Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2022.23.2.637

cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 23, No. 2 pp. 637-642, 2022

7k Ylcutold] fo 24 44" SnO Ylke7xE 5FA

- *
o, a715"?
t RSHESEE, *SUsin AAKSEEE L

ol

22

J

SnO Nanostructure Composites Directly Grown on Carbon
Nanofibers

.1 . . 1,2
Mee-Ree Kim', Ki-Chul Kim
"Department of Intelligent Information Convergence, Mokwon University
’Department of Advanced Chemical Engineering, Mokwon University

2 % ULAAE dots A7 YR MAASHY FEsts AL Y& 880l oA v Fasitt 13
T29 7H2 Umto|H(CNFs)E W9 2 HEHA B4 4 £2 A7|A=Ee dA% EAHO=E Qlsto] Saf, SH5hAl
Al d g Fol2HA|(LIBs), SHAMHAE, d548d HFHA 53 22 ovA AR HAfE SEHT) et
9] SnO ¥t=A| &A= LIBs9 =44 € 7tAdA o] S8Ht £ dAtoAe We &2 HEHEdE 2= 3D
SnO@1D CNFs thatel UL EJAE F&s5t7| 9lsto], A7MAME O R A2E 7H2 vheato]H 9ol Thermal CVD
£ o]85t9 SnO YR ES A5 SnO@CNFs Ui Bt 9] RS AANET FAAENH & &
A5k, AT B4 ST XA EYXRD)LE EA519 . A2 SnO Ul Eo|ES0] Y939
CNFs 9o =A5HA A=A}, 2hebEgd st XRD 423, 3D SnO nanoplatelets® tetragonal +325 7FA| 1L
AT} 3D SnO@1D CNFs YeE3AlEs w9 =2 v|BxHd E4S 27| g =2 589 d7|ssh 3-8
28d & 9 AeE JgE.

Abstract Designing desired nanomaterials with controlled size and shape is a key factor for the
nanotechnological application of these materials. One-dimensional carbon nanofibers (CNFs) have been
widely used as functional materials in catalysis, chemical sensors, and energy storage/conversion
applications such as lithium-ion batteries (LIBs), supercapacitors, and dye-sensitized solar cells due to
the comprehensive properties such as ultra-high specific surface area, excellent electrical and thermal
conductivity. Nanostructured SnO semiconductor has been used in anode materials of LIBs and gas
sensors. This study aimed to realize multi-dimensional 3D SnO@1D CNFs nanocomposites with
ultra-high specific surface area. SnO nanostructures were grown on CNFs fabricated by electrospinning
using thermal CVD. The surface morphology of the SnO@CNFs nanocomposites was analyzed using a
field emission scanning electron microscope. The crystallographic property of the SnO@CNFs was
characterized by Raman spectroscopy and X-ray diffraction(XRD). The results show that SnO
nanoplatelets were grown vertically on circular CNFs. According to Raman spectroscopy and XRD
analysis, 3D SnO nanoplatelets exhibit a tetragonal structure. The 3D SnO@1D CNFs nanocomposites are
expected to be used in high-efficiency electrochemical applications due to their ultra-high specific
surface area.
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Hieazfe] 7719t mekE Alofsto] AAsta F&@st
We7]&9] S-8of 3lojA wi¥ F835itH1,2l.
1Y Yl 2 E 7HHA 243 A7)1AE B4
sy og Qhystal ZskrH]

7HL  Ylcmbo|H(Carbon
NanoFibers, CNFs)x= 1x19] 712 Y% H(CNTs),
22419] T e Al EQ §A) thfet Fofo] 385
U F8F 7154 HeaeltH2,3]. 7 YkeF
B o8 298 B 7KL A, 4 & 2
¥ CNTs& 58 CNTsE 28k 57g0] 80]dHA|
23, J#E YA Ex Yk o] 1Fd 1y
YA ES A5k 3740 sttt v 7HE
L-3to]H= polyacrylonitrile(PAN) IEAE A7HA}
(electrospinning)stal AR 2 €slalgE& AA H]
7 golstA 1A Uetx FHE FEL £ Ut
A71A B4 B 7P, PAN €99 5, Al-IA
E(syringe tip)¥+ Z#E(collector)?] AT 52 22
st} 4= nm ~ 4= pm A4S ZH= CNFsE <47 did
Aoz ARt 4= Qa1 H7AF 3 Foll e B4
g =t e {571 EAaAE AR & A
oh. o]t AHE ol8ste] CNFse ggEeldx
(LIBs), +o7iBAIE, =88 HEAA 5 22
oA A% 9 HE AR FGBETH2-4]. EI =2
HIEHA S 2= E4F ol85to] &1, 7HAAA, Hlo]
RAME ZEEI, F7], AH|, Ee A8 o}
(filtration)oll = S-8=TH2-5].
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372 mAh/g BlWSt] £ o]EF
875 mAh/g, SnO; 790 mAh/g)S 2l QJo]A A
LIBs®] &=2A2 F52 Uil QItH4,6,7). E3F Ats}
A Yeddfle w2 HEHE E47 gHeA] E408
Qlste] 1T FIAAA AEE FES W gt
[8,91.

