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Fig. 3.1 Flow chart of the development of substrates and catalyst coating in this study.
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Fig. 3.2 Raman Spectrum of the products on a ceramic heater for synthesis
temperature of 850 °C. Fe nanoparticles embedded in zeolites are attached in the center
of the heater.
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Fig. 3.3 Raman Spectrum of the products on a ceramic heater for synthesis
temperature of 1000 °C. Fe nanoparticles embedded in zeolites are attached in the

center of the heater.
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Fig. 3.4 Raman Spectrum of the products on a ceramic heater for synthesis

500

temperature of 850 °C. Co nanoparticles embedded in zeolites are attached in the

center of the heater.
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Fig. 3.5 Raman Spectrum of the products on a ceramic heater for synthesis

Intensity

temperature of 1000 °C. Co nanoparticles embedded in zeolites are attached in the

center of the heater.
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200 nm

Fig. 3.6 SEM image of the surface of a ceramic heater for synthesis temperature of
1000 °C. Fe nanoparticles embedded in zeolites are attached in the center of the heater.

Observed many fibriform materials are curved.

100 nm

Fig. 3.7 TEM image of the products on the surface of a ceramic heater for synthesis
temperature of 1000 °C. Fe nanoparticles embedded in zeolites are attached in the
center of the heater. Observed fibriform materials with a diameter of about 70-80 nm
are distorted.
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Fig. 3.8 SEM image of an Fe-supported nichrome substrate by a dip coating for
synthesis temperature of 650 “C. Observed many fibriform materials are curved and

tangled.
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Fig. 3.9 Raman Spectrum of the products on an Fe-supported nichrome substrate by a
dip coating for synthesis temperature of 650 °C.
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Fig. 3.10 SEM image of an Fe-supported iron-chromium substrate by a dip coating for

synthesis temperature of 650 °C. Many fibriform materials are observed.
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Fig. 3.11 Raman Spectrum of the products on an Fe-supported iron-chromium

substrate by a dip coating for synthesis temperature of 650 C.
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Fig. 3.12 SEM image of an Fe-supported iron-chromium substrate by a dip coating for
synthesis temperature of 650 ‘C. Many fibriform materials grow up to the substrate

vertically like a honeycomb.

Fig. 3.13 SEM image of an Fe-supported SUS304 substrate by a dip coating for

synthesis temperature of 650 °C. Many fibriform materials are observed.
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Fig. 3.14 Raman Spectrum of the products on an Fe-supported SUS304 substrate by a
dip coating for synthesis temperature of 650 °C.
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50 nm

Fig. 3.15 TEM image of an Fe-supported nichrome substrate by a dip coating for
synthesis temperature of 650 “C. Observed many fibriform materials with a diameter of
about 10 nm are curved and hollow. Yellow arrows show catalyst particles on the top

and inside of fibriform materials.
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e

Fig. 3.16 TEM image of an Fe-supported iron-chromium substrate by a dip coating for
synthesis temperature of 650 “C. Observed many fibriform materials with a diameter of

about 10-15 nm have hollow tubular structure.

f

s —

Fig. 3.17 HR-TEM image of an Fe-supported iron-chromium substrate by a dip coating
for synthesis temperature of 650 ‘C. As shown in yellow arrows, observed MWCNT

with a diameter of about 15 nm has 15-layers structure.
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20 nm

Fig. 3.18 TEM image of a Fe-supported SUS304 substrate by a dip coating for
synthesis temperature of 650 ‘C. As shown in a yellow arrow, observed fibriform

material with a diameter of about 10-15 nm has a hollow tubular structure.

(a) Nichrome

(b) Iron-chromium

(c) SUS304 10 mm

A
v

20 mm

Fig. 3.19 Photograph of (a)the nichrome,(b)iron-chrome and (c)SUS304 substarate

after heating.
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Fig. 320 SEM image of the surface of an iron-chrome substrate for synthesis

temperature of 650 °C. Fe nanoparticles embedded in zeolites are supported on the

substrate by dip coating. Many fibriform materials grow up to the substrate vertically.
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Fig. 3.21 Raman Spectrum of the products on an iron-chromium substrate for
synthesis temperature of 650 °C. Fe nanoparticles embedded in zeolites are supported

on the substrate by dip coating.
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50 nm

Fig. 3.22 TEM image of the products on the surface of an iron-chrome substrate for
synthesis temperature of 650 °C. Fe nanoparticles embedded in zeolites are supported
on the substrate by dip coating. As shown in a yellow arrow, observed fibriform material

with a diameter of about 5 nm has a hollow tubular structure.

