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Fig.1 Experimental apparatus for laser evaporate on graphite
methods

1—vaporization laser, 2—helium, 3—rotating graphite disk,

4—integration cup
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Fig.2 Experimental apparatus for arc discharge methods

1—water for cooling, 2—vacuum, 3—helium

TE HE I, DX, YL BE 3k E1) 4000 K L) |, A 85
W Z 8 K, Fo A I B AS I B, B 5 1 S AS B KB
LXK, 3T IR DL P e A, T R K, Bk K

Chinese Journal of Energetic Materials, Vol. 19, No.5, 2011 (597 —602)

B A R I, B Cooo HUIEE Z0 5T N IR i
FEAR A A B AR e A R Ik A B
W0 B P A BN R A T Ak - 1 H b I B B 2 L2
K, EFH 100 ~120 A,G3H & 27 V,5 5 0.01 ~
0.02 MPa, H23 ¥ 5 Pa B> & &5, 7138 13% .

Sl A I ) 4 A O IE ST R R B
AR E s e R R, M 2R (He) B )
9°0.05 MPa it , & 8l 7= R B i 35 8 9% A Ao b
PR s PR SR (He  Ar 45 ) B w9 HLBS g, 76 5 4
T IR R v, C—C =z il i M L Rl A 5 445, o B A b
SRR I TR C e iR XA BLAlE , S C—C
AR T RE R, Alekseyev Fil Dyuzhev''™ xf i 3 i
T BB A 1 R AT P T R R R
(ORI E S 2 G W LR oL T 5NN s R /9 e ok a1 53
FIPE PR SR e B 5 0 2 X0 8 ) 0 7 38 7 A R, At AT
T T RFETE A 3 77 2 A, i o7 “ WOk + <
PRI TR A s o 45 7 2

H I 25 & G TR A FE IR N, B S
(B R v 7 A TG TR A7 AR A L, AR ME A B . AR
T HL T 31 G B k4 3 phy v AR At AR K X e, PR
AT A R Tl Al A 77
2.1.3 EEFUHRELARE

TEHTET T 45 8 7 AR 203 v I 55 )
ZE KA A W] DU £5 5 W i . i OO X R 7 ik &
W R 7%,

TF T3 A1) 532 i) 58 2 1A 2 1) & & 00 1) TR 3%
#7743t Churilov 217 7" k5 % B, 36 BE L R X
LT O R R %, Sanchez 4"
FEXT B FIRZE kA S i bE 8 th gl AT md PR Ae ),
BT SE R W, 5 WA 7 RIS ER E . 8T Fe BOfEAL
JECER, AT REA LA RIS . (1) IFRES, 5E HE Z 0
AR, LB R #1455 (2) Coo M9 TE BN 241 6+
SRRORR TR 52 A0 1 3R TR, Fe 32 26 & B A DG i
A BT 55 T 240X C o T B B0

S B TR R 28 A0 SR IR Y BT E 2000 ~5000 K,
IR R A5 AR X A 0, 0 A 2 B A IR A, R T R Tl
et
2.2 FERIEE

1992 4, Howard %" ¥k R LR LI P A
Coo Tl Coo FETE , JE KM MK B2 1 45 0 300045 109 F 2 o it
JETF . 2 JOME MR B2 1 15 B 6 0B i R I 7 R N
20% (b I 7= H 9 150K 10 IR L) IR 1 S I 4%
Jy: JEJ39199 Pa,C/O =0.989, B EARTAS,
A he A A

WWWw. energetic-materials. org. cn



R A S 0 B Tk I R

599

WBEN 25%

TEHR AR B 0 L0 | Howard 282 AT T %/
AR JOET R R R LR, PR R/ AR
LU RNEA P R T B AR T SIS v B DA R S g B
(B R Xk B 8y 0 1 7 2R 7 A S e AT IR X A 2R 2 AR
J7 18 (PAH) JRBEIE B & 8 64T 1 B9, UE B R0 4 %
FR B, & 8 5= R i m . 7 4, B A Takehara
2l R A S B LA L 32 [ 1 Pope
a2 o X AkBe o A B RS BEAT TRIRSE

