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TiO,-Si0, Wit gkanAll= AA7} sheb2] o & kg et fint ohufe} 3ok, A2 SA4Jo] vlig- 9<slo] FsfstalA,
=l 5 TRFRE 2okl 285 AL Qlek o2 TEE shs W = Elekgol] A7k 7R AR PCS) 3-8
NE A UARRE §- o] 5 A Askiely]ex] AAfefsle] FAEFL] TiO,-Si0, Wi iifE wha o St ol
7] A7l ofel] Al AR HaL P A el otk 78 & Ak AR ABRES17 1014 1200 °C
oVIH Aele HH A iEdEel|E VXA el ohekA| vhed g de] vk stdsiAl FA9E I &
g, AAe] §- Aol et e S vk AUstar viZeiion 10~20nm =17]9) opfERA] AR YAREe] thel|
A a3l

Abstract — Nanostructured TiO,-SiO, materials have widely been used as anti-reflecting coating, optical-chemical
sensors and catalysts because of their superior optical and thermal properties as well as chemical durability. Web type
SiO, microfibers with nano-crystalline TiO, were prepared by electrospinning of Ti-PCS mixed solution and oxidation
controlled heat-treatment, rather simple than sol-gel process. Nano-crystalline anatase phase were formed for the heat-
treatment up to 1200 °C and they were finely dispersed in the amorphous SiO, matrix.
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aerAste] AxsA goi7]. 3k GaE RS Zejgke
At golof] A7l AR WAkekaL ol dAElste] W,C
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(1) Ti-PCS mixed solution
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Fig. 1. Schematic illustration of the setup for the electrospinning and pyrolysis process of the Ti-PCS mixed solution.
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Fig. 2. Optical images of (a) as received and (b) cured Ti-PCS nonwoven web, and (c¢) TiO,-SiO, nanocomposite web heat-treated at 1200 °C

under oxidation condition.
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a7] 9190l 60 °CollA 13} Azaid ol Az Aol AH7t &
FEA BEF 200°C2] 7] FollM 1ARF 59 <H9 8K curing)s)
oltt. olu TilPe] 7}kl Hl#ale] Ti-PCS F-2]3E 9] Azo] gt
Ao Walelet. Pyt ke & FRE Adf+= vl 1200 2
1400 °CS] o} 221 917 17F A Bl &Fn vl IRl 100 °Crhel
&g sea] AR A8 Fig 2= 77t (a) A7) F
Ao}zl AH9t (b) 200°CI A A4S} QFFBS WaAT F (o)
1200 °C2] AFRE9)71e K dAje]slo] Boixl Afre] ARS e}
w3let.

2-4. EMET|

Ti-PCS A1) ditalle] me FAsHE Wl 918 4%
243 (Model TGA/SDTA 85le, Mettler Toledo)S 21383}9] 01 o} =3t
971914 0.5 °C/min] SEEERE 1200 °C7HA] 52381 o]ujj<]
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FTIR A~¥E2] 2A)(FTS-175C spectrometer, Z73H9] 4000~400 cm™)
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Table 1. Spinnability of Ti-PCS with TilP contents

TilP (wt%) 0 1 3 5 10
Spinnability (naked eye) O O O O A(bead)
Ti content™ (Wt%) 0 0.7 2.1 33 7.1
*EDS result

SI3ATt. Table 10f] TilP $Hgol] whe WARS/d-& YeR St ARk
°F TilPe] F=o] WAL EAdoll A YIS AR oo
AzA Aol 9xe] 3 A Ti g st oA TP F7tel vlE
slo] Z71akdTh. T, TiP7F 10 wt% 47Fa 749 Theke] v ubyg
o] #EE|glon o] ZHE AFHAL SN2 TS 5wi% TilPE A7
skt

