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In this present work, silica was prepared via sol-gel technique using silatrane as
precursor for synthesizing Fe/SiO, catalysts. The silatrane is hydrolytically stable and can be
obtained by oxide one pot synthesis. The effect of catalyst type, solvent ratio, gelation time
and calcination temperature on the preparation of silica was investigated. The obtained silica
was characterized using Fourier Transform Infrared spectrometer and scanning electron
microscope and was used as support for synthesizing silica-supported Fe catalysts via
impregnation method by varying the metal content, metal source and calcination temperature.
The resulting catalysts were applied for the growth of carbon nanotubes by chemical vapor
deposition method.

The results showed that the optimal hydrolysis ratio (ratio of silatrane to water) was
equal to 50:1 (v/v) when using acid catalyst, gelation time of 1 h, calcination temperature of
600 °C for 3 h, resulting in high purity silica. From the study of Fe/SiO, preparation, the
optimal iron content was 5 mol% using iron nitrate as metal source and nitric acid as catalyst.
High-surface area Fe/SiO, catalysts were obtained after heat treatment at 600 °C for 3 h. The
appropriate condition for high-yield growth of carbon nanotubes (92%) was found to be at
reaction temperature of 600 °C for 3 h under nitrogen atmosphere.
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(b) 2,000 111 (c) 5,000 111 1 (d) 10,000 1N eveeeeooeeeeeeeees e 69
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(Fe(NO,),)+H,SO, mam‘ﬁﬂmmﬁqmwgﬁ 400 DAFNUFAITHA DNIINT

Tfaudou 10 esrusaFoaaout lunal 3 214 (a) 2,000 111
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54 NINDY SEM 104 Fe/Si0O, ﬁm%uﬂizmumi Impregnation

(Fe(acac),)+HNO, mwa‘”mmmﬁqmwgﬁ 400 DIAUFAIFYE DATING

Tfaudou 10 ssruraFoanoud tuna 3 2109 (a) 2,000 1917

(b) 5,000 117 1AL () 10,000 5N oveoeeoeeeeeoeeoeeeeeeeeeeeeeee e 74
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MWOY SEM 4043 Fe/SiO, N3 88910N32UIUNTT Impregnation

a

(Fe(acac),+H,SO, MENAIMIIENNQaIKNN 400 0A U QIFEA 9131013

u
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MWOY SEM 404 Fe/SiO, N3 81u910n321UIUNT Impregnation

a

(Fe(NO,),+HNO, MenaInsengavgil 600 oesalsad 6031013

U

Tfaudou 10 ssruvaFoanoud Wuna 3 209 (a) 2,000 1917
(b) 5,000 1111 (¢) 10,000 111 1AL (d) 20,000 ENT +eveerrveeeeee e

MNOY SEM 4043 Fe/SiO, N3 88910N321IUNIT Impregnation

a

(Fe(NO,),)+H,S0, MynaIm 3Nl 600 o3fsaton 9n31n13

G

1 I & '
Tanusou 10 saradeaasun 11981 3 33104 (a) 2,000 (11

(b) 5,000 1911 () 10,000 111 1AL (d) 20,000 LNV werveoreeeeeeeeeeeeeeseeeeens

75

76

77

78

79

80

81



=
DAN

62

63

64

65

66

67

MWOY SEM 4043 Fe/SiO, N3 88910N32UIUNTT Impregnation

a

(Fe(acac),*HNO, MeNAIMHNQaNNN 600 0 UyaIFod 9031013
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Tfaudou 10 ssruradoanoud tuna 3 2109 () 2,000 1917
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68 NINDY SEM 104 Fe/Si02‘ﬁl@ﬁ'ﬂnfﬂmﬂizﬂ’mmi Impregnation

(Fe(NO,),)+HNO, tifo 1315 1ma Tavizmin 5% mevidamswniigangd

600 DR FATEE 6n3 1M INANNTOU 10 erIaFaaRo T
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(d) 20,000 1100 ..o 88
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73 NINDY SEM 104 Fe/Si02‘ﬁl@ﬁ'ﬂnfﬂmﬂizﬂ’mmi Impregnation

