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ABSTRACT

The high-quality carbon nanofibers were prepared by chemical vapor deposition of gas mixtures of CO-H; and CyHs-
H, over Fe-Cu and Ni-Cu himetallic catalysts. The yield and structure ol carbon nanofiber produced were altered by the
change of catalyst composition and reaction temperature. The high yields were obtamed around 500°C with Fe-Cu catalyst
and around 700~730°C with Ni-Cu catalyst. and the relatively higher vields were obtained with the bimelallic catalyst
comtaining 50~90% of Ni and Fe respectively in comparison with the pure metals, The carbon nanohibers produced over
the Fe-Cn catalyst al around 300°C with the maximum yields had the hghest surface areas of 160~200 m*/g. while the
carbon nanafibers produced over Ni-Cu bimetallic catalyst showed the highest surface areas of 200~300 m*g around
650°C, winch was shghtly lower than the temperature for maximum yields. In order to examine the charactenstics of
carbon nanofibers as catalyst support. Ni and Co metals were supported on the carhan nanofibers and CO hydrogenation
reaction was perfurmed with the calalysis. The particle size distribution of Ni and Co supported over the carbon nanofibers
wele 6~15 nm and the CO hydrogenation reaction rale wilh Lhe carbon-nanofiber supporled catalysts was much higher
than that cver the other supports.

Key words : Carbon nanofiber, Catalyst support, Chemical vapor deposition

1. M = TwAE F50] Frrt oldt A T A Bel 2=

9] AMgo] SRl Qlo” sk EAduke. F1A1E g

O REE] B4 HEL I Az Fo 9xg 7 S, Azl i) e e 4 glon,
SE ¥R 2EeA 10}2‘ gkl 9] BF 2 g WHEE B Ak, 2F, C‘V‘]‘ﬂ‘ﬂ‘:’t 5 AEA T BAD
TERAA ANESICE | ATRgolA] Saloy Al wh ) ) 2 ﬂ'ﬁ'ﬂc‘] &3 - qithe TE s SR v &
7} Zigofol o 7P 2@ Ade 9 okl BHE 2 fodae el %“Hﬂ"‘}ﬁ TEE Sgekds
=E30] hgdo|n), ek vFHA AFe] X2 (activated carbon fiber)s TR RS A)AHF 2
A E4E Aofstr] Fa, 1200°C oA Dol o =, B viERy, fYs B B4 52 AU 9o

oel. Boole] MedE Atido® osin HadMEtE  BHY 9AY BRg mes RO A, 2 Alend

=504~



VAR E ohgt ke wkesle] AEst e

= UFEE Aes))

o] Hgsty JFEE v He
el Za] it

VB S(carbon nanofiberyes =H44 #Efe] &
DAREA DR} Belgie) o) BRkAE ¥EE)
= 1A SEEe] B2 25y Feo N2 o B

o golge 2 29
A 2 o) A
’é?ﬂ,&ﬁ—r]_ ENLE—

e e g S|k $lol
cl2# B RE BE FHoldk
a2 AUT) Vhsekiage] A7e a9z}
2] zzlel webd] A= 2-100 nm P2 F8A
Bzah 2 76)2 52100 mm ARtk Wimghiae
9] F2E 9 ””Q—i AR F25 JeEh e o] A4
+ B4 Foigdxale AR ok 371 HRA %ﬂﬂ
3 clEl Ae Al SETdela YAlA
L2 Flofrt. slwtA o2 Hfe) 275e Znjelale] 74
4 2o ANE Hf 2o whgEA¢ vl branched,
twisted, helical® 59 P2E= LAY o|#dl 1)
=R e Az ueh 2d8e] 71EsEe Y
AR} IR Bl AlREs e
VI EEAL 74 S71A2 5 glo|. o o] ekt

el Dt AziiwEe] wlarA gl wkegrle]

‘E 5*5‘ <) Wgs #olg FAe] gk

B A7elMe BawEe] AHES deiiA, 2 Ao
Zol 7144 A=Y nE AL S g2 gha)le

o]

27 A8 S U UrBgE dasiy Azzd

of ME i, B4 ¥ 564 FASKICH B, et
4 95) e 7K FA Nk Cool SR8 312
)

2l WAzl babo

o] 240) M NLEAL

I #esis d. 9
Stel 1A S

2. HEEHY

21 NEME ¥ 24

£ A7l AEHE B4 S45E A28 Jate]
nickel mirate, copper nitrate, iron nifrate, ammoniurm
bicathonate’5-2] 15 A2k Al26191y Az=E ks
A Sl B4 "él'?—i AAF 7] aked 15 Aleke)
AHOSAKA Co. L, % 60%)1e 441 4 33
SHATE SargEhiE o] ATl Fids pAER 99.090
%), AT 99.99%), TEIZFYE LPG, £ 03%)
2 LR 9999990310 dalElelhe) g4
FukgolA 7k2 A EE TCD(thermal conductivity
detector)-ow} FID(flame 1onization detector)S 2 E 2 ¢
H3t GC(gas chromalography) = ¥4 5153, %H(?E
99.999%312 uk/)A 2 A8F TepdlA Qatzig
AF, FIDAA wb5-A4 29 dalas) 522 23
SF3 TR