Fig. 3.23 SEM image of the surface of an iron-chrome substrate (no catalyst) for

synthesis temperature of 650 °C. Many fibriform materials are observed.
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Fig. 3.24 Schematic diagram of heated portion of experimental apparatus.
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Fig. 3.27 &N Fig. 3.28 |2/~ 7. Fig. 3.27 Y Fig. 3.28 Oy taRHIT/RT & 9 1TV —
RN ) Fa—T7EEbnoWENRROND. BEEEZREL 7L 25, Fig. 3.2712kBW

T3 5 nm, Fig. 3.28 IZBWTIE3~4 nm DI —R T ) Fa—T PR T2, FriZ
Fig. 3.28 ICA LN AWEIL, HFZEMEEZATH I L LEEN 3~4 nm THDHT2H, —fikH)
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72DWCNT R 3 gl —Ro T /) Fa—TOEFLFEBETHLZLEEBRETDHE 2~3F
DA—RF ) Fa—T7OrEEEREWEEbs.

T~ AT "VIIERE R % Fig. 3.29 L Fig. 3.30 (27”9, Fig. 3.29 LV, ZHET
OFEL L [FERIZ G/ID /NS WO T, AR ORE XA, b LLTELT 7 A H
— R EORMBMN LN EPNRB N, RSB D T~ AT FVHIE
FERTHD Fig. 3.30 # A5 &, EIZ SWONT EHREHIBH SN D T = — 7 OEE I~
DOARFEIREN % L7z 100~300 em! &72 0 |2/ H4v 5 RBM(Radial Breathing Mode) D
=75, SEOBEHIB W TIIAMICHR TE V. Ko T, SWCNT IIfFEL2RW,
H LI E—27 L L THERTERWREDO IS DB LMFELRWI LR EN
7-.

R~ OFfIEAFELE AT 4 v 7« a— MEPOH FIRICEEL, T4 v 7« 2— MEIZ
HARTEZL O 2 HEFRE S 723, 2 CTHMEENR 200 O, FANTLESTVNT,
ZDI, TABELNF ) Fa—TBRERSN T RWARERDH S EBbhs. ko
TREITIE, EORRBERBEA DI TN D03 FEIZEEIC TR L.

100 nm

Fig. 3.25 SEM image of the surface of a silicon substrate for synthesis temperature of
900 °C. Fe/Co nanoparticles embedded in zeolites are dropped on the substrate.

Fibriform materials grown at the zeolite are observed.
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Fig. 3.26 FE-SEM image of the surface of a silicon substrate for synthesis temperature
of 900 °C. Fe/Co nanoparticles embedded in zeolites are dropped on the substrate. As

shown in a yellow arrow, observed fibriform material has a diameter of about 9 nm.

Fig. 3.27 TEM image of the products on the surface of a silicon substrate for synthesis
temperature of 900 °C. Fe/Co nanoparticles embedded in zeolites are dropped on the

substrate. As shown in a yellow arrow, observed MWCNT has a diameter of about 5 nm.
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20 nm

Fig. 3.28 TEM image of the products on the surface of a silicon substrate for synthesis
temperature of 900 °C. Fe/Co nanoparticles embedded in zeolites are dropped on the

substrate. As shown in a yellow arrow, observed MWCNT has a diameter of about 3-4

nm.
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Fig. 3.29 Raman Spectrum of the products on the surface of a silicon substrate for
synthesis temperature of 900 °C. Fe/Co nanoparticles embedded in zeolites are dropped

on the substrate. (higher wave number region)
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Fig. 3.30 Raman Spectrum of the products on the surface of a silicon substrate for

synthesis temperature of 900 °C. Fe/Co nanoparticles embedded in zeolites are dropped

on the substrate. (lower wave number region).
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DI IR AT 4 MRBIEO Y U a v ERA~O T2 1 {72971 LR
ST 6 TV 7L NOFIEO~BD% 7 1t A28I1T 5 &% Table 3.1 12757
F 7= Table 3.1 WOXEIOE &I, MEDORES, ~ U a L EROERNS I —R L b—F— |8
il L CWNB 7, INEVE, U o ERBRFNRNEY, B—FRrNEY A< 2 LRt S
T, AREOERELEMRICHD Z LIXTERWEY, Z3BRELT L. £, 7tk
AZBF LV TN ROH TN OV ) 2y EROREOFTE (5H A~D) #Th<
+ Fig. 3.31, Fig. 3.32 1R