IRIR e 1 RE 8 TE AR R R P 45 1 7 1 1 a3 A
BRI IR AL B W L, O B Sk
B G e B B b Tl AR A 7 0 2 3 T
2.3 EHHRSMEE(CVD)

AL A o3 ff : (CVD) 2 F il 485 ik 48 Kk 45
CVD Jz i ik % — M A 4 A e i rp U BR & AR AL
SR (CH,) IR S — & L BNR A AR, 7E— @ il
FER 2R TE U IR, FE AR FAE T R A1, FE AL
TN B A AR [A] IR 2 /DN ) AR BORL RS, B
A SR EE MR 7 S OB E K AR

CVD & 4L 2 (Fe .Co Ni Cu Al) fifk
FORE B AR B DX IR E B I 1) D R 3 A
2 X B 0 K A 0 7 SRR B A e T WE SR
GPRFWT WL 650 ~700 °C TR C,H,
10 mL - min~" N, & 600 mL - min~", Jz i i} [ii]
60 ~70 minfif, 7= 253k 90% L E .

CVD Bl 4B KA T 24 B AL %,
EF Tk A= o H & b F RN I A, il & 19 il 40 oK
BAEAEEREG , T R — 2 0 5 WA 3 il a5
IR AT ABURE , 9k 60 78 7 B 99 K 38 b, ME DABR &
Ry Tl 29 K A 1) SO AR L FH A R T IR ME
2.4 BHEHBHSHEIREHNEENGE

YE2 A 5 OV I, 23 7 A e Tl R MR R
SR R K 2450 55 ™ A 1 e U e R R S S N XY
W53 e A G i SR BORH A, A IR AT I o A5 A i
e R 17 S el [T £ A e T SR (0K
SN T o PRI IR S T 0k 4 R BRI ST
KO ARTE &) F £ B R BE ST R,
) T8 2 00 b o S 44 ) 4 S 7 AR RE T O R
%115 2008 4 Wang ! A5 A TNT FER#S k) B
SNy 2ok O O s A5 T H s I Bl 9N K BR ;2009
A LU A U M AR 7 A G el D R AR E T
A EF A He JEF 1 Coo 50 o

FLTE 12 4E R, Faust ™ 4842 T LR KIS W N

CHINESE JOURNAL OF ENERGETIC MATERIALS

T S A 308 o 8 X 7 0 o B Y B AR . 2008 4R R
PP 450 R R KRSl B SR OB S 4 Cooo
RESFEWFTE R BL . Coo BB S U DX 1Y i B2 %5 1)
FH I, 2 SORH B R 7 5 3 9 3 BT IR KD ALY £
Ry & s R AR S I B AR E5 4, A S TERT)
S DR S S RSP IR 2 26 F R R 8, BT LR U
JE B AR Coo o 351, TLICERIN & Coo B LAY K
B, TLICRRER T B 2 A X 50182 1) 3 K T R AR IE
1B O R PR BROR AN S E BCTLOC ER i E 2 DT EIE R
RABRAE , BT LB R A B AR

HORL A SR DB A 5 B 0 o B S i SRS
AT R K iy B SRR R T K 24 K I 1)
7L 4 i G B AT I DA o R e T) L i L #5
VEfRT 5o o ) 06 T B A 19 8 ) e A R R,
2500 ~3000 K ik i A4 ) T & #0967, K2
MRS N RE 98 77 25 R i (2000 ~ 3000 K | J (20 ~
30 GPa) , K 244 K 7™ A= 19 5 i BE AR I )™ A2 2 5 (19 11
BT BT i HLAE B IR A 7 BT A2 AL,
LIRSS SRS 7/ IEE: NI B PN R o IS D
HR M7 A 1 e AL o2 T R 1) 6 B A 2 T AT Y, T
BE AT AT KRR T A AR 7=

