) % i WITAEA Z (A 7
b 1.3 £721% 15), EHRFMS T 1000 C, 1
h DT PAN 725 OBV iR H AT CVD %
TV, CIWC F ki -2 L1, 2D
OFREHI 3 L T A E 7 PSS (TEM) B 22,
X BREHT(XRD)HIE 21T > 7=,

Q)RF-RILZ v T AT L EEE ) ADIE
L 2R R FEA - C/WC By oKtk 1500 °C.
100 MPa, 2 min OKMHTRE T T X~ Bk
(SPS) 4528 015 mm DL haET-, &
® CIWC AR~ L v M 11x1.8x1.5 mm (4]
DI UBFEE U 7= 1% | BAFE FrE FEAM 2% & (ZEM-3)
WCEVEER K N — o 7R E R EL ., £
010 mm DXL yRpbL—F =TTy 2 (EEL
PPERE S E KBRS R AN E LT,

(B) TAIFF IR oL LimR—F 2
H—R T ) ARBREROBR% - BRIRT L
R ki CE¥RIEZR 50 nm) % 50 MPa
MET Ly B L7, 1000 CoEVL
ATV, ZD% 800 CHTE F=Fr VUL
CVD TIRFWE LT, TDOH%T IV T %
KEEET N U U LOKEIR CRRRET 25 2
LT CM B EETZ, CM ~D LAC D[ E(L
%, LAC %Nz 7= pH5.0 DFEFEETEH 12 CM
A48 hEiRSE5, HDHWVECMIZ+0.65 V
DOETEZHIMLARNSL 6 hEFIED @D
DHIETIToT (REAITZENZEN
LAC/CM-A. LAC/ICM-B &9 %), Zhbd
ERRE O FIE LB 2 FHl T 25 72 D1,
H 4% & AgIAQCI 2 BifR 2 VW 7= =ik
KL D ESRACTFREEIT -T2,




4. WFFERkHE
(1) REBBRILZVIRTUF/HFD
EEE]

A% CVD TREHELIRI 15 200 nm D
WC $i 7 (F1ED) O TEM 81244 (X 1) 55,
IRFBEDOESIICVD L, 2, 4h TFREN3JE,
5.6 BLABLONZ, 2. thovIIv R
Kt (B2 va=7 LU bR RmiErEs
Fpi=72 W) 12T, WC R R I AL
L7z RFBIFEOFESEMEIIE WV, ZHUE WC R@mH
T2 TR T NI EE R TS, 2D
FHEIZEY WC KL FRMEIZE D BV R FEBED
WA BIEIZTED I o T,

CVD2h

CvD1h

1 A% CVD #%» WC hi+Fimn
TEM 14

Lo LHiRD WC kL1137 /%X (100 nm
DLF) Db DI AFTE/W =, BURTIE
EOQTIETF /A XD RFW S WC kL& 1ED
ZEIETERR W, FITHU T AT UM (H,WO,)
F o RETER=FN/L CVD TEILTAILT
F IV ARXD WC i 1-2AER 5 HiEE R
72 (HF1E®), £7°.4 hdoT7Er=RJ/L CVD #%

(RSN EE XRD JIEL THOMTLIZEZA,

WC 7217 T/ WoN DFRVWE —27 L W,CW D
NS — b RS (X 2@), 2T T
T h=kRJ/L CVD 12 900 ‘CHOAZ CVD %17
>72LZA XRD HIEE—21F WC HifHIZ72 >
7= (X 2(b)) .

(a) v W,C & W;N
A owc oW
1}
o 4|04 0 o & D&
A AAL
© g q
0 0on
_JL)L Jk P N,
;0 Jo 50 éo ;0 80
20([deg.]

2 7% h=F U/ CVD OilkEHa) LT
Z D% A K CVD L7=#EHb) D XRD

F7-. TEM #0823 ns7 = 1
CVD % Dki1H A X% 200~300 nm Th-7-
23, A% CVD T 5ZLTULAEL . 40~200 nm
DT IRLA 72 BT b a B LTz, ThUE, AX
CVD #ATHZETHAERM THD W, W,N,
W,C O WC AL, Z DR TR VA XY
MR/ L T oleled e EZ LMD, o AX
CVD HEEICED . WC DJEVICIER T 2R EE
DEZOHHL TRETHY, #21EX CVD4, 6, 8
h CZZh 3 &, 30~40 &, 40~50 /BL725