(Fe(NO,),)+H,50, tilo 1915 ma Tavizmdn 7% mevdamswniigaimgd

600 BIRFATEE 6n3 1M INANUTOU 10 erIaFIaRo T
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() 20,000 BV 1ceoeoeeeeeeeeeeee e 95
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Polycondensation 481U Functional group (R) %zﬁamagwmwﬁ’wmgwqu AAUMT
(1-y)Si(OR), + (y)RSI(OR"), + (4-x-y)H,0 —> R _SiO_ (OH) ,_, + (4-y)R’OH
Where 0<y<1 and 0<x<2

Ll Lo | LI (o] | CH
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| |

I I
iTOH v HO :.|| R~ F HO 85— 0 :ir O
CH H OH 0 M

H» —5i —CH

OH

A 3 aumsnaasmsinalfnsen’lalas lade [43]

.‘:n UH oH OH

HO—5——0H + HO—5 —OH —— HU—5i —0—5 —0UH + H,0
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| OH oH il
~ a ann 1 H
NNN 4 ﬁummamﬂmﬂﬂﬂgﬂimmimmmummm (Water condensation) [43]

1|}EI H OH LH

HO—5—0H + HO—3§ — 0 — HO—5% —0—5 —0H  + ROH

OH H OH OH

A a aan 1 4
HINN S ﬁllﬂ1illﬁﬂ\1ﬂ13lﬂﬂﬂ§]ﬂifJ'lﬂ'l'iﬂ'J‘]JLluu"U’ﬂQLLﬁ]ﬁﬂﬂa@ﬁ (Alcohol condensation) [43]
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[E 0] Si—0F .‘uli—l.:ul + HIC¥ .']i—.J.'w'.—:‘-"]IU 2] D W | L1 H
OH UH iH ] OH
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CiH

NN 6 AUMIUAAINIINALJNI8 Polycondensation [43]
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2.3.2 Gelation
A a . A ~ 3 A 1 b a
i]ﬂ‘mﬂﬂmﬁ (Gel p01nt) ﬂaqﬂmmumwmlauaaaaglumiazmamwmmﬂ

s '

d' @ v Aa 9 a aan d' ] ld'a Y d‘
M3FonTeany o Guis ANVl st iesnnny lvaueasgnAvihveseyniai
o v Aa o Y a I X a v W o Y
mauauTagnaalliaouesn (Deprotonate) i1 linailuilszyaudeazinamsnannuiiiln
a o g‘a ) Bol 9 o Aaaa
maANuEdes vasnniuszedhazarsesn lluaziazgnldaunua Tasmshlgase
v o ~ ° ] a y 9 2 1A = ° MY a o s
Ausanend laauiin Iiasazarelanududsuinvunas liades daazi i lanansaain

& < 2
lﬂuﬂl’ﬂﬂlﬂlﬂ%’lﬂﬂlu

2.3.3 Drying, aging ia% fracture prevention
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(Acetone)  nazmsvou laoen ladiiar Nliguugll 35 °C uazanudy 8.5 MPa Fuilu
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2.3.4 High temperature treatment and densification
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Tumsiiead§isersiliwasnuneduiiud (Activation energy) Na0IMsdHsuMIIRAL{A3 01
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IS

asvueulioysUlusssumATuuy Aouuuedagiu (Amorphous carbon) LU

U

J . . v A G .
unslnld (Graphite) BUUVLINYT (Diamond) uammuuﬂuuammyjamasu (Buckminster

fullerene)

@

A s X ' . Y = ' @
MINN 11 1 Faar UK UY (Unit cell) ﬂJﬂ\?Tﬂi\?ﬁiNNﬁﬂlm‘Uﬂﬁﬂﬁ] 1T T UDUNYT [47]

i 12 Tassadeveauns 1@ (Graphite) [47]
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A 13 TassadrevesTuana C, [47]
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2.5.1.1 3%61%?\&6{%1%% (Arc discharge)
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2.5.1.2 M Ived a3 (Pulsed-laser vaporization)
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NINA 15 1AT04 Pulsed-laser vaporization N1 1% lumsdunsizvinew luasueu [50]
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2.5.1.3 Inanazanlomil (Chemical vapor deposition)
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IEMsautuNUIdY