BR LA b A 8 B9 T7 65, & M 1 ) 45 05 1k 0 AL A
KRFAERE ™ PRI % Ak s E
B R A SRR R KRBT LT =28 O &
TR 7 AR W B AR A s ) U R A B Bk A Ll
R L S A EINE TS DI (BB
W BRI IR A s D AR Y T 7T R AN JC A H 34
HI M B o B I e — A R R i L AR, R
PRIE 2 AR BESRAN g, ) A 2o 7 P a2 B L AR LGB K
i JEE AR LR 3P AR SR 22 R R R R IR, 23 BT 45 5
i DR 28 7E B M T2 B A v 9 A L, X R g T B
M- RAHEEE X

3 EURNRERNSE

W R R e — R B el R, e
B s A R BN R — . B B Y PR Al
BLAE 3 ORI 73 B A~ B BE o $RIBUZ R 8 Co T C, 55
S R A Y B T, BT A A AR
WCRMTEE L B 104 B R Co (G SR 4Y
B, B A S RORAR @5 A A
Bk
3.1 EBHAEK

T A O L 0 AR G AR BGE A T

A he A A 2011 % #19% #5484 (597 -602)



600

BB, JEHF, 5

Coo 5 1 B FAT I7 B RV, BEAB I T 3R 20 A BIL I 511
(9 R REIUR RO R AR 5 R A ) 1 B R
AER A 2 v, TR B 23 i A g 25 ) [ O A
48 BOR W B Bl Co, A1 Co S BB I, th i 21 (8
AR LR, SR 3 OO 4 2, ] £ BEUE U AR
WEREIEH AT, Bz T SRR G E RO MK,

R Coo 18 T v ) ¥ it JiE

HY T8 OB R R 0 R AR, T AT 2 1 e A Bk
(CS,) HEAT il o AR B A, — s fe e xh &
MRS Z . £ T4 C a2 I
A AR JEE T R AR W 2 B A 0 A G
J3hh, S A H W R A IR 0, L R Sy
A HLEE A H B

Table 1 Solubility of C,, in some solvents
solvent CoH, CHsCHy  CoH, (CH;), C,H,Br  CS, C,H;OH  CH,Cl, CHCl, ccl,
solubility /g - L' 1.7 2.8 5.2 7.9 0.001 0.26 0.16 0.32

THE RS MRS A R & 4 3 AR 0 R [ 4%
RN Ty P A [) ) R AROR AR B M . LR R
TE 5L 25 25 A sl b 1 A4, o W2 30 0 ok K 44 3
400 ~500 °C, FFA15 5] 4 €0 58 €0 1) ORLIR B 2R
o) A5 3 ) H AR B AT RS 4l B K2 99% 1 Cy,
By AR AE % i A LR BOR 3 R
3.2 E¥EMN4gK

R 2 B Y R OO 5 . TEE )
I 1 A B ek AR b DL RO S A Al S B B sl Ag
IR -\ e S A RE AR S (ODS) o i 2 A1 v
ROBAH @35 v 73 2515 2 1Y & 80 2 B8 B , (B2 X
T ERCRAR, B AC, 2 H A, A RHBR ) 1 4l C,
FCo 1Y 1 45 o

1992 4f Coustel 25" K A [7) Fft 25 5 #0445 16 [7] —
VR e BV AR BE T R FH B R e s . R
FHORAET ], 25 — IR &5 i 4 31 Coo B35 95% 38 H
P& A B AT R i MR R B Co, S
REMG kT 98% ~99% , 2010 4F, Kui 2% ] 8 45 vk
G B A A B AR T 99% 1 Coo il Crg o

R R s =N = I D (Ol Ry S Y Sl aE ek 2K
BERE (o 1 T M e R N P A i 0 A
2009 4F, Komatsu"*" 7 40 Hr & B 45 19 43 B 3240 T4
P& 20 R FH T 1 o AR A B B 2l R W 0 vk, BT, X
— B E B Tk = Y, ERE, ZE 0y
O TR T R ORI 20 B R s 1
9% o AR KA (B R R DA ORI R 2E TR AR
Ay B A T R TR, dbat KRR
Fe R LS fhik I3 85 Coo 9 G, i BB Co Sl
£99.19% ,C,,i[ik 98% LA I, I H3k15 2 Wik &
Mo FERCRZEDY R T R Cyp (Coo KRB B #1485

Chinese Journal of Energetic Materials, Vol. 19, No.5, 2011 (597 —602)

AICH, B A 25 5, B 20 8 th v 4 Co 19 07 ¥
BRI TR A R A B Co BRI 7 AR A 4 6
UL TR Coo 5 Co IR AW .