Table.3.1
BHE[g] BHE[g]
yarER 0.15303 )avEiR 0.16788
TR 0.15310 BT 0.16843
IA/—)LIZBLi=f# | 0.15308 IA/—)LIZBLIz#& | 016812
500°CIZfnEhi% 0.15304 500°C(ZhnEi% 0.16790
BR® 0.15305 | 3 ARk 0.16795 | 3
LEETOYUTILI EFDEEQ) GEETOYUTIL I EFDEE]
BE(g] BHEle
BT 0.00007 BT& 0.00055
IAR/—)LIZELT=%& | 0.00005 IHR/—ILIZELT=% | 0.00024
500°CIZ/in#hi% 0.00001 500°CIZfn#iik 0.00002
EHE 0.00002 | 3% A& 0.00007 | 3%
YT 1 OMEEREASAADOEE(Q] | 4TIV I OMEREEASAFDOEE(g]
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Fig.3.31 Photograph of silicon substrate of sample I . (A)after dropping
catalyst-supported zeolites, (B)after soaking in ethanol, (C)after heating at 500 °C,
(D)after the synthesis.

2
Fig. 3.32 Photograph of silicon substrate of sample I . (A)after dropping
catalyst-supported zeolites, (B)after soaking in ethanol, (C)after heating at 500 °C,
(D)after the synthesis.
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Table.3.1 OfEF LV, =% /=R T 7 a2 AT 3~6 FEIRREDOHMEENF A NE S T
LEI T ENDrolz. F2RD 500 CE TERZMEST 5702 AT, TNETHEST
W2 IR~ OHERED Y 8~9 EIHBINTHEDLTCLE D Z El¥bhote. ZIUTEROIEE F
FAZE D B EPH DT v 2 — NV OEFENIRIN & B 2 Hivd. Fig. 3.31 & Fig. 3.32 1T~ ¥ &
212 500 CITHEN U 7= BEREC, fEENIE L A K> TWRWERTF 235, DlED Z &
5, LA HERE SR E TV — WRTICIRT 2 L, EREROBRE ERICHE S =&
J=VOFAUC X o THANTLE S Z & 2B S HIENEITIUE, ZOMEITMkT 52
EMTERY., Lo TARIZIZOMBEA R TE L L) ICEBEOUREE 2 7-. 3.43HiT
T DEELREITV, MRERT.

3.4.3 EARBAFC RS2 M 2 BB L 7 KR
(7= ) o RERMBIEDBIFE)

342 BT LI, THETORPEMBMAAFRCL LA T eEATIE, £H5L
THERD AR NLTNE WS IENH D . Z DT DT A~ O RlBEHEFE IR IE A 3
v Z T K B BMIEHEREICIR SN TE 2. Ay ZIEIC L D R~ Ol R E I,
SWCNT #4532 7= ICfifilfe 235 2 /VL B % 1 nm OJERITHE L=k E 7L
I — JWEAHIEIC BT SWONT #437-M7E3d 548, BROfMIiEEZH T 28 R0 A8y
HAEBNNEERZ L L, 1 nm O AR & HAIZ R LT uE7e 597, 2l
@ HETIEZRWIEL RICXY, EdiL - EREE7ZR SWCNT &7 v & ABRFE D72 D fx
7RG RRT DRI, SWONT A RICB W TEERSBAEIZ OV TE D EMR~DHE
FRIEMN ARy Z 1570 EOEFEOIIIRE ST LE D O, MEPRE DR Z KX Bl
TLE . EE, WHETIE RS RMEERIZBWT, ANy ZIELDSOfEHRER - HEFEE
ELTC BATA FEMAT D HENNCE ST, &51cF 4 v 7 a— MEEEHT 5718
& T, ENENEMEZ SWCNT OB MAHE SN TS, 2 b OKAHIEIZIB W THE
T bR « HERSVE A B T, TAa— VRIEIC L A e e RICHEAT A 2 &
%, WEECTHLZ ENINE TOEL OERER N REINZ. (3.2~3.4.2)