RS,

H,WO, % PAN LEVLEEL CTIERIL 7= WC i
BLFEED 10~30 nm E/NSWNEDMELITZ,
WerE R I IAA A 1:3 T3 JER1%, 1:5 Tl
K 24 JgL72), PAN DA B BB X DI
TIR B HHE N DA D3 RSz,

(2) RE-RILBVIRTUOEEE/IVAD
B L 2B S ST

EEMELEL TOFHIIL, )ICB W TAZ
CVD TIRFEMTBL TR F-£& 200 nm D WC Ki
F& HWO, % PAN TETTL CELINIZR 78
10~30 nm @ WC F RKi 1D _FE¥a% v iz,
ENEH T LU TOVEREIL, PEREFE R (ZT=0-S%x,
0 BER S:P— o/ RE «: BYRER) T
FHlEND, X 3(a),(b),(C) WC kit [R#E
¥ WC R 1 K VR FE s WC - 7k 7% SPS
WFELCTE VAT HZETHELNT R HE-RAL
BT AT BB IR (ZE L M-WC, M-C/WC,
N-C/WC £35%)D o, S, k DIREEbEZRT,
BB OEE R EDS, M-WC ([ZHRT,
M-C/WC & U8 N-C/WC [T FE RN 100 fi5 L4 1
B ELCWDZENDS (X 3(), ZIUIEAS
(L EHVT IR D NS TR R R B S A%
e L TWNWBI0EtE 2 b5, -, IREE
WAL= M-CIWC & N-CIWC DF—~w 7%
HiE M-WC B L CRO T H L
7= (12 3(b)) ., ##\Z N-C/WC X M-C/WC, M-WC
LIEEIL TR W — o 785 aFH | o
fRE RN RIE AL 22> 72 (K 3(c)) »

(a) o O wowe (b)n
gjssoos a O mcpwe 5
JOE+06 A mwe a0
a - £ a
fasms | o 0O R
FOEH06 o og £n | %ag, aaas
N =P Ogn Sas O0O0pppooo
am—»oe oo Sogg ot
= LOE+06 °°°Ong "
3 ¥ o
SIE+QS o g ceo®
gmaaoa AAAAAAADAAAABA :: ©o0go09
0 100 200 300 400 500 600 o 100 200 300 400 S0 600
Measurement temp.[T] Measurement temp.[C]
(c) (d)
Y] LOEs00
o
=T o o o o o o o
iso 10601 ° 0 9 o g g
2% a4 & & a & a
a0 & e p o o OO O
: 5 o
kN
n 10603 L b &
" o o © ©o o © &
o A &
] 1960 A
0 100 200 300 400 S0 600 o 10 N0 M0 40 %0 600

Measurement temp T Measurement lemp[T]

3 VER LT RFBE-RILY T AT A
£/ U X (N-C/WC, M-C/WC) KO*WC
£/ VA (M-WC) OEERM : (a)i85E
Fo,bDE—_y 755 S, QBURER «
(DR TEIEREREER ZT

ZOFEEIL . N-CIWC DJEEH R+ D WA
2 (10~30 nm) 1% M-C/WC D%#41(200 nm) |Z
HEART/REL DTN BER T2 EXITH K
FBIRFNCL S TR E DS L ES L, EOFE R,
2V ND WC a3 /A X Li=Z & T,
B Ry REDN BRI LOEINL, 51
B E RN =2 Sl K0k RStk &b 7
/BB RS HE RS, Z O AR R
IME T LI ETREMERED ) B LI A =R 4
NEZ NS, FREOMRERR L ZT %X 3(d)
IZFEEDT=, N-C/WC B D = ~650CH T
® ZT 1% 0.15~0.083 L7201 il g\ VBV



EHREZ FFOBNEFR - ITR A EDRENTZ,

(3) FIZFF/HFEHREL-R—7
AA—HRE/ ) ABREBORK

CM FBHIR A DI NI EL L TEH LT,
PIEREHEIZ LA EERITIBLZ 4,200 S/m TH
ST, WHEBODF /i E e 35729012 CM fi§;
Wirio> SEM BaBIEL-L2 A, DT L
FF SR D REEE ML 7= 20~80 nm D ERX
WORBEERE, BBzt 42 10~
20 nm OFLNIFIET D ENHERS -, 2D
L5 CM DOWNERIZIEL LAC 451 (6.5%5.5%4.5
nm3) NN E TR A RTREZR T/ il FLAE & 2 FF
STWALZENG D, UL EDOREEN G, RS
Nz CM I E W EEEEFf 7= 2 LUK TH
HZENHLNZES NI,