=4 505

27 &M H=

% N Ni:Cu(9:1), Ni:Cu(7:3), Ni:Cu(3:5 =
NeCo3:73] 4 717)2] $a2a)E 2599 (co-precipitation)
L2 Azsigt, 1A, Z17he] 240 tiEle] 5 g9 &
W& Az=sl7]) $ele] FaF nickel nittate L copper
nitrate 2] °Jg Asbate] 7 100 miel] Ss1AZ 0.
o] SHZ wYRAIFIHEA] 15 p2] ammontum bicarbomate
=5 B9 2282 F)E A gl =3 gom
A Fdo] %%HZV] T’ﬂ';]'”q vula] RS akF e
2 F e AR

1_. —
) A e

2 Agapela C%L 12_ . I]OC°] 1 1
= -

(aaale mDrtal) atellA] e 0}7‘1] ::éﬁf‘l?]i 218 }-g
$A17171 98 400 C°W 47 7F 9 F7) FollA }‘*S]
A7 U}?, S00°Ce A & Fe] 100 mimin®) ¥ 10
vol.% TR FAAIF] FA B FelA 2047 Bl
Hrh Fgle] TREY Heala] Fa B0 @zpa]
712, AT Bt 2 vol %] 715 EYE)e] S B9
= F5e3passivanon) AlAT HE AEEH = oY
g vhe fdelAd Al nlaEA a7 £ A
Exlel] Hopy| slekabaks. 9L o Eaeiaid &
Tq Fed} Fe:Cui9:1), Fe:Cn (7:3) ¥ Fe:Cu(5-5%] 3
7F2l2] $=ZE& non nitrate % copper mtrale= ARE-

St AFelisd], 2 A=ae Ni-Co TSy =
Eol'git]--

23 EIEEHES

SleleahbE S i H2E A2 el A 8

cm. o] 90 emg] HEH HJ—-S—?]% ]%%]—051:} s
ooz 7]»’\)

ol Ha= ,5__%,\1 7]4& A}-RETCHE] ]‘—E]—i/}é%g]
2F 100 mg?] EulE B& SFrL} boal
wg;j we7)e] H7F o)) W ud:q £l
%O%TH 5000071 24T 10 C/min® = b
A1 PHEEE 500°CA A 242 B9 10 vol% A A
7FS20100 mifmin®] 522 Sl dap=
2271 st gde] dEg s‘ﬂ. ;i% =&
She 7kl e ZEES ZEuuiE AN
TAFEY. Ni-Cu Enfjelle Qalsjekres 2akge] o
Offlz WPE] Z2TAd(40) Eﬂeﬁ% f\]%él@% L}
FA9RE AaElT $HE, Fe-Cu 21

A 36 A A 5 51999



o,
o
b
o
Ly
2
(N
P‘L
o
+
5
E
o
ol
=
rlI
oo
=
g
Wil

v ] @xlg fle] A2l #olr Btk

24. EFR[ZOje| M=

A7l vk g ool EalEle F5AEE 2
N2 @abelew 4847 et AEldl] AASHT F
L ol 45t HAE TP T EAF 5w
o S EHE 24 Y nickel mirate 2! cobalt nitrate)2
chH B Io] vhegkAs o) thal esta 110°ce)
QRN 2445 AFSEY ARE F6E 250°CH
7] B7lelA] 1587HES 2AA 7Hd A Bint
24 abslEE D@t 400°C)A 547 B9 AE
o 348 10 vol B2 £4E Ealdx SA7]5, 4

i

stk 5 w2 S Ee] B4 ElEg BAS)SIT

25 CO F=28HHks

T2 vke 7 (fixed bed reactor, W73 2 crm)ol]
AF 300 mge oHEA HEIEEs SREd 28 bk
719] 7hed] e ZAAFZ, W0°CAA M7 Bt
10 vol %% AF S4E L2 AP o dat
L W2 T 50-400°0)2 ARAF) 2 WeEe) COM,y/
He £ 7122 100 mimm®] 502 )% 27
AT AAEL) S F)H 2R Gooll 2le] SEE
Har, Ewje] vheEge WS B FFEet MEATER

A4kt

=

O|O

[s]

3. @3 9 g

31, LI EAMFo M=

o5 7R GFEE ALl Wk dRE AlEE)
den, £9 Feol Ni& AME3lo] Azg gk
E PFS} PN2E, FeCu(w:b)®t NiCuab25H Axd

=ERAHS FCa bt NCa b 7tk E7189t).
Fig. 1& £923) Fes} Z4o] ME t2 Fe-Cu &9 5
A Lrzo] HEle] w2 vhiaed, F, ) A
oY & ehh A F 734 Y cabon deposit®
2 AP 282 Jepd Aotk 100 mgd] FHE A
g3l dAHe s oF (0~18%] 785 AUt =
Fe Erbe Fe-Cu EE=rolA] mukd o= 8o =5t

295357

< MF
TIFCEE
QFcTa
INLLE

Yield (%}

a T T T T T
400 500 1] Taa
Temperature [°C}
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carbon monoxide-hydrogen (4:1) mixtwe over Fe and
Fe-Cu catalysts
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Table 1. Pore Size Distribution of Carhon MNanofiber and

Activated Carbon
Micropote | Meso & macropore | Total pore
volume(cc/e) volume{cc i] volume
~304 30~2000 (colp)
Nanocliber
(FC55) 0.086 0.287 .37
AC 0.44 0.03 (.49

Fig. 6. SEM obscrvatlon of various carbon nanofibers. a) PF at 550°C(<X5000). b) Co/NC73( 100000) ¢} NIYINCS5( > 100000),

d) NifAe ( X100000) and e) Ni#/TIOs( »<100000).
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