R 4 B ARl R R B R LR R
2K [ S0, B 1 43 5 5 4R A T A B BCRAR T L
R AR IR FIS AR — E R I, SR
AT Y R 23 B v X R A A

4% ®

Wt B A0 IO P AE 9 8 A T TR T B ) A 0
MR AL H A3 5 HASHISE A [ S A L, 3 1]
AT AR X I S T L AT Tl A R A
AR A . 2T X — UK, B A U S
By i 55 07 R TE , SR PR AR B Tl A s
Bs Ik TR E R R R ENLLR TS
T T e A .

S ERE H IE S A WA T B A5 U 3R A W
583 W 5

S ISR AT LB R AT S . IR, OF
FEHER T M A AR A R A TR AR, R
T B SO BE I T SIAR A A BRI L B
A BT e AL & A A T2 R R R

=, AR PO A R AR A R 20 S A
77

SE

[1] Seung M L,Young H L. Hydrogen storage in single-walled car-
bon nanotubes[)]. Appl Phys Lett,2000,76. 2877 —2879.

[2] Qiang S,Puru J,Qian W et al. First-principles study of hydrogen
storage on Li;, C¢o[J]. / Am Chem Soc,2006,128(30) : 9741 -
9745.

(3] b ILif, WRIFCSE, 275 95 060 A0 0 2 14 2 00 2 0 A 0 2

At

WWWw. energetic-materials. org. cn



R A S 0 B Tk I R

601

—
IS
=

[5

[

[6

[

[7

[

[8

[

[9

[

[10]

(11

[

[12

[

[13

[

[14

[

[15

[

(16

[

[17]

(18]

[19]

[20]

FABFIE[)]. 25 ,2004,28(6) ; 243 —246.

YANG Wei-hai, CHEN Dian-bao, WANG Xiu-mei. Biological
and biomedical applications of fullerene and fullerenols[ J]. Pro-
gress in Pharmaceutical Sciences ( Yaoxue Jinzhan) , 2004, 28
(6): 243 —246.

AU U BRI, S BRADKR AR R L AE W RO [) ] A sE i
J&,2009,21(2/3): 430 —435.

LI Wei,ZHAO Feng,CHEN Chun-ying, et al. Cellular biological
effects of carbon nanomaterials[ J]. Progress in Chemistry ( Hua-
xue Jinzhan) ,2009,21(2/3) . 430 —435.

KT, EFDG, kT, E. E B Cy i T EA R TS5 1 A
SRR ], P Ei244R ,2008,57(10) : 6271 —6276.

ZHANG Hong-yu, WANG Li-guang, ZHANG Xiu-mei, et al.
Electronic structure and conductance of fullerene C,,[)]. Acta
Physica Sinica ( Wuli Xuebao) ,2008,57(10): 6271 -=6276.
Kratschmer W, Lamb L D,Huffman D R,et al. Solid Cy,: A new
form of carbon[)]. Nature,1990(347) : 354 —358.

Smalley R E. Self-assembly of the fullerenes[J]. Acc Chem Res,
1992,25(3); 98 —105.

Ebbesen T W, Tabuchi J, Tanigaki K. The mechanistic of fullerene
formation[J]. Chem Phys Letters,1992,191(3 —4) . 336 —338.
Blank V D,Buga S G, Dubitsky G A, et al. High-pressure poly-
merized phases of C,[)]. Carbon,1998,36(4): 319 —343.
BN STEZ JNLESS S N8 IR s Rr i3 N
A4, 2000,15(3) : 63 —69.

YAN Xiao-qin,ZHANG Rui-zhen, WEI Ying-hui, et al. Research
developments of the methods for preparing fullerenes[ J]. New
Carbon Materials ( Xinxing Tan Cailiao) ,2001,15(3): 63 -69.
Kroto H W, Heath J R, O'Brien S C, et al. C,,: Buckminster-
fullerene[)]. Nature,1985,318(162): 162 —163.

