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Collision Synthesis and Characterizaion of Carbon Nanorings
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Herein a unique mechanochemical approach to produce sophisticated nanocarbons is r
eported. It is demonstrated that unique carbon nanostructures, including carbon nanotubes, carbon onions,
and new carbon nanorings are synthesized by super-high-energy ball millin? of steel balls. It is considere
d that the gas-phase reaction takes place around the surface of steel balls under local high temperatures
induced by the collision energy in super-high-energy ball milling, which results in phase separated unique

nanocarbons. This study also shows the mechanochemical synthesis of metal oxide nanoparticles such as ilm
enite with a high-temperature and high-pressure phase by the super-high-energy ball milling.



X C—19, F—-19, Z—19 (Gt#®)

1. WSO 5

IINE TOMEBIRICB VT, 5 LU iR
RO DLGE. FME ORI > T\ e,
LU, iEDF /777 7 ao—oERIC L
0. FUHE TH A ARMRE & ) IR 1
952 LT, RN RS 5 L
Mo TETZ, TOD, MEBRRICEIT ST
J UL T ORI EESIE, bbb [
J7av Ty ) 7TV =g ]
ONESIT RO TEHE LY >OH D, 4
HBix, L, BENOLMWMEEY 7T/
F— A — TR RS L o RErE S <
TUTIVOBRBNEELEEZLND,

H— R I7 VT, 7T7—vr, B—
RNeF ) Fa—T, 772N T T 7
7 A4 NO@EKRT I ERTH Y | FHERRIC
L0 FoELEENEHRIC TR ST
W5, Flo. =R F U ST FORRE
et HEEICH KT D 2 = — 7 T B RO
PEORFHE b BRI TR S Tns, L
MLENG, ZE CEBICAKR S-S
FHIES | BoHF /) ~T IV T LD—2Th
b, ZHUTK UARHFEE X, TE, h—FR
T =T U T NOHREREER T | AD
BRZSICE T L, mdilERER— LIV EIEAL
TEET R X — 2L, ZAF— LR —Lh
bhH—RrF V7 (K1) OEMRITHR
THIOTRREI LT,

77777777

Elﬁ*ﬁV%/UV%@Tm(t)%i@‘
ARM () BE

2. WHEOHEM
AWFRTIEI—RF 72U v 7 OERRE
R 2 R0 L R BRE ICm T T E R AR T v
T ADRBEIROWE LB Lz, £/2. &
— R T U T ORI At R
BRUT CRENT « BEAN L. BrBAREER B~ It
AlREME 2 BT LT,

3. WrFED ik

(1) =R F Vo TEROERET ot
A AT OREZEAF S

AF— ML (R—)V) & WEErZ 8 ) 1l
IR EIZEVD =R T TR
AR TEAZLEINETICRABLTWS
(K2), £#Z TARIFIETIE, AF—ILAKR—
ANOME ., HETXALE—, IANOFHK
HERRPICE (LS, A—ARF VT
DR BRSO E 25 2 D BUG SR 2 gt L.
FSHERE DfEI 23k I de, 7eds, EBRIZIZBE
WAL TV D midilE A — v I vEsE (i
Rixmom/) (1606) 25K : X 3) 2
A L7,

Compressible and

Sheariqg forces Pot

\ Collision

Centrifugal
force )

Ball

Revolution

X2 @mEERER— LI NIZE DT —R T
=T T IVERK

4 3 mEdiE R AN — L I VAL E

(2) H—=RrF U7 0REEDMEDRRE
Hr - FEAmAFSE
H—R_RrF Vo TroEE (A X, A
FZUT 1. RFTRNEE) & EBEYMECRE R
L OBRERE LTz, ek, I—ARrF Y
VT OREEBIERIT, IS TEM <SP AFM Zf5H8 L
TITHOM, ZORE, SIRILMNES T 7 4 —F
WL OERE L2y SFHE L7z,



. MR R
(1) =R F )V TEROERET ot
xg%&ﬁ@%%ﬁ”

FERTavRICB T I—HR T Y
T DR &GS 2D OGS (AF—
NAR—IVOME, HEEZRLX— ILAD
FIHRE) O bER AT, ZTOREER, B
— R F =T U T E R LY AF—
wﬁ~w§ﬁﬁ%@%%%ﬁ2mﬂEUﬁ>
FHRRTE (/R y PARy b K4) |
0. AF— )VHIMFET DJRF L~ LTh ﬁ
LEEREBOTIHEIINC LD DL EE LT,
Tz, VT HEEOTERITIEE WS 55
HhTHDZ LENphoT,

Somdb g

X 4 T av 2L B h—ReTF Y T
RET I

X2 =RV T OERERDM A H
L. VAU~ D T —R VOB A %7
Frlzy BARRZRRREE Ui, iR (=4 ) —)L,
BiEAA V) BLORE (RIWKFRITR) Fx
BEL, A—ARrF U ToEKICHE L
BRI MRS LT, TORER, =& ) — 3D
— Ry F =TIV TAOERE LTHET
HHZ EERHE L,

(2) I—RoF U7 0Lt
B - FHAFSE
H—RrF ) T OFEELZERT D

7o, KR (FRAL - AT, ARAME
I, w7~ %) wEME L CEEmEE
S LT F72. I—ARrF U T OREE
(AR, AT VT 4, RFTRMEE) &5
WEMPE DR A BT LT, Z DR, Hfge
D ATHERINDII—KRF /) ~T VT
JUIE. 220nm {5 TWIN &2 FFD 2 & A3l
e (IK5), ZORIUIERD 7 T —1
F=Ar, T Fa—T TR VR
ETH DI T, FHPEZICE
VN TSR T A AR B A TE T 2 R
FFEHEOEMAE L THMD TRKEWY
HTh D,

15

(@)

0|

o
.

