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Abstract—In order to establish the reaction conditions for producing carbon nanofibers by passing a commercial pro-
pane gas over Cu-Ni and Ni catalysts, the experimental conditions such as catalyst composition, reaction temperature and
gas flow rate were varied. It was observed by SEM that the obtained carbon deposits were mainly composed of carbon
nanofibers with the diameters ranging 50-300 nm. The carbon yield and structure were dependent on the catalyst com-
position and reaction temperature. The maximum yields of carbon nanofibers from propane decomposition were obtained
at temperatures from 650 to 700 °C and the higher yields were obtained over the alloy catalysts containing 50-90 wt% nick-
el than the pure nickel catalyst. The specific surface area and electric resistivity were measured as the key properties for
the electrode application of a double layer capacitor(DLC). The carbon nanofibers from Cu-Ni catalyst had relatively high
surface areas of around 350 m*/g, while those from Ni catalyst showed about 150 m’/g of surface areas. The electrical resis-
tivity was also dependent on the catalyst composition, raging 0.05-0.25Q - cm and these values were much lower than
those for activated carbon which is currently used as the electrode materials.
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Fig. 1. Schematic outline of flow reactor system for carbon nano-
fiber production.
1. H, cylinder
3. GH; cylinder
5. Rotameter
7. Carbon deposit
9. Quartz reactor
11. Gas chromatography

2. N, cylinder

4. Regulators

6. Electric furnace

8. Ceramic boat
10. Temperature controller
12. Recorder
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Fig. 2. Diagram of electrical resistivity measuring system.
1. Brass piston 2. Hollow brass cylinder
3. Isolating material 4. Carbon deposit
5. Resistivity tester

o 248 & ol 52 ¥ 5709 Bu] AL 9¢ S 3o} N
9] Ao] BF oA d APPYAL Eo p, g, 1,5, L, u Y vE 7
3I3L ol2 e Z2o] Asg zhzke] YA B $8-2 A4
st}

1H87] AFe] 7kx 248 GODS 6200, B3A| 280 (F)]2 24
3lod=d], B320)23} 7357 (FID, flame ionization detector)’} A4
AR B J&W ScientificA}] capillary column(GS-Q, 30 m X
0.542mm)E AHE-3IAch 839 B2 ¢35l &5 T2 7an)
ol AR wg, ot % i) skA YA EE] peak S
€71 #18te] 50 )ColA 2min FAA1A C, 2 C, 7}AE AT, &
4% 20 °C/min© 2 180 °C7HA] &2t3 387 180 ClA] 7|4
7le wieR Zeg, wigke] Z2dal, q8)3 C, o)Ate] w4
&F A5k

A44€ 742k carbon deposite] ] WAL 7T7KoA 2T
ZA1A Quantachromerle] zHE Fwid] &A% (Autosorb-1)& A}
£31 ZA3ct A7) = %] 248 Espinola 1218 g
83 A2 A AR A= AA Aztsigd oo Fig, 29}
o] vehlislch. #5232 9 hollow brass cylinder Stel] A el 7
A A8 FEE WA, Frsl o) Uxshs S e 3
T HAES ARSI F HAE Alo|o] YES Wy UxtEe
7hk AejelA F Ao $F AR Abo)e) A3 HIOKIALS mQ
HI Tester 32200 2 &4 3sl9ic). A g9 AL A5 223 A
o AgghellA] A 57} gl Aeie) A3zt wiZol o8 43514
o FHE 40,000psizlA] WA FHA A7) e 2] o
ol ®E WskE 3439 E, 8T 1IN HOZ 4328l A2y
ol EAshs FEYAEL AAXNA o] So] A7|A g}l v]x)= 3%
< AFRgke}l. =3}, SEM(scanning electron microscopy) 3 ¥
pore £4-& F3}d AAF carbon deposit®] o] 7}x] T2 E B3t
stdct. & AY=AolA §4% carbon deposits= HHgZ Aol ufe}




vlAR AR Az 2 24 37

efzke] Apol7} QIR T SRR 6] 50-300nm FE = §lA|
Aol el et

3. d3 9 @

Ni ¥ Cu-Ni §2Zvlj¢} T2 :44(4:1) 97k~ 50 ml/mine]
fr&o2 2 A7k 4k 500-780 °C 2% WSl 33t A RS
o, A= carbon deposit®] F-Al= 2.0} Zujo) =Ajo) wla) Pt
ARk g 1-3g2] oA dejxel. AxFER) 7 (SEM) 3L 3
700 °Ce]3}e} uhg-2- %ol iR wlAAf(1000m $25)9] e
Ae o UKL, o} 2ule] A wle) PAto S 2 o)
T3 22 Felj} F=yx FAZAG Fe7) glgded Foae
Hell7l vlmA] 22 v RS JRlE AL BGa v EHg L v
5 150400m7g9) ¥-2& Jepligict. =3, AT Zuje) =
Aol et wislsigled 0.05-025Q - eme) ¥W91S et

3-1. 259 HF

Fig. 32 &< Nis} FAle] A& t}& Cu-Ni 21 34 &x9)
Wl b Bagg, F, kI AT YD S AT F 1
A2 e) 2] carbon deposit® 2 HIHE 28-S vjehd Zocl 50mg
o F9% $12 Zag:sa@:]) EWAE SOmimind] F50
2247 < SHAAE d, AR oF 10:50%] $82 A
A} £ Ni Brhs Cu-Ni §2& o] Hubd o2 42go] &9}
o} dubg e g Aoy x5} FTIESE £80] IR 2
LolA] oA go) Zhislgded o] AL mlAgA e AR A
AUFez 49 & ek Svlxde] F4= askear) £
HiA FEEH A ©B4aEAe] F&]UAL 02 L=
A, glake] Aol Sl o) w7 AR AL
2 olaj= 1 glch4]. I LM FEYARHA SaEAe
Fikatg o] g5wtAlol ] oleidt ke 59| Frld)| uje} wel
A vlARLg R o] A% Y, L RN E &5
7t FTHESE d3lea 7hae] F3be) o)Ay ol¥ ¥4
o] vlARtaAfrol AAEEE F9sle 257} FolA4E 4
0] ke Aoz A= lri{10,11].

Cu-Ni®| 7% 2|3 580] 700°C $-2l4 dolF 1, £5 Nig)

® Ni:Cu(9:1)
B Ni:Cu(7:3)
* PureNi

F
[~

Carbon Yield [ % ]
N
[=]

500 800

Temperature[ °C ]
Fig. 3. Effect of temperature on carbon deposition yield with various
catalysts using a propane : hydrogen(4 : 1) mixture.
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Fig. 4. Effect of catalyst composition on the yield of solid carbon
produced from decomposition of propane at 600 and 650 °C.
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Fig, 8. SEM pictures of carbon deposits produced from the interaction of Cu-Ni and Ni catalysts with C,H,-H,(4 : 1) mixture.
(a) Ni: Cu(50:50) at 650 °C, (b) Ni: Cu(70:30) at 650 °C, (c) Ni: Cu(90:10) at 650 °C, (d) pure Ni at 650 °C, (e) Ni: Cu(70:30) at 550 °C, ()
Ni : Cu(70 :30) at 600 °C, (g) Ni: Cu(70 : 30) at 750 °C.
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