SnO HietFEg FAske HiHS F8H 7|9
It (hydrothermal synthesis)[7,10], B2 oA
ZZH(PLD, Pulsed Laser Deposition)[11], 714 &
291 thermal CVD(Chemical Vapor Deposition)
[1,12] 5 c}oFslAIEE, thermal CVD WOz AJAE
Sn0 YFEEe IFEZEY Sn0 Uktzz 2%
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AAA SnO H=TF2ES] HEHAZ FSHAZTH
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7HE Uemto|HE Fig. 1 ()° Hepbd Az 22 A
7|9 AKelectrospinning) < ©]-8sto]  AZ3IH.
PAN(Polyacrylonitrile, Mw=150,000  g/mole,
Sigma-Aldrich)& Dimethylformamide(DMF, HPLC
Grade, 99.9 %, Sigma-Aldrich) €1 12 wt%= A}
204 12417t 52t wRksto] EARSI, BARE 1R
A+ 8H-Z 0.5 ml/hE pumpingsh 84S €2 AJH
A "(21G, A7 500 pm)oll= 15 kv 144 A7t
s+t PAN HeAdRE tip? 15 cm Eojxl A
foil(ground)oll A71AFSIAEE. ©]F 280 °CollA] Aks}
914(5 °C/min -, 60 min ¥4, 5 °C/min ¥2)
800 °CollAl &&}4(5 °C/min %, 60 min F4],
°C/min ¥Zh)<& XYsto] CNFsE AlZFetait.
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Fig. 1. Schematic diagram of (a) electrospinning
process and (b) two-zone thermal CVD
system



7HE yieztold flo 2 4JgE SnO UieT2E S

SnO Y7229 M2 Fig. 1 (b)oll Uehd At
Z2 two-zone thermal CVD A|AEE AR8-Sto] 7R
ieatols Qof] AT} thermal CVD A|AHE 2
Q1% 9179] A9 quartz tube)°>&Z chamber”} o
olA %on, powder FHIQl €T EZE 745
(vaporization) Al7]& heater 13 7|%9] 25 & &=
ZHog AoJgd 4= Q= heater 29 ATE 2ET 4 QL
t}. SnO Wret2ES 4] st source= SnO;
1+25(99.9% Trace Metals Basis, Sigma Aldrich)E
ARESElTE HEEES  dFHY E7F(alumina
crucible) ?toll go} AF# bl Yl heater 19] F4
Bof| XA 7HE Ykeao|HE quartz plate 9ol
AEAZ F A3 252 Aloj=)= heater 29 F4°]
AAAFHE. MFC(Mass Flow Controller)& ©]-85}0]
I5E Ar(99.999%)2 olE7tARE  ARESE] 1000
sccm (Standard Cubic Centimeters per Minute)2.
2 ZHF= o)A heater 13} heater 25 3A7Hs
ot Z¥zF 1070 °C 9 424 °CE 71€s3itt. olfff gate
valveE 2Zste] AW 9] 4= 545 Pa(4 Torn)o| =
L& 51903, CVD WY 42 A48 4EA
(capacitance manometer)Z Z743}%tt. CVD AlA
oA SnO WetxREo] AAEE 7R i
K-type thermocouple® Z%3}tt.

74 vhicatol 9lof JH SnO YT xES &
HGLE AATEE FARAERA (JEOL, JSM-6500F,
FE-SEM)Z ol&ste] #4511, 44 SnO Ytz
E9] AAsH4 E4L2 Raman spectroscopy (NOST,
FEX)2} X-Ray diffractometer (Rigaku, SmartLab)
B A

SnO Ye72ES A% HAF9 CNFsY &S
FE-SEMO2 £-A45}o] Fig. 2 of UeRfSIT,. Fig. 2 (a,
b= A7THAL = AR I gelabdS A% CNFsY

Folth SnO UiktzEo] 44E7] A9 CNFs= Al
£°] & 500 nmolx, EH-2 FLstar wiEet 259l
A& AT 4= Ut} Fig. 2 (¢, )& CNFs Yo SnO
U2 Eo] E $9 Bgolrh SnO WeF2E0]
Ao wket A Q1 CNFse| &74o] k7t #ol AL,
325t SnO Y= 20| E(nano-platelets)E°] CNFs
o W] ddetdEA  FAF  WRFC E(vertical
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A% HAUSL VLS (Vapor-Liquid-Solid) &4}
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=
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2 3713 & Y=mEHo| SiFS(self-catalyst 23
#HS 2 FE EFu mHoR oA A&

=N

(supersaturated)=|o] Zmig<4 sfol|lA 243} =&
Ipgolct. wiiZof| VLS9 ¢ ZuidA 7] 4 FF
o wet et &9 2717t 27 €} ¥hdo] VS 34
2 3715t | deEdo] 7|% HHo| FFEE 7|%o]
Sa4 WRES Y49 g7t ofvst 71w #9
9] surface defect &2 dislocation 53 22 2r&7],
2] self organization(SnO2] 7% Sn) So°ll 2l5)
8S{condensation)¥]°] “d%dh= ZHgolch

Fig. 2.