Z OEIIE A FEPT D72 12 Fig. 3.33 1277 X 912, EROBMICT T AL ®T
v I REHRNT, EEAEOLEBEWERIT CHERE T Va— RS TITmET 597
~ U UBIEMOMEAAR A BIE 2 BA%E L72[9]. A3 b2 030 E 51, BRI T A
WD REEZANTRLTWDA, FEEIZIZZOL R0 REIFTA- TR, ZDXH
IRORZER ZRIH S 5 Z & T, FEBOINETT, MBI HER N = ) — W FIZIR D 2 LA
2. Rl AR T m ' A& Fig. 3.34 17, WRIZLLTFIZRT. 7235, Fig. 3.34 OF =
EFIEOFRZITENENSIS L TWND.
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ORISZERNICERZZBEA LN L= /) — )LHIZRET 5.
QOFBNOLEZINERITERSIND.
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XIE IR D 2 ide . RICER Z B 5.

@IRE LFICE > THEROTHOT 2 ) — AN L, RSZEMNICRAICIRAT S Z L
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@m#EAEIFIT 5.

Front view

Carbon heater Si substrate

Glass plate

Bottom view /
.'-D:Il' 2 (R z '-D:I:L"
S w&ﬁ [

Ceramic plate

Central cross-section

Ceramic plate

™

Glass plate
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Fig. 3.33 Schematic diagram of sample holder.
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Ethanol Ethanol
vapor vapor

Fig. 3.34 Schematic diagram of synthesis system.

FERA~OfEHERREI, 3.4.1 KO 3.4.2 & [RERICIERE S U 2 o AR~ il L FF 2 47 o
MEEBIR 2R N L, TOEREMWTARERZIT o7, MRS 3.4.1 L1V 3.4.2 &
FERICE AT A FEELK 25% T E 2L FZ2RE LHEFS 7. F728k - 291 Mlit
HEEAT A MG RE =X/ — /VEEN 0.01%& 705 L5 ICHH%E L7 Bk & i
L7z, MR bl 7 B RRIRE 2 3R 9 572, 700~1100 CT 50 CHE TV, F7-
JNEAREE 104 & L.

AEIRE 700 °C, 800 °C, 900 °C, 1000 °C, 1100 CTHAL L7=E D SEM #1234
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REZThZEN Fig. 3.35~Fig. 3.39 |27~ ¥. Fig. 3.35 lRT X 9 ICARIEE 700 CH SEM
BIZEBNWT, R FIROEAT A FBHERTE 5. L7 L, SEM B TIXZ OARIRE 700 °C
TIEEATA FUANOWE IR T D Z LN TE o7, RIC Fig. 3.36 [T X HIich
IR 800 CTIXEAZ A MDY 2785 X 5 ITHHEROWE R CE 2. EHITKRIZ
Fig. 3.37 \Z/R$ & 9 ICARKIEE 900 ‘C TN 2 0 £ < OBHEROME N HER TE /-, Lo
L, Fig. 3.38 KU Fig. 3.39 I[Z/R 9 K S IZE IR 1000 C, 1100 CTIX )/ Fa—T7 L
BN DHER OB IIHR TE R o7z, V) a R a L & 28y ZIEIC
ikt 2 MERE X TR TP BEAROINEA A 1T - 720792 [6] Cl, 1000 CLL ED A pkiRE T, a%ﬁf‘éid:
OWENERENT, 74V DROFIDTBREDOWE N ER SNT- L VDo - HER ST
. AllOFEFR S 1000 C, 1100 CTH7= Y OFmIETIETF 2 — T IR TIER L, 74V 200
@%'J@ﬁ’”‘):i;:otT EMED S 5. SEM BIEHER LV, ARGEE 900 ChH7-v vt/ F o
— 7 ERRICHE L TWDIRETH D Z LRI Lz, IRICAERIRE 800 C, 850 C,
900 °C, 950 C» TEM &5 % Fig. 3.40, Fig. 3.41, Fig. 3.42, Fig. 3.43 [T~

Fig. 3.35 SEM image of the surface of a silicon substrate for synthesis temperature of
700 °C. Fe/Co nanoparticles embedded in zeolites are dropped on the substrate. A

fibriform material isn’t observed.
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Fig. 3.36 SEM image of the surface of a silicon substrate for synthesis temperature of
800 °C. Fe/Co nanoparticles embedded in zeolites are dropped on the substrate.