Thess A, Lee R,Smalley R E, et al. Crystalline ropes of metallic
carbon nanotubes[ J]. Science,1996,273(5274) . 483 —487.
JELBE, WA IR A 0 Coo BRI 8 B | R () 4 2 1
MR E L] BB ER AR, 1999,14(4) : 17 =21,

ZHOU Ying,QIU Jie-shan,YANG Zhao-guo,et al. Study on the
preparation fullerenes C, I: The optimal preparation condition
[J]. New Carbon Materials ( Xinxing Tan Cailiao), 1999, 14
(4):17 =21.

FEENZW LR E. BINES R E SRR ]. M
B R 224 ,2008 ,23(3) : 1 -4,

WANG Jin-gang,PENG Ru-fang,CHU Shi-jin,et al. Study on the
synthesis of fullerenes in electric arching[)]. Journal of South-
west University of Science and Technology ( Xi’nan Keji Daxue
Xuebao) ,2008,23(3): 1 —4.

Alekseyev N I, Dyuzhev G A. Fullerene formation in an arc dis-
charge[J]. Carbon,2003,41: 1343 —1348.

Yoshie K,Kasuya S. Novel method for C,, synthesis: A thermal
plasma at atmospheric pressure[)]. Appl Phys Letters,1992,61
(23). 2782 -2783.

Churilov G N,Novikov P V,Tarabanko V E,et al. On the mecha-
nism of fullerene in a carbon plasmal])]. Carbon,2002,40: 891
-896.

Churilov G N, Fedorov A S, Novikov P V. Influence of electron
concentration and temperature on fullerene formation in a carbon
plasmal)]. Carbon,2003,41. 173 -178.

Cota-Sanchez G,Soucy G,Huczko A, et al. Effect of iron catalyst
on the synthesis of fullerenes and carbon nanotubes in induction
plasmalJ]. J Phys Chem B,2004,108: 19210 -19217.

Howard J B,MeKinnon J T,Johnson M E,et al. Production of C,

CHINESE JOURNAL OF ENERGETIC MATERIALS

and C,, fullerenes in benzene-oxygen flames[ J]. J Phys Chem,
1992,96(16) : 6657 —6662.

[21] Goel A,Hebgen P,Howard ) B, et al. Combustion synthesis of
fullerenes and fullerenic nanostructures [ J]. Carbon, 2002, 40
(2):177 -182.

[22] Takehara H,Fujiwara M, Arikawa M, et al. Experimental study of
industrial scale fullerene production by combustion synthesis[ J].
Carbon,2005,43; 311 ~319.

[23] E4N,2Zid B L5, % R EiEEmortg)]. M
LT ,2008,10; 299 —302.

WANG Jin-gang, PENG Ru-fang, CHU Shi-jin, et al. Research
progress of combustion synthesis of fullerenes[ J]. Journal of Ma-
terial Engineering ( Cailiao Gongcheng) ,2008,10: 299 —-302.

[24] Pope C J,Howard J B. Thermodynamic limitations for fullerene
formation in flames[)]. Tetrahedron,1996,52 (14): 5161 -
5178.

[25] Amelinckx S,Zhang X B,Bernaerts D, et al. A formation mecha-

nism for catalytically grown helix-shaped graphite nanotubes[ ]].

Science,1994 ,265(29) : 635 —639.

Ivanov V,Nagy J B,Lambin P H. The study of carbon nanotubles

produced by catalytic method[ J]. Chem Phys Lett,1994,233.

329 -335.