3.1 msniiumsnaaes
1.  Ammonium hydroxide (NH,OH) (J.T. Baker)
2. Argon
3. Benzene
4. Ethylene glycol (Carlo ERBA)
5. Fumed silica (Sigma)
6. Iron (IIT) acetylacetonate (ACROS)
7. Iron (III) nitrate (Carlo ERBA)
8. Nickel (IT) nitrate (Carlo ERBA)
9. Nitric acid (HNO,) (J.T. Baker)
10. Nitrogen
11. Sodium hydroxide (NaOH) (J.T. Baker)
12. Sulfuric acid (H,SO,) (J.T. Baker)
13. Triethanolamine (Carlo ERBA)

14. Triethylenetetraamine 60% (ACROS)

3.2 !ﬂémﬁeﬁﬂﬂumﬁmiwﬁ

1. Fourier transform infrared spectrophotometer (Bruker Optik GmbH: Vertex 70,
Germany)

2. Raman spectrometer (Spectrum GX, Perkin Elmer)

3. Scanning electron microscope (S-3400N, Hitachi)

4. Thermogravimetric analyzer (Perkin Elmer: TGA7HT, USA)

5. Transmission electron microscope (JEOL 2100, JEOL)
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o ] I~ <
Tasldonsimsl¥anuiou (Heating rate) 10 s usaiFoaaaui funar 3 $alus Tag

A= Yo =
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1 A = a 1 < L
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1.2
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Characterization Silatrane complexes
Si-N stretching 560-590 cm’’
Si-0-C 785,883 cm’'
Si-O 1043 cm’'
c-0 1087 cm’'
C-N 1244-1275 cm’"
C-H bending 1380-1460 cm’’

C-H stretching

2860-2970 cm’'

O-H

3369 cm’|
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Fabrication and characterization of Fe/SiO, nanoparticles using silatrane precursor

for carbon nanotubes growth

Watinee Klaharn ' , Manop Panapoyl’2 , Bussarin Ksapabutrl’z’*

1Department of Materials Science and Engineering, Faculty of Engineering and Industrial
Technology,
Silpakorn University, Sanamchandra Palace Campus, Nakhon Pathom 73000, Thailand
*Center of Excellence for Petroleum, Petrochemicals and Advanced Materials,
Chulalongkorn University, Bangkok, 10330, Thailand

E-mail address : kbussarin@yahoo.com (Corresponding author)

The control of hydrolysis and condensation is the key to synthesis of mesoporous and microporous
materials, through sol-gel processing. However, tetracthoxysilane (TEOS) is extremely susceptible to
hydrolysis by water. Thus, it is of interest to use silatrane, an organosilicate compound which is more
stable toward hydrolysis and can be conveninently systhesized by the Oxide One Pot Synthesis
(OOPS) process [1-2]. In this study, silatrane was systhesized from the reaction of SiO,,
triethanolamine and ethylene glycol via OOPS process using triethylenetetraamine as catalyst under
nitrogen atmosphere. The obtained silatrane complex was further used as a Si source for synthesis of
Fe/Si0, catalysts via sol-gel technique. Furthermore; multi-walled cabon nanotubes were produced on
Fe/Si0, catalysts by a chemical vapor deposition process. Various process parameters such as the
reaction time, the temperature and the amount of metal on the SiO, support were investigated. The
effect of these parameters on both the morphology of the deposit and the carbon deposited yield was

examined.

[1] P.Piboonchaisit, S. Wongkasemjit, R. Laine, J. Sci. Soc. Thailand 25 (1999) 113.
[2] W. Charoenpinijkarn, M. Suwankruhagsn, B. Ksapabutr, S. Wongkasemjit, A.M. Jamieson, Eur.

Polym.J. 37 (2001) 1441.
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