LAC/CM-A. LAC/ICM-B Z#+Z#? LAC
ELEITENZEI 317 pg/em2 J O 58 pg/em2
Tholo, K 4 I BREREL O ATV IRV
27T INCV)ERT, BT TD Ny A
R LRI L C, O, H AJRIEERECIX 0.65 V 1T
MOABIRNEEIL TOAZENS, LAC 1245
Wi 338 T B ETWAZER S D, CV I
BIID 0, DR KIZITCEREE (0 V) ZEMIZ
EE(LE7- LAC B CELZ TR LML,
LAC/CM-A } () LAC/ICM-B TENEN-2.5 K&
-19.2 Alg LrpoTe, ZOME XA B [ E AL
STz LAC O IRETTOMBER S5~ L
T, 7715, LAC/ICM-B EHRIE. [H &k
BIIEEOLOFIED 2 I THHIZHLEDS
T B RIL 8 LK ETHE EF-TNDIEN
31356 ZHUE LAC [EEALRFIZ R S 1 12+0.65
V OEEEHNTHIET, BRI S23 %) 2R
AT 572D LAC O &7 Be [ # 73

RENTT D EEZBID,
e el s €
£ 2 . . %
=0 O, saturation ;
g | 2
€ 24 L]
3 4

Y0 02 04 06 08 0 02 04 06 08
potential [V vs. Ag/AgCl] potential [V vs. Ag/AgCl]

4 ZFN9)B L U (O)iiimkFICE
175 LAC/CM-A(a) %2 T8 LAC/CM-B(b) D
CV h#

<G| FH 3k >
[1] T. Onoki, et al., J. Ceram. Soc. J, 122,
(2014), 570-573.

5. ERRERLE

UdEREam ) (GE 7 1F)

(DAkifumi Nakaya, Yasuto Hoshikawa, Shunya
Ito, Nobuya Hiroshiba, Takashi Kyotani,
Size-Dependent Filling Behavior  of
UV-Curable Di(meth)acrylate Resins into
Carbon-Coated Anodic Aluminum Oxide

Pores of around 20 nm, ACS Applide Materials
& Interfaces,8(44),30628-30634(2016) [ #t
HY]
DOI:10.1021/acsami.6b10561

OFJEAN, BEHREMmO EME I EET 5
7 v A —EORAEIEE, SAEE, 4, 146

(2016.4)[EFH V]
3 Alberto Castro-Mufiiz, Yasuto Hoshikawa,
Takatoshi Kasukabe, Hiroshi Komiyama,

Takashi Kyotani, Real Understanding of the
Nitrogen-Doping Effect on the

Electrochemical Performance of Carbon
Materials by Using Carbon-Coated
Mesoporous Silica as a Model Material,

Langmuir, 32,2127-2135(2016.2) [ 5 U ]
DOI : 10.1021/acs.langmuir.5b03667

@ Alberto Castro-Muiiiz, Yasuto Hoshikawa,
Hiroshi Komiyama, Wataru Nakayama, Tetsuji
Itoh, Takashi Kyotani, Improving the Direct
Electron Transfer in Monolithic Bioelectrodes
Prepared by Immobilization of FDH Enzyme
on Carbon-Coated Anodic Aluminum Oxide
Films, Frontiers in Materials,3(10),Article
7(2016) [ & @ H Y ] DOI
10.3389/fmats.2016.00007

(® Yasuto Hoshikawa, Baigang An, Susumu
Kashihara, Takafumi Ishii, Mariko Ando,
Syuji Fujisawa, Koutarou Hayakawa, Satoshi
Hamatani, Hiroshi Yamada, Takashi Kyotani,
Analysis of the interaction between rubber
polymer and carbon black surfaces by efficient
removal of physisorbed polymer from
carbon-rubber composites,
Carbon,99,148-156(2016) [£#id Y ]
DOI:10.1016/j.carbon.2015.12.003

©® Panvika Pannopard, Chaiyan Boonyuen,
Chompunuch Warakulwit, Yasuto Hoshikawa,
Takashi Kyotani,  Jumras Limtrakul,
Size-tailored synthesis of gold nanoparticles
and their facile deposition on AAO-templated
carbon nanotubes via electrostatic
self-assembly: Application to H,0, detection,
Carbon 94 836-844 (2015).[# 7 & ¥ ]
DOI : 10.1016/j.carbon.2015.07.057