Zhang X B,Zhang X F,Bernaerts D, et al. The texture of catalyti-

[26

[

[27

[

cally grown coil-shaped carbon nanotubules[ J]. Euro Phys Lett,
1994,27(2): 141 —146.
(287 SCH, DCHNE , XUWEHT, 45, ME2y MR A A ok BRI O I BE R s 5
BCRDV]. RAEA R TR ,2009,21(2) ; 46 -51.
WEN Chao, GUAN Jin-qing,LIU Xiao-xin,et al. Developing his-
tory and current situation of nano-diamond synthesized by explo-
sive detonation[ J]. Supper Hard Material Engineering ( Chaoy-
ing Cailiao Gongcheng) ,2009,21(2) . 46 =51.
[29] @37 IRM. EBEERRakENa0)]. FREME,1999,
7(1): 38 —44.
JIN Zeng-shou, XU Kang. Nanoscale diamond synthesized by ex-
plosive detonation [ J]. Chinese Journal of Energetic Materials
(Hanneng Cailiao) ,1999,7(1) . 38 —44.
[30] fhME, &4 A, BE 1l 299 K < 4008 T o 5 2 B9 IOk /K i 2%
IRIFIEL)]. S HEFIRE,1996,4(4) . 175 -181.
XU Kang,JIN Zeng-shou,RAO Yu-shan. An improved method for
preparation of ultrafine diamond powder-continuous underwater
explosion[)J]. Chinese Journal of Energetic Materials ( Hanneng
Cailiao) ,1996,4(4); 175 —181.
XUF A AR, 5k AR O, 4. 32 05 AR RE ) o o 0 A o SE R E Y
[)]. EHLH B 44,2007 ,22(1) : 159 —=162.
LIU Yu-sheng, YAO Huai, ZHANG Fu-ping, et al. Experimental
research on shock synthesis of cubic silicon nitride[ J]. Journal of
Inorganic Materials ( Wuji Cailiao Xuebao) ,2007,22(1): 159 -
162.
[32] 4, @ANE, FhARA, . IR A 2R IR SE I % ZrB,-SiCw &
Fil gL ]. WA 4 ARHS T ,2007,36(2) : 8 - 11.
LI Jin-ping, MENG Song-he, HAN Jie-cai, et al. The ZrB,-SiC-

waultrahigh temperature ceramics prepared by explosive compac-

[31

[—

tion of hybrid explosive[)J]. Rare Metal Materials and Engineering
( Xiyou Jinshu Cailiao Yu Gongcheng) ,2007,36(2): 8 —11.
[33] Wang Z S,Li F S. Preparation of hollow carbon nanospheres via
explosive detonation[)]. Material Letters,2009,63(1): 58 —60.
Peng R F,Chu S J,Huang Y M, et al. Preparation of He@ C,, and
He, @ C,, by an explosive method [ J]. Journal of Materials
Chemistry,2009 ,19(22) ; 3602 —3605.

[34

[

A he A A 2011 % #19% #5484 (597 -602)



602

BB, JEHF, 5

[35] Faust R. Explosions as a synthetic tool cycloalkynes as precursors
to fullerenes, buekytubesand buckyonions[ J].
Ed,1998,37(20) . 2825 —2828.

[36] WP, RE KRBV, 5. BEXEH B AU B 4 W W4 5 BT
F0)]. AL TR F KL, 2008,36(10) = 58 -60.

FEN Shou-ai, SONG Chang,ZHU Zhen-ping, et al. Synthesis of

fullerene by detonation-assisted chemical vapor deposition[ J].

Angew Chem Int

New Chemical Materials ( Huagong Xinxing Cailiao) ,2008,36

(10): 58 -60.

Yamaguchi, Maruyama S. A molecular dynamics simulation of

the fullerene formation process[ J]. Chem Phys Lett,1998,286(3

-4): 336 -342.

Ugarte D. Curling and closure of graphitic networks under elec-

tron beam radiation[)]. Nature,1992,359(6397): 707 —708.

[39] Laplaze D, Bernier P, Flamant G, et al. Carbon nanotubes: the
solar approach[J]. Carbon,1998,36(5 -6) : 685 -688.

[40] Parker D H,Wurz P, Chatterjee K, et al. High-yield synthesis,
separation and mass spectrometric characterization of fullerenes
Ceo to Cye [J]. J Am Chem Soc,1991,31. 223 -326.

[41] Ajie H,Alvarez M M,Anz S ], et al. Characterization of the solu-
ble all-carbon molecules C¢, and C,,[J]. J Phys Chem,1990,
94. 8630 —8632.