Fig. 32 (a) 5 wt% TilPE 73t Z2)71R s E3-g-S %7]
WALsto] olzl Ti-PCS A<} (b) ©15 200 °Co] th7]ellA 1413F
S AR 218 sh Aol digh ARt A ERSl
o} 271 260 °C7FA] 432l FAIE ZH2E (i) 3.2 wt%} (ii) 0.9 wt%
7V s, o AR SR Baka A Ulell Holl
d 54 9! DMF, 18] 1 TilP L7} DA2] 2ol AAE 3
ot} HE, Zu|7hnAlgke] Akslel] o] FAIF7R= 200 °Coll A b
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Fig. 3. Thermogravimetry analysis of (a) as received and (b) cured
Ti-PCS nonwoven web under air atmosphere.
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Fig. 4. FT-IR spectra of (a) as received and (b) cured Ti-PCS nonwo-

ven web, and (c¢) TiO,-SiO, nanocomposite web heat-treated

at 1200 °C under oxidation condition.
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FUMEE QPYsh F 5518 At BolAwk o ds] Ao Fl
]

7% AR5 1200 °Collx] EAElabAl =¥ Fig. 30l4 A3t vs}
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Agto] Fa UmX| AgES B A8 FHr. ol wjet 523
TZE o]F1 9 Si-C AFE BF Si-0 Ao = ulA gt

o] 950 cm™! F-ZollA Si-O-Ti @ 600 cm™! F-ZollA Ti-O
FM=rF A 20] BRIEIITE. 3400 com! HFoA HIA YER =
M= di7)ell A F2E H,0Z5E] 711 13].

Fig. 52] XRD pattern 2F4 312 A3 Ti-PCS A4S 800~1400 °C
7] vfekel R EelA dAElste] ol ARel A4 = wWgE
HolF=31 Stk 1200 °C 7HA] GAE|A] 20=22° FLolA] F-AE
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o], olefst Fel= vl B UieAle] 28] §ixrt 4R mlA|

o
ﬁ&m
o
—_
> e

1 ¢ SiO,(Cristobalite)
1 a TiO,(4nataze)

| r TiO,(Rutile)
i

1400

{1Dyr
=={220)7

: 1300
& 85 8
8 B8 8 1200
5 Tt : 1000
' i P 800
20 30 4I0 50 66 70 80

Fig. 5. X-ray diffraction patterns TiO,-SiO, nanocomposite web
according to heat-treatment temperature from 800 to 1400 °C,
respectively.

ZAoM F2 Pz FE|AERE|EX 1300 °Cold A3t
715310} 1350 °C o) dellA] Aoz ¢ HE=E 3Tt Tio,el
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20=25.5%I{]4] ofERA Q] (101)Hol| tEk SA419) 1.9} 7)) 20=37.5°,
48.2°, 54°904 212} (004), (200), (105) 2] &} 377} B Q]T}. o]
23k ofERAS] /3 Fig. 49] FRIR ~HER 74 Aajele o
Z|5kar Qlek. AR 2 Z Ti0,2] R HlE vl e oA o
oul=t, 400 °C o) dellA] oFFERAIZE 3= T 600 °C ©] ol A
Th22] Rk} o] FERIZ 2Pdo] 7} dojur] HTh23,24].

TiO,(anatase) — TiO,(rutile) at 600 °C

T, B ATl Al Uie Bk A8 1200 °CollA] ohukel
A7 A==, ol 714141 Si0,7F Tio, 9Ae] 1A A1
4l Aol g Alsk= 9EkE sk |t o= Tio, A 43l
Ti Ake] GAtel] eJal] Aloj=]=d], 712173 viellA] Ti g2ke] gito]
AL oks ot HAAdo] Hoj F=9¢] 7[R de] S 9
ASHA ek, o] 18| oh kA S] BAdo] M A] & ollA] Y
At Hv] B3t dld oA E Ak PSSkl ik
[8,9,12-14]. FEFI 2 9] Ao] &IA] 1200 °C B} =& L5o)x Y