Fibriform materials on catalyst-supported zeolites are observed.

1um

Fig. 3.37 SEM image of the surface of a silicon substrate for synthesis temperature of
900 °C. Fe/Co nanoparticles embedded in zeolites are dropped on the substrate. Many

fibriform materials on catalyst-supported zeolites are observed.
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Fig. 3.39 SEM image of the surface of a silicon substrate for synthesis temperature of
1100 °C. Fe/Co nanoparticles embedded in zeolites are dropped on the substrate. A

fibriform material isn’t observed.
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Fig. 3.40 TEM image of the products on the surface of a silicon substrate for synthesis
temperature of 800 °C. Fe/Co nanoparticles embedded in zeolites are dropped on the

substrate. As shown in a yellow arrow, observed MWCNT has a diameter of about 5 nm.

Fig. 3.41 TEM image of the products on the surface of a silicon substrate for synthesis
temperature of 850 °C. Fe/Co nanoparticles embedded in zeolites are dropped on the
substrate. As shown in a yellow arrow, observed carbon nanotube with a diameter of
about 2 nm seem DWCNT or SWCNT .
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Fig. 3.42 TEM image of the products on the surface of a silicon substrate for synthesis
temperature of 900 °C. Fe/Co nanoparticles embedded in zeolites are dropped on the
substrate. As shown in a yellow arrows, DWCNT or SWCNT with a thin diameter are

observed.

Fig. 3.43 TEM image of the products on the surface of a silicon substrate for synthesis
temperature of 950 °C. Fe/Co nanoparticles embedded in zeolites are dropped on the
substrate. A fibriform material or MWCNT isn’t observed.
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Fig. 3.40 DA RIEE 800 CH TEM 4 T, AR TRT L IICEAT A B akE
L7z Lo HER 5 nm FREOMEROME MR I, ZOWEIE, PEMEELET
%5 ZLmb MWCNT Th s &b b, Fig 3.41 OARIEE 850 CH TEM 4 TlE, &
FIREE 800 CORGE & FAERICER 5 nm BEDT /) Fa— T WHER I L, £ Lo
KHICRT LT a—T7 DL lVWFa—T7 b R6NE. ZOFa2a—7DELE
EREG-7-EZA, 12nm Tholm. 2O LS, —f#HI722 SWCNT =° DWCNT ®
ERLFERECTHDLZ EEBETHE SWONT, &L < X DWCNT Tr\wnk Ebhsd.
Fig. 3.42 OARKIEE 900 ‘CO TEM 4 Ti, HEA% nm ® MWCNT & 12 3 SOk
FICRT & 912 SWCNT, & L<IZZDARY KL L7zb?, £721E DWCNT TidRunind
Bond 070N F 2 —7 BB Sz, L0FEMARBIgsnE L Bbnsi=n, 4k
IR 900 CIZHEBWTILE HIZ HR-TEM #4517 ->72. Fig. 3.43 OERKIEE 950 Clz>
WX, TEM #8522 ClE, 1—R>F /) Fa—TLEbnI2WEOWRNESETDOEZAT
T TV, SEM BIZDORER I E R TELET 5 L 1000 CREDEIRIZR D & AT
Fa—TWRTIERLBIOFEIEL > TLEW, BAUHRE 950 CIZBWTHZDOMERH D,
Dip L BARIEE 900 ClEED—RrF /) Fa—TRNERTE T ARNnEEbhs.

A RRE 900 ‘CTARL L=kl HR-TEM #5452 T Fig. 3.44~TFig. 3.47 |1
7. Fig. 3.44 IZBWTHEABRMTRT L 572 DWONT B2 T 5 2 &N TE . 2
NHOF 2—71F% 0L, ME4 nm BE, NE3 nm B ThH-o7-. F7 Fig. 3.45 2BV
THHEORTRT L D ICHEE 2~3 nm O DWCNT Z RN TE 72,

Fig. 3.46 28\ TlE, HEAKREITRT XL 9 ITHERE 2.1 nm OEMRELRIZIRDO SWCNT A3
T-o & LHEGRTE . £/~ Fig. 3.47 ICBVWTHBEAKHITRT L 9 RELAL 0.9 nm D
SWCNT 238 T 7. 728, HR-TEM #2212 X 5 SWCNT OERZRIL, 77774 FOJE
fFR(0.335 nm) % i AfEH » 7-.