[42] Ohta H, Saito Y, Jinno K, et al. Effect of temperature on the

[37

[

[38

—

mechanism of retention of fullerenes in liquid chromatography
using various alkyl bonded stationary phases[)]. Chromatogr,
1998,19: 304 -305.

[43] Baum R M. fullerenes broden scientists view of molecular struc-
ture[)]. Chem Eng News,1993,71(1): 29 —34.

[44] 23007, WEFEW BB AT EY RGN (D], 450 P

TR Py LB 5 e, 2009.

WL PG, B GERE R E AR 2 hr

K2 H,1998,17(1): 70 —72.

ZHANG Bao, LI Xin-hai, WANG Zhi-xing, et al. Study on liquid

chromatographic separation of fullerene[J].

[45

[

Journal of Instru-

mental Analysis ( Fenxi Ceshi Xuebao) ,1998,17(1): 70 —-72.
[46] Jinno K,Uemura T,Nagashima H,et al. Separation and identifi-
cation of high molecular weight fullerenes by high-performance
liquid chromatography[J]. Anal Chem,1993,65: 2650 —2654.
Coustel N, Bernier P, Maznar R, et al. Purification of C,, by a
Chem Commun,1992,19.

[47

[

simple crystallization procedure[]].
1402 -1403.

[48] Kui S K,Yik C C,Ka M N. Separation of fullerenes C,, and C,,
using a crystallization-based process[]].
Chemical Engineers,2010,56(7) . 1801 —1812.

[49] Hare ) P,Kroto H W. A new separation method of C,/C,,-col-
umn chromatography [ J]. Chem Phys Lett,1991,177. 394 -
397.

Scrivens W A, Bedwohrt P V. Purification of gram quantifies of

American Institute of

[50

—

C¢o : A new inexpensive and facile method[J]. / Am Chem Soc,
1992 ,144. 7917 =7919.

[51 ] Komatsu N. Novel and practical separation processes for
fullerenes, carbon nanotubes and nanodiamonds[ J]. Journal of
the Japan Petroleum Institute,2009,52(3) : 73 —80.

[52] H3CT, ZWT7 , L H 55 BB Coo Fl Cro 73 B SAL BT 5T il
[J]. A8 A A1 KL ,2010,38(1) : 5 -7.
YANG Wen-ning, PENG Ru-fang, CHU Shi-jin, et al. Research
progress in the isolation and purification of fullerene C.yand C,,
[J]. New Chemical Materials ( Huagong Xinxing Cailiao)
2010,38(1):5 7.

[53] Gu Z N,Qian ] X,Zhou X H,et al. Buckminster fullerene Cg, :
Synthesis spectroscopic characterization and structure[ J]. Analy-
sis | Phys Chem,1991,95;: 9615 -9618.

[54] @B, HEEELHMLYTFEFERIMI. SH—M. Jta: &
SFHH WAL, 1998.

[55] Zhu L,Xu Z S,Sheng K S, et al. Preparation,separation and char-

[

acterization of fullerene C, and C,,[)]. Fullerene Science and
Technology,1993,1(1) . 45 -53.

Review on Preparation and Separation Methods of Fullerenes

WEI Xian-feng' >, LONG Xin-ping’, HAN Yong'

(1. Insititute of Chemical Materials, China Academy of Engineering Physics (CAEP) , Mianyang 621900, China; 2. School of Mechano-Electronic Engineering,
Beijing Institute of Technology, Beijing 100081, China; 3. China Academy of Engineering Physics (CAEP) , Mianyang 621900, China)

Abstract. The preparation,separation and purification of fullerene were introduced. We analyzed the preparation of fullerene by
arc discharge, laser/plasma evaporation graphite method,benzene-oxygen flames synthesis, catalytic-pyrolysis of hydrocarbon,and
detonation-assisted chemical vapor deposition, and considered the factors affected the preparation were the reacting region
temperature , pressure, annealing temperature, catalyst, and protective gas. Comprehensive assessment of these methods shows
benzene-oxygen flames synthesis has a remarkable advantage in cost, which is the mainstreaming approach in international
commercial process. The difficulty and key factors lie in preparation and purification of fullerene,therefore it is important to find a
quick and efficient method of separation and purification.
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