W 1300 °CollA] FEFI S (110yHe] st EXT a7} H&o =
oksh YeR}7] AFgom 1350 °ColAl ohelA (101yHe]
A3 77t Zolea FERI (1108 2] EAY = Fwrt S718h)
A|ZHITE, 1400 °ColA A 2|3t -5 ofElA 9} FEFdo] =3
Som v)%d 22 Sio, Al A skel 4 Q13 ke Ao E
e},

Fig. 62 5 wt% TilP7} 271 Ti-PCS €2 (a) 17"AEHe] o
o FAEAFE] Ti-PCS Al 2 (b) 15 1200 °C AFSHE217]0l1A
A7 AZ F Aol Ti0,-Si0, W3- thst FE-SEM
FAANE BoiFar Q). Ti-PCS Al W) BI= B2E#] ¢kgko.
] dxg] AL Ao Afo|= Wl 7 By Eajgh Aeke] A7
AF A48} AR YRt 17]. 9] 3ol Aol YAIS
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Fig. 6. SEM images of (a) as received Ti-PCS fiber using 5 wt% Ti-PCS solution and (b) TiO,-SiO, nanocomposite web heat-treated at

1200 °C under oxidation condition.

Fig. 7. FE-SEM images of the single filament in the TiO,-SiO, nanocomposite web heat-treated at 1200 °C under oxidation condition : (a) cir-

cular type and (b) peanut type.

(a)

5nm

Fig. 8. TEM images of the TiO,-SiO, nanocomposite web heat-treated at 1200 °C under oxidation condition. (a) 200 kV TEM image, (b)

400 kV HR-TEM image and (c) d-spacing of TiO, nanoparticle.

7PF SISIANE AAnkA o2 A2 A9 Ae] Alol= 20% F 5
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3P} k] 7] wiReel] o) Q18 Aol Alolz= A AR Zlojth
Fig. 7 TiO,-SiO, W= 0] @] on|# 5 BolFaL gl
o, shdo] (a) ¥ (circular type)?! A+l 37 (b) EHI S
(peanut type)?l 450 = WEHQITE. o d B2 T2 317]
WAL 2P ollA Aol s sl A5 slel] A R oA R A
S A7 e AESE O] YERT2s5). ol = 4] &
=0 gofe] grfe] SAol Y-S Wtk Aol ) vhdbde
g o= vilg- Adskar viel Bolem el ofv|X| ¥
3 vienE] 21719 E7180] ] e asd Fdeldltt

Korean Chem. Eng. Res., Vol. 53, No. 3, June, 2015

(Fig. 7(c)).

Fig. 8 1200°Celx] @xg]sto] dojxl To,Sio, Wt a4l
i3l TEM 2495 218t A7 VFERISITT. Fig. 8(a) 200kV TEM=
o] &gk i Alof ¥ o|u]X| & 10~20 nm 1712 79 YAF=el 714
ol wLSHA FAHEAIL 1200 °Colld 72 B33t A717} BFSHA
FAEE= o2 HYIT) Fig. 8(b), (o= 400kV HR-TEMS- o83}
TiO, A 4At 2 AAPH-E E47gk A7 SAED pattern©l] 4] 1.0
A= AAE3 HHE (ring pattern) (101) 2| AEEO]E Q)
81723} op el €] A7 de] EAlEe] §lom XRD FAAYE
ST Qle), o el Ve g &) A7 AT e 0.344 nm®
A= et
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Z2|71R A& Ti-isopropoxide E3H-8-9-8 A7 WAlsto] H-4] 3L
7% Ti-PCS ARE W1l o]F ] ARRE7]0l4] dx]sto]
TiO, W=A7}F #dskA 4k Tio,-Sio, W5l ig A=
SISt 5w TP 371A] BI=7} Sl wile- d sk Aids Al
AR oH o] = ABHEL] 7oA 1400 °C7HA] BA]EA] 1200 °C H-E]
Hge] Fe|agEdEloE 7|xjef| Ti0,2] ohtelAlZE A=t &
2] Aol v} vl vl Adskar viiterel o m 10~20 nm
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