(D Takafumi Ishii, Susumu Kashihara, Yasuto
Hoshikawa, Jun-ichi Ozaki, Naokatsu Kannari,
Kazuyuki Takai, Toshiaki Enoki, T. Kyotani,
“A quantitative analysis of carbon edge sites
and an estimation of graphene sheet size in
high-temperature treated, non-porous carbons”,
Carbon, 80, 135-145 (2014).[&#iH ¥ ]
DOI : 10.1016/j.carbon.2014.08.048

(¥R GE 211F)

(D Yasuto Hoshikawa, Alberto Castro-Muiiiz,
Takashi Kyotani, Carbon Coating to
Inorganic Nanoporous Materials by CVD
Method and  Their  Electrochemical
Applications, 75 43 [EIfFEH FF2F S




International Session, T-ZEK=%(T-HERT
HET), (2016.12.8) < ARFFAHIHE >

Jm =, RPFHE, aHF3, A
i, FUEA, w8 B A5-7 47—
SR E AT A2 B & Lo R BB T v
ST R LEEM B OER, 4
3 FIRFH AR FER, THERZF(TH
I TF-#£77), (2016.12.7-2016.12.9)

AHF HEK, Castro- Mufiz Alberto, B2
—, HHARERFE, Origf—, FIRA, w4
Ve, >/ "= A —RE /Y A%H
WS BM OB, 754 3 ERFHH
FREZR, TERFA(TERTERN),
(2016.12.7-2016.12.9)

FIREA, NI AE, AHFL, 718 FE,
RPFHE, W 3, REAERO R
b IRFEWETNVIFF R E AW
Tz FAL-T 0 T —RIEE O, PR
RFHMFINT ZERF 320 HIEA=, W
R F (R A SO X)), (2016.11.11)

Rei Kawaguchi, Hidenobu Akahane,
Takafumi Ishii, Hiroshi Yamada, Yasuto
Hoshikawa, Takashi Kyotani, Preparations
of carbon-coated alumina nanoparticles with
different surface chemical properties and
applications as fillers for rubbers, 74k 28
EJELFRFBRTIEAR, WD E R
K%, (@B R WwWbx i),
(2016.9.10-2016.9.11)

FHEN, 4HEER, a8 F, i)
—, REFRZ, LR, Jrig—, Bk
HEZHE LTe=oeT /) R—F A%
—RE® )V ADER, AT I 2
RGRF2 9 F A4, TR
R %2 (K B R K IK B W),
(2016.9.7-2016.9.9)

FIEAN, IO B, AHFL, 218
Ve, #RPIFHAE, A 3, RiEfberR
DRI D RFEHET V2T R O
WEILAT7 47— LTOIGH, AKX
T I7I v I RAPRFE 2 I F AN
VNI S NE S QNI SR I R )
(2016.9.7-2016.9.9)

A E, SRPIFHE, AFHFEL, ILHE IS,
FIRA, s B, b priRo 5
IR0 KRBT VX T SR O L
ILHT 4T —E LTOICH, 254 A%
FHHEF I 77—, & LEjr e
a2 — (k%R M),
(2016.8.29-2016.8.30)

Yasuto Hoshikawa, Castro- Mufiiz Alberto,
Hanako Tawata, Takashi Kyotani, Kouichi
Nozaki™, Shohei Yamane™, Tetsuji ltoh™
Orientation Control of Laccase Immobilized
in a Carbon-coated Anodic Aluminum Oxide
Film for Enhancing Electrocatalytic Activity,
Carbon2016, USA (State College, PA),
(2016.7.10-2016.7.15)

Alberto Castro-Muniz, TJIIEEAN, ¥iBEME
i, A #h, 54 %, Carbon-Coated

Mesoporous Silica as a Model Material of
Porous  Carbons in  Electrochemical
Applications, /4 117 524 317 [A]F
A 2, R TR A GROU R i A X)),
(2016.4.15)

FIRA, 2 G, o, AHF
X, REHT, BEESE, BIDERRE,
FEAEE, | W, oma B,
Analysis of the interaction between rubber
polymer and carbon black surface, %542
IR FH RS, BT R (ORI
MR ), (2015.12.2-2015.12.4)