RIZ HR-TEM #1212 & > T SWCNT O G A RS C & 7B R EE 900 ‘C ok dids &
MEWESEIL CTD T~ v AT MVAIERE R4 E 4L Fig. 3.48 & Fig. 3491277, &£
72 TEM #1222 & - T SWCNT OERAE 2 5115 850 ‘COmEi ks L OMEH Sk etk ¢
T AT MVTER R A2 ZZh Fig. 3.50 & Fig. 3.51 (2R . KISZEM %2 5% E L7
WTE OO DOTERE, AR &, ALEEHERRIE S OGRS IEAN Fig. 3.48 L [Afk7: Fig.
329 DT < AT MVHIERER LT 5 &, G-band O ENE : 72 cm1—66 cml, G/D
o 0.75—0.64 L7720 TWDH Z E0D, HREAICRISEMEHRE LI LT, TELTY
7 AN =R ORI Tr ooy, AP OREEITLE L TWD 2 EDURB ST,
F-ARIEE 900 CTL 850 CHOLETIX, G-band O -EEMR N G/D eItz & pkiEE
900 CDJ5i s RAFIe i RAFFT-.

Fig. 3.49 127”7 X 912, 232 cm™ |2 SWCNT OFF(E% EAF 1T 5 RBM(Radial Breathing
Mode) PR CTE /2. 7/ Fa—Tno0 7~ U HEUTIEE T <~ 2 FE L7 < Tyt
Wiz, 1 FBEOBREREOLDOFERNDF ) F o — T OEESMITHER TS VN
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[10][11][12], D= 248/ @ reM(D:SWCNT D EFE[nm], @ zasRBM O & — 7 {ifE [cm1]) D B
BREAND &, AR SN R EHIEAR 1.1 nm 2D SWCNT BNFEELTWDH Z L ix

B X 7=, F7= Fig. 3.50 3 X O\ Fig. 3.51 2R T X 9 IZBRRIEE 850 CH T~ AT |
JVRIERE RS AR 900 °C & RIEEIC 232 cm™ (2 RBM OB — 7 MR T 1. 72726k
IREE 900 COHNRFRVIRE TH D72, GAIRE 900 CD A%< D SWCNT 234 S
NTNDZEERBELTCWD. 7B, SAUEE 700~800 C, 950 “CIZI3\ T Sarik
DT~ AN SIEZEAT 72D, WL b e/ RBM O E— 7 [ 3R TE o7z 2
EXD, ZOFEREMTORERAMIEEIX 900 CThHD EEbND. 5FETOT La—
JVIEFRIETIE, TEM B2V T SWCNT 7> DWCNT W DA O LS T
Wihofe i, AEIFE AL, T —VREZZR LT, X0 EEARBERREEZ v
e 7 =) U RENRINEAEEZ ERETDH 2 & T, TEM VT~ v A7 FVHIERS B ol )57
IZBWT SWONT OAKROREBICKII Lz, L, EHELESRA WS, ZhUds
FAE T RFICROSZERIN &2 72 L CW D =X ) — VZREDS, WAk T 2 Z & TRUGZERIC

S IVB AV IANTHERD=Z ) —VIZEDPS>TLED. 2D, %*);U:O)ﬁﬁil%&(}i
D HPNE S TODATREMEN E. > TREICIZZ O ED S EE R A 5.

Fig. 3.44 HR-TEM image of the products on the surface of a silicon substrate for
synthesis temperature of 900 °C. Fe/Co nanoparticles embedded in zeolites are dropped
on the substrate. As shown in a yellow arrows, DWCNT with a diameter of about 4 nm

is observed.
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Fig. 3.45 HR-TEM image of the products on the surface of a silicon substrate for
synthesis temperature of 900 °C. Fe/Co nanoparticles embedded in zeolites are dropped
on the substrate. As shown in a yellow arrows, DWCNT with a diameter of about 2-3 nm

is observed.

Fig. 3.46 HR-TEM image of the products on the surface of a silicon substrate for
synthesis temperature of 900 °C. Fe/Co nanoparticles embedded in zeolites are dropped
on the substrate. As shown in a yellow arrows, SWCNT with a diameter of 2.1 nm is

observed.
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Fig. 3.47 HR-TEM image of the products on the surface of a silicon substrate for
synthesis temperature of 900 °C. Fe/Co nanoparticles embedded in zeolites are dropped

on the substrate. As shown in a yellow arrows, SWCNT with a diameter of 0.9 nm is

observed.
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Fig. 3.48 Raman Spectrum of the products on the surface of a silicon substrate for
synthesis temperature of 900 °C. Fe/Co nanoparticles embedded in zeolites are dropped

on the substrate. (higher wave number region).

