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Dependences of Discharge Time and Cooling Jacket Radius
on Fullerene Production in Arc Discharge Method

Hirofumi TAKIKAWA, Masanori NAKAMURA,
and Tateki SAKAKIBARA

Toyohashi University of Technology

Fullerene was synthesized in the arc apparatus with different cooling radii as a function of
discharge time (2 to 10 min). In case of larger cooling jacket and He pressure of 100 kPa,
fullerene yield and production rate increased with discharge time, whereas for the other
conditions they just slightly increased or nearly constant. Fullerene yield had maxima at 10
and 100 kPa and minimum at 20 kPa, and weight ratio of Cy : C,; : higher fullerenes was 68 :
26 : 6 for all cases. A model was proposed to interpret the discharge time dependence of
fullerene production and why fullerene yield could not break through a certain value.

Keywords : arc discharge method, fullerene synthesis, discharge time, cooling jacket radius,
He pressure
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Fig. 1 Carbon arc apparatus for fullerene synthesis.

o 500

S s0of

g ~

25 a0f § 10 kPa

SE g o

B 2 200k g

i o 6 98 ©

& 100 100 kPa

@ A 1 1 2.
% 5 10

(a)

Discharge time {min)
Cooling jacket radius : 65 mm

2 500
i
2 1 e o 10 kPa
SE a0f © 8 o
T ® 8 o, o
2 E a00f
§ o} o] 8 o
@ 00 100 kPa
0 1 n Y i
0 5 10
Discharge time (min)
(b) Cooling jacket radius : 45 mm
Q 500
5 b e 10kPa o
2 E  300f g2 o
TR Ll
E‘ £ 200p 8 o o) 8 8
g 100k 100 kPa
[72]
0p— ) 5 BT

Discharge time (min)

(¢) Cooling jacket radius : 25 mm

Fig. 2 Soot production rate as a function

of discharge time.



Journal of IAPS 75 X2 ILAEE Vol.6 Dec.1998

mg/min TEMTIEIMERIZH 5.
3.2 75— L UHEEHOKEBREREYT

EUR LT Ths75—L UEHELY, 75—V VIERRDE, Fg3il77—L VIE
DIUBRRHKEME 2T T, BV vy PERGSmm OBE, 77 —L VKL, REREO
pENE ¥ HICES 10kPa T 12 wt% 5 16 wt% ~, 100kPa T 6wt% Hh 5 14 wt% ~E ML T
Whe ZHICHL, BEIY v/ v MEESmm DES, 77—V VINKIE, EH 10kPa Dl
&, BRI 2min TIEMN 14 wt% , 4min LLETIE 15wt 3B & BINETITE—ETH 5. 100
kPaDIBE®, WEBREICH L THE hEMET, H10wt% —ETHH LM TEZ, 51
AT v/ PREDEmm EhEREE, FHIERICZ VIS DERHLHDD, EH10
BLU100kPa T, #h2h, 13BLT10wt% TIEF—ETH %,

Figd4iZ, Fig2 03¢ TEMEEL Fig3 D75 —L VINELDRE, kbbb, BEARR:LAD
D7 7—L VERBEEZTT, RARDPOSLUTOI EDbOMN2, wHIY ¥4 v b 2EZE 6 mm D
&, 77—V VEREEL, v 7 - oECIZEERRMEET, EF10kPa TIE BRI
FHLUTHEHELLTHRNA, 100kPa CIZMEBEREOEME & SIZENT 2EEICH o

2 = 60
s = :
g 15t 10kPa £ S0F
‘_U’ . ) g g/a 403_ ° 10kPa. '
T b e | E E ° [ L
S 10f g8 © g5 sof
¢ F
- g  100kPa gé 20 g 8
3 5 5 wf g 8
> [ = E 100 kPa
<9 [ S RS BN R ST S S DU 3 ob—— e e
0 5 10 = 0 5 10

Discharge time {min)
(a) Cooling jacket radius : 65 mm

Discharge time (min)
(a) Cooling jacket radius : 65 mm

Q

—~ 20 < 60¢

r I £ ®
“; F 10 kPa e sob 10 kPa

- . [] .S E ] o L] o
< 15p ] 5 = E ° [ ] ®
T 8 ° 3.2 Y“F ¢ 32
ENe o) 8 o] > e] ',_i \Eh 30f ®
2 [ o 0 100kPa 2 E 20f
E S et 105_ g g Q e 9
=} = 100 kPa
[ 0b—u i . L = 0 M Sah .

0 5 10 = 0 5 10

Discharge time {min)
(b) Cooling jacket radius : 45 mm

Discharge time (min)
Cooling jacket radius : 45 mm

Q
;; 2(:: E 5(;_ o
E 3 10 kP: 50F °
2 st 5 8 wkmg
k=) r ° e 8= 40F | ] [ ]
s F 8 H s 2E _F
> 10F o g g soE
Q o 8 8 o] A £
g 8 2 E 20f 2 8
15 5L 100 kPa o E g o] 9 8
= £ = 10E- Q
E] L 2L £ 100 kPa
ST ST GO S S U S = o P S S T
0 5 10 - 0 5 10

Discharge time {min} Discharge time {min)

(c) Cooling jacket radius : 25 mm

Fig. 3 Fullerene yield as a function of
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Fig. 4 Fullerene production rate as
a function of discharge time.
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Table 2 Average arc voltage during discharge period.
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