A HER, Castro-Muniz Alberto, Bl 5)
—, PHEERC, BIRA, 5w B, T
NI FF R EAME LI —AR U E
J U RO L SR BBA~DIGH,
42 [FIRFHFFFRER, BT R (R
JFRR FH ), (2015.12.2-2015.12.4)

'R A FIRA, =R GE, NEFA
hE, = M RIF-RIZ A TAT
) EEROER L BVER -~ DG
W, 7 82 [FRFHHZRFER, BER
(KRB ), (2015.12.2-2015.12.4)
Alberto Castro-Muniz, Yasuto
Hoshikawa, Dae-Soo Yang, Hirotomo
Nishihara, Jong-Sung Yu, Takashi Kyotani,
Mesoporous Silica  Coated with
Nitrogen-Doped Carbon as  Model
Material for Electrochemical Application,
Frk 21 FEEEFERZ R HIEAR,
oho B R % (F A& B 5L BT ),
(2015.9.12-2015.9.13)

FJIEEA, Castro- Muniz Alberto, %0
H#EF, wn B, TR —, REREZ,
WARTEE, D, 7 v W —B %
L LT RFBHES ) A—F AT L3
FHED VR & B R B & LT R,
ARt 73 02 AGRF2 8 F
AN DA, EIREE(E IR 1),
(2015.9.16-2015.9.18)

FJIEAN, Castro-Muiiiz Alberto, AL,
e, CVD 2 AW BT 7 Ak
DY —[RFEHTE L BT A A~D
IS, 7 83 [ERFHHEF I T —,
WY 7~ F (R AHEHK),
(2015.8.11) <#AfFafkls >

Yasuto Hoshikawa, Baigang An, Susumu
Kashihara, Takafumi Ishii, Mariko Ando,
Syuji  Fujisawa, Koutarou Hayakawa,
Satoshi Hamatani, Hiroshi Yamada,
Takashi Kyotani, Quantitative analysis of
rubber polymers chemically bonded to the
edge sites of carbon black, CARBON2015,
German(Dresden), (2015.7.12-2015.7.17)
Alberto Castro-Mufiz, Yasuto Hoshikawa,
Hiroshi Komiyama, Takashi Kyotani,
“Uniform coating of N-doped carbon on

pore walls in mesoporous silica for
electrochemical applications”, 55 41 []j%

FMBFEEES, REPIRE E0UH R



il B R BP9 1), (2014.12.9)

FJIEEA. Castro-Mufiiz Alberto, AL
. b, "SI 7 UV EFIE LT A
VIR—=F A DY RFE”,
2014 L 2 [A1F ) 1 —R SR,
B AT JE B (R X # T R H X)),
(2014.11.17)

@ FIERA, BFRER, AIZFEL, M
A, JREREME, MRS, RURPE, OISR
BTV T R o R EE
R#E-T VS F ) EEROIER, H
KT v 7 AHRE 27T L R
UL, BRERF(ERERERE
i7), (2014.9.10)

@ Keita Nomura, Yasuto Hoshikawa,
Takafumi Ishii, Makoto Okai, Takashi
Akatsu, Yutaka Shinoda, Takashi Kyotani,
“Preparation of carbon-alumina
nanocomposite with excellent electrical
conductivity from carbon-coated alumina
nanoparticles”, Carbon2014, , Korea (Jeju)
(2014.7.3)

(MEF] Gt o)

(PEZE R EEAE)
OiiRdl Gt o)

Ofsikdt Gt o)

(Z D)

B WF7EE OB Web 1k
OFALRY: ZooWEFRFIIEET A
=

http://www.tagen.tohoku.ac.jp/labo/kyotani/
@HALRY: Z e ERHIIZERT @1 -
A7V Y FEEGEE & —
http://www.tagen.tohoku.ac.jp/center/PHyM/res
earch.html
OWE - 7 /3 A AEIRILFEAFZEHL A

N BELWEEZ SR A ) _X—2 3 VA
HMEAF I - TIAT A WEET—
H =R

http://star-five.net/
@RAL KT Z e ER AT XM T —
A=A

http://db.tagen.tohoku.ac.jp/php/db/

6. HWFFTHLAR
(OIFFE R EE

+J)II BEAN (HOSHIKAWA, Yasuto)
HALKT: - ZeE R FAIFZERT - BhE
W72 5« 90527839