FE-SEM images of (a, b) Carbon NanoFibers

(CNFs) before SnO Nanostructures(NSs)
growth and (c, d) after SnO NSs growth on
CNFs, (e, f) after SnO NSs growth on SiO2/Si
wafer. Left images are low magnification of
10,000 times, and right images are high
magnification of 50,000 times
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FE-SEM £423}, CNFs EHo| £A|5= surface SnO/SiO_/Si wafer
2
defect ¥ dislocation 5ol 23 AHFAlo] A& E]o] SnO/CNFs
— CNFs

SnO Wet2Eo] Q=L VS A% HAUSE A
=]t CNFs 9 SiO,/Si wafer & A% 7|5 w2t

AZE Sn0 UwgzES RHFA] thE AL
Si02/Si wafer Erh= CNFs EHo| © @2 surface

defect®} dislocation 5°] BE0] U302 QA
FHoE AP siteZt ThFsta, @EbA SnO Vet
ZE0] CNFsY] #Hol| A3t ko g EFo1A 4%
= Zlol12].

thermal CVD 3402 444 A3&E F49 24
g BA357] 95te] Raman £42 33519tk SnO
etz Eo] 44=7] A9 CNFs, SnO HYet2EO]
4375 SnO/CNFs, SnO/Si0/Si wafer Al&of| H5}o]
Raman EgHo2 B3t Z3LE Fig. 3004 YeRARL
=8

CNFs9 4% SnO 4% AF HF &4 YhetzxE
o4 == D band®t G band7t ZH2: ok 1328
em '3 1582 cm oA TEAFRILE G WAL C-C
bond9] stretchingell 71Q18lH, sp* 7}29] E4A 9]
n]3o]cH5]. D 3= defectol s &/dt=H, D T
9] intensity= disorder?] &= QugitH5]. & A7
WA 3oz AZE CNFs9 EHolE AYst o
surface defect, dislocation 59] disorder”} &A5}
= AL & 4 Y, o]gTt disorder’} SnO Yl tx
£9] VS 43-& F-5to] CNFs EHY| SnO WYet%
Eo| EE5HA 443t Aolth

Sn0, A,
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SnO/SiO,/Si wafer
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. 3. Raman spectra of SnO NSs on SiO2/Si wafer
(blue line), CNFs(red line) and bare
CNFs(black line)
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Fig. 4. X-ray diffraction patterns of SnO NSs on
Si0,/Si wafer(blue line), CNFs(red line) and
bare CNFs(black line). The symbol of V¥
denotes Cu element

SnO Yit2ES] 4% 71w} FshA o= 211
cm o)A BRELE 9FE Sn09 Ay, AFHER 4
A QJod, SnO YrT1ZESY AAFZE7} tetragonal
TRE HHotal S-S usit}(1]. Si0O2/Si wafer 9
o 44% SnO Al&AAE 3= 211 cm oA SnO2]
Ajg AEREQL 1 517 em o)A Sio] A7} THE
it

Fig. 49l XA FJEEA ZFE Uehfigleh AlRE
SnO WltxEo] g4E7] M9 CNFs, CNFs 9
SnO Yi=FEo] A& SnO/CNFs, 181 Si 7|%
Holl SnO HYetxEo] AAE SnO/Si0,/Si wafero]
et XA SEEA AN FQ A9 Sj4
SnO(ICDD, 01-072-1020)2} Cu(ICDD, 01-080-0075)
£ st old] 7 vizuto]se] XRD Hlo]Ed
Al Cu4a9] m37F U2 olf+= CNFs9 7|48 54
o] Hofsto] HAE Z7] wiEo] XRD 4 HsiiAl
Cu plate] Z|Asto] XA 314 £4& APot57] G
ot} CNFs9] % PAN fiberE 1204 &35lA]71 &
of TEEE= (002) WY A7} 25%04 BE=H[5],
SnO WetEEo] 44 Folx vlekelA HEHS &
4 9tk SnO Witz Eo] AH AlRoAls 7o
Aol tetragonal phased SnO%] &4 37} &k
HATH1,12]. SHARE 7]#o]] we} SiO,/Si wafer] 7
£ (101), (002), 1221 (103) WY = =27} ZstAl vet
UA|TE, CNFs9] 4% 139] st FEAA it
A& FRIT 5= et ol2et A= 7|e] Wakdat 1
o @2 SnO YeT2E ZA 9] wighdo] 2 Zlojtt.

=



7H2 Uhestold] glo] A4

449 Sn0 UeFRE ¥
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718 EE Si0,/Si wafer 713 ofl AFAIAY, I12
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