101



Fig. 3.49 Raman Spectrum of the products on the surface of a silicon substrate for
synthesis temperature of 900 °C. Fe/Co nanoparticles embedded in zeolites are dropped

on the substrate. (lower wave number region).
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Fig. 3.50 Raman Spectrum of the products on the surface of a silicon substrate for
synthesis temperature of 850 °C. Fe/Co nanoparticles embedded in zeolites are dropped

on the substrate. (higher wave number region).
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Fig. 3.51 Raman Spectrum of the products on the surface of a silicon substrate for
synthesis temperature of 850 °C. Fe/Co nanoparticles embedded in zeolites are dropped

on the substrate. (lower wave number region).
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Ethanol Ethanol
Vapor Vapor

Fig. 3.52 Schematic diagram of synthesis system.
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A RUIREE 850 ‘CR U900 CTHEL LA D SEM Blaiht R4 4 Fig. 3.563, Fig.
3.54 |Z7~7. Fig. 3.53 &\ Fig. 3.54 (27 & 9 ICA IR 850 TR U900 CTHK L=
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/wMJ‘%oCwm&ﬁkioﬁ&ﬁﬁﬁfw77/x~7bwﬂ*ﬁ%%%n%n
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— 7 OEENAITHR TE RN, D= 248/ o ey OB RE VD &, ARIRE 850 °C
TILERM 1.1 nm FEE DO SWCNT MFAEL TWD Z LIRS, ARIRE 900 ‘C T
B 1.1nm & 1.4 nm F2E DO SWCNT 2AFEL TS Z EAURIR ST

SEIDOFEBRIZBNT, RISEMA~OEFRENEEZEE LoV 7~ U o XEBRINEGE % 5
AL & T, AR TR IR ZELY 7 F TOAMEE CHEMRMNEPITIR Do),
T3 — VRAEIZ BT DR E T o Te FERA~DOHEFEIE N ANy ZIEIZRE SN TLE
9LV BBEAERIR L, Ay ZIEDSN OB ARBEHERR L, & BRI 5 L 5 22k
EHEHRE S 720, AESEIR DR B IR R LTz,

FIEFBEAELLE L2 LT, I3 A7 MVAEREIZE W TS G-band O
ML 7ol LD ARMOMIENLE L TWD I &R I N,

REICABORELZIRRD . 5%, AP O GD hax@Emb s Z EnngE s bbb,
ZDREDIZLTO XL SIE 2. BURTIE, RISZERRNICHFIET DRFRTH LTS /) —
IVAEKICXT LT, O &NV X570, REOTY ) —VAEKNBT ENLT 7 AT —
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Fig. 3.53 SEM image of the surface of a silicon substrate for synthesis temperature of
850 °C. Fe/Co nanoparticles embedded in zeolites are dropped on the substrate. Many

fibriform materials on catalyst-supported zeolite are observed.
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Fig. 3.54 SEM image of the surface of a silicon substrate for synthesis temperature of

900 °C. Fe/Co nanoparticles embedded in zeolites are dropped on the substrate. Many

fibriform materials on catalyst-supported zeolite are observed.

Fig. 3.55 HR-TEM image of the products on the surface of a silicon substrate for
synthesis temperature of 850 °C. Fe/Co nanoparticles embedded in zeolites are dropped

on the substrate. As shown in a yellow arrows, SWCNT with a diameter of 1.1 nm is

observed.
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Fig. 3.56 Fig. 3.565 HR-TEM image of the products on the surface of a silicon
substrate for synthesis temperature of 900 °C. Fe/Co nanoparticles embedded in
zeolites are dropped on the substrate. As shown in a yellow arrows, SWCNTs with a

diameter of (a)1.1 nm and (b)1.6 nm are observed.
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Fig. 3.57 Raman Spectrum of the products on the surface of a silicon substrate for
synthesis temperature of 850 °C. Fe/Co nanoparticles embedded in zeolites are dropped

on the substrate. (higher wave number region).