Absorbance

=2

=
T

-

0ok
200 400

Wawvelength fnm
X5 h—ReF =T VT NOESN - R
WL RFIE

(3) BEERER—/ILI LD EESTEY
BRI
AF—IR—L & FHZ =T (Ti0,) F /KL
F % Gl R R — L VR IC L B
(R NEREEDL LTIV EHBEMTH D
ANVAFA B (FeTi0,) /RN EKTE
HZEERH L, Zhix, RETENZIEMEL
SENTATF—NEE (F/Fy ARy R)
DELEF X =T OB ED D LEE
BT, £72. A VAT A FOAERKIZIE 100G
PL bz s )] TR IR — v I VALER S %
b%ﬂ%é EERMEER LT, S BITHRITIE,
mEMOA VAT A~ (Fe,T10,) R°F ¥
:T(ﬂﬁ%ﬁ@)ﬂ%hmf/M%%ﬁm
R L TWDZ & &, EOfREEDTHIRAE
PAMEEfEAT (X 6) St (SPring-8 :
BLO2B2) % ffi o7z X #REHT N — 2 L0 %
L7z, ANVATA PRTF X =T OEREE
FIZ 7 b—%—HhCTRAEIN, ki,
Fe,Ti0, ¥HIZ & A ¥ E> RT Bt L%
WTHIO TAR (§ 1700°C —35GPa FE &
FEEME CH D, £ THEIL, mEEilEE
f~w NEERLEHEE T e A2 X5
ICRE S, BBANSE TR INZBEETEY
BORIBICHRT 5 T ETH D,

Region A Region B

M 6 milkmEHA VAT A FEFZ=T

5. ElpFEIGm L
(WFFEREH . e
(=S

Gy K OSEEERTIEH 1

EEams) (B2 1)

(1) T. Hashishin, Z. Tan, K. Yamamoto, Q.
Nan, J. Kim, C. Numako, T. Naka, J.-C.
Valmalette, and S. Ohara, Quenching
Ilmenite with a High-Temperature and
High-Pressure Phase using
Super-High-Energy Ball Milling, &3¢
A, Scientific Reports, 4:4700, p. 1-6,
2014, DOI:10.1038/srep04700

(2) Z. Tan, S. Ohara, H. Abe, and M. Naito,
Synthesis and Processing of Graphene

Hydrogels for Electronics
Applications, # @t A, RSC Advances,

Vol. 4, 2014, p. 8874-8878, DOI:
10. 1039/ c3ra46856a



(¥R GH1 61F)

(1)

(2)

(3)

(4)

(5)

(6)

(X))

S. Ohara, Fabrication of Pd-DNA and
Pd—CNT Hybrid Nanostructures,
European Materials Research Society
2013 Fall Meeting (47 #F & 7 ),
September 19, 2013, Warsaw, Poland
S. Ohara, Mechanochemical Synthesis of
Nanocarbons and Ceramic Nanoparticles
by a High-Energy Ball-Milling,
European Congress and Exhibition on
Advanced Materials and Processes 2013
(¥ 7 #% ), September 11, 2013,
Sevilla, Spain

S. Ohara, Mechanochemical Synthesis of
Carbon and Ceramic Nanomaterials by a
High-Energy Ball-Milling Process,
IUPAC 8" International Conference on
Novel Materials and Synthesis & 22™
International  Symposium on Fine
Chemistry and Functional Polymers (3B

FF# ), October 17, 2012, Xi’ An,
China
S. Ohara, Mechanochemical Synthesis of

Carbon and Ceramic Nanomaterials by a

High-Speed Ball-Milling Process,
International Union of Materials
Research Societies - International

Conference on Electronic Materials
2012 (#AfFakiE), September 25, 2012,
Yokohama, Japan

S. Ohara, Mechanochemical Synthesis of
Carbon and Ceramic Nanomaterials by a
High—-Speed Ball-Milling Process, 4th
International Symposium on Functional
Materials (¥BFFii#), August 5, 2011,
Sendai, Japan

S. Ohara, Novel  Mechanochemical
Synthesis of Carbon Nanomaterials by a
High Speed Ball-Milling Process, 12th
Conference of the FEuropean Ceramic
Society (#fFa#i#H), June 20, 2011,
Stockholm, Sweden

GFofF)

(PEERA PEHE]
OiRdL G o 1)
Ofufsikdt Gt ofh)

(Z DAh)

AR It ot
http://www. jwri. osaka—u. ac. jp/research/
research06_1. html

6. BFIEHLR
(1) WFFERA

KJF % (OHARA, Satoshi)
KRR - AR FOFZEHT - R Tz (F
E))
7eEHRES: 00396532
(2) g s
L
(3) HHEAF I
i (NAKA, Takashi)

W - BORHIFSCREAS - 0 dm i S B Al
f - EHEaFsER
WeEH‘ = 30344089

¥ 9L3% (CHIHARA, Hiroki)
KIRPESERS: - B - HEHSZ
& ES 70379296

47 B (KANEKO, Kenji)
JUIN RS « KEZB TMFGER) - Hif%
&= : 30336002

.
A
H

f