109



1500 }

Intensity

1000

50 100 150 200 250 300 350 400

: -1

Raman Shift [cm 7]
Fig. 3.58 Raman Spectrum of the products on the surface of a silicon substrate for
synthesis temperature of 850 °C. Fe/Co nanoparticles embedded in zeolites are dropped

on the substrate. (lower wave number region).
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Fig. 3.59 Raman Spectrum of the products on the surface of a silicon substrate for
synthesis temperature of 900 °C. Fe/Co nanoparticles embedded in zeolites are dropped

on the substrate. (higher wave number region).
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Fig. 3.60 Raman Spectrum of the products on the surface of a silicon substrate for
synthesis temperature of 900 °C. Fe/Co nanoparticles embedded in zeolites are dropped

on the substrate. (lower wave number region).

3.5 /NE

3ETIE, BEFOSWCNTA K GE L D « K= A N THOE ML 72 SWCNT A fk & 5l A
7.

W7 NV a— VG REZBBE L C, MY A T4 FEBM LT I v 7 b —F — KR
ZHWT SWONT OF R Z AT & 2 A, ) 70~80 nm FEDHEHER DWE SRR S 7o
SWCNT OARIIMER TE ol E7 Iy 7 b —F—TIHRELT NSV, H—7h0
BN CTH- EORMENRNTH D EBbhz. ko Thkv@ Lz —&—FEikEk
HiCRIR L7,

(2) BIROARRIE L-HPTE, BRAHRE KL, EIXNENEDORL S 3 SO&RHE=
ryuah, g7 vk, SUS304) %t —% —& L CTRFT L. SSRE2T v 7 -
A= hLZZNbDERBEREHWCTEREREZIT o1 25, k7 v LERIZIBWVTE
ICEDERDINE o212, %< O MWCNT 28 HARIZ Hle RSP IR T& 7= 2 &,
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$72T v AT PARERRDD GID ¥ b@mnoZ Lind, 3 DOHERDOTT,

Bk v DIERNZE LIZIBRTE, ARICHE LZERTH D Z LRSS, &5
SWCNT O&RkE Bfe L CEMEHF AT 4 2T 0 v 7« a— N LTk v A 5%
HAWTERLIZEZA, 5 nm FBED MWCNT OA KAV ETIEIH D NMERTE7Z. L
L, #7 o BB ROMBIERANER CTE R om0 E ) a2 U ERICBIT L.

(3) © U = VAR A I 2 BT 2T 0 ER L A B AR IR HE A LT
AT A% & DI/ otel, T/l a— Vi TRMEA )2 O O, FEL TV = &
PRSI LD B Shiiew, B~ ORHRIEE T 1 v 7« 20— MEN DI FIEIC
I URIEHERR 2 %0 L 7= AR 21T 7. ZOFEE, 3~4nm & DWCNT % L< 13
3 /80 MWCNT L Ebh 2 WEAHERTE 7=, L LML # 251 2 I kiR c, %
DI RS DI & b7, FEC & OREEREEAHDAL TV 3 1O T 217
Rt FORER, 1EEAEOBEAARTICHAN TG 2L Rbhoiizw, KIZE
D RE DA 72 RV % 1R - 7.

DIERDT IV 2 — VIR FHE O HAR R P RS 22 2 5% L7 2 & T, FAUmEa, g
ZHARD = ) — VIR D TICA R ATEE e 7~ U U REEBINEE & 5 B &k
BaEBRLUE. TOHMERIETEREZIT IR, AKIEE 900 Clok i) 240
HR-TEM #l22 & O AKIEE 850 C, 900 CIZHi B EMM D T ~ » HELHAIER F 0 5
SWCNT DAL A MERT 2 Z LTI LTz,

(B) WDH T~V U XIEMINBIEIZ BN TH G TR, BN =% ) — W FIZiZH > T
LEWV, AR EOMIE & OVERM DR DBNED TWD RN ST 7o, AR TREE
TREABIZHEMPDIE IR DRV L I IS ZEM~DOERGAEZEREL, 7~ o
BIMBYEDH B 21T o7z, ZHUC L 2T, GROBEER CTHEBMKFITIR S ZRNn=D, R
Ry BIEDS OB R, S OIIXRET 2 X o it b A rIae & 72 0, filglt
BAROEPEBHZILR LT, 7 a— WRAREORE & &b RCR 5 O @ O AR SR
 FH B & el 2. 72 SWCNT A RiEDMESTIC RS L 7=,
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