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Abstract: Composite nanofibers were prepared by electrospinning and thermal treatment from poly
(vinylidene fluoride) (PVDF)—SiO; blend solution. The nanofibers were stacked on layers to produce fully
interconnected pores. TEM micrographs and EDX spectra confirmed the presence of SiOs in the composite
nanofibers. The porosity of nanofibers was effectively enhanced by the introduction of electrospinning
technique. ATR—FTIR and XRD results revealed that PVDF in the composite nanofibers exhibited the
mixture crystal structure of a—phase and f—phase. The crystal structure of a—phase and crystallinity
increased by the thermal treatment. In addition, the mechanical properties, thermal stability and
hydrophobicity were markedly amplified by the thermal treatment.
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Poly (vinylidene fluoride) (PVDF) &= —CH.CF,—2] HHEEE 7}
21 WA (semicrystalline) &) G7A TERjo|, o|efst vbaA
o] &z ek} Tl9- FodalaL ThHE BAS HAlel Algsitt! 5
5] PVDF+= 98t 31834 4l E2]2] 54 7L Q7] el 1+
APH(polymer membrane) A& ZEA] FHS Wy glom |l z)
TR R e AR A 2 A9 AL o7, EEAsE
T 22 23 slEleREel tish Uil o] ol p<raith= Zlo|
T} o5 540 % QI8 PVDFR Alx8 2k 9935 28] 9 ale) &
sl e Holollr WEF-(membrane distillation) ol 58517 31

t}? ®3} PVDF= piezoelectric @ pyroelectric 44 H0 7 Q1

3l o]x kA=) 3t} sl (polymer electrolyte) ¥ 22 Z47] -
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Hls A} 7)eeE TR vEs 21 welaA, dRA,
G, e ERAR 502 5-80] 7hssi, ofe) dvlE W ot
a3 Qe 53] Uhefs G Ak P A, 2R V)
19} 2 71T THAL glom R Fakgo] #Afs] ikidd 4 9
opx] Tkt defRolele] 5-80] 7IthElo] A|aL ek Zrefuh X7 UA
2 Az WA 1A AR ke ok A Aokl
] 58] ofef: Aol vk

F: 7155t el ARgel Zhssh, gt YA viskErdS
7R g Relke AP 1% 1] SRR Jio]
& IS W Qo R ReqIfe) ARS: arpAjEle] HsA
ek ofet BEEES] JMelE Tis T AoE LA itk
PVDF= SiOz, AliOs, ZrOg, TiOp 3 22 77 vhedAte} 31
o] mi§- om, of5 FResIRe] ARgRe] AlRE 714 B9
o] RS A el we S Tk 53] IR
ARG F7IAREARe] s, V1A A Bl Ui el B 9% =
= QAeE Tkt 7 ek SiAE Soll e shea] SAdo) ik 2 A
Sz SiIO7F HRANES FERA H A fdol Hat ek

b 2 el A ARE ol88le] B8 EE|H o= A
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AleF 2l T Z. Poly (vinylidene fluoride) (PVDF), fumed silica
(Si02) ¥ NM-dimethylformamide (DMF) &= Sigma—Aldrich Co.
AES TA8I] ARESISITE 07190 ARESE SiOp= AR & 7o) oF
70 nme] 3L B]EHEAE 390 m¥/gelck.

LIEME HIE eAGE AZsh] S8l ARgst A7 8ARgA =
0~40 kVe] Atare] 7Fest 1% 1734 (high voltage DC
power supply unit, 3 EMT), 33l (200 X 200 mm, stainless
steel) &] FxH(collector), TAG NS At EZS) & 5 e
FAP1E X (syringe pump, KDS100), F4F7] (gastight and needle
lock type 10 mL, Hamilton), 5%7AP [8k=(22 G, Hamilton) 52
2 eIt Sl A7 AR S18iA WA 1.8 g8] PVDF
= 8 mL2 DMF&} 41014 60 Celld 12417 52t {3lE slal 1
A7} HAs] LalE Sof] EAF A oib] 3 wt%2] SiOoE 2 mL2)
DMFell {22 A 7 gl 2315131 0|5 60 CollA] 411k mRksto]
AR HEFETF 18 wiBS] AR S AlEsSict Y2 Al
23212 AR 15 em, VP 18 kV, FA16E 1.5 mLhE 17
A7131, A2eA] AEE 60% olske] Zzdelx YaAdiE AlEsid
oh WL b ol el Bof Qs W ARE A1 40 Cell
A 24A7F o AxBlo] =Sl SllE 1T AASSI

LieMe D] G 2% uE vAdae] B4 HskE =
ARE7] $18lA g ol Vi iE 17g3kal 100 € 855=150 C
oA 232t 1A A E sl

LieMeol HEf 2 OjMFx ZHEE IX7] 250 & -
Aol e, AR 2 9 AR WIS AR S8 field

EgH, #3548 A63, 2011

emission scanning electron microscope (FE—SEM, JSM—
6335F, Jeol) 7} %/2171(TDISE V3.1.73, TECHSAN Co., Ltd.)
= olgalick WA FE-SEME %9l 2ok Lheilfie] AR ol
PP ERIRE o) galel HA7, BERA 52 ool
B 7 bS] el Aele] #k el 2i1s] Slal
scanning transmission electron microscope (STEM, HD—2300,
Hitachi) & ©]-&3fo #H2ei3ith

LI F S8 24, Wil delk1e] PVDFS) SI0.8] 35218
9 A 2ol e seh 3 WskE 2AkE] 9l ATR-
FTIR (Nicolet 5700, Thermo Electron Co.) < ©]-83}%3.0H, Si0,»9]
PVDF #2}8] A3 Wglef] vx& J&S X—ray diffracto—
meter (XRD, D/MAX—2500, Rigaku) Z o]835lo] ARt XRD
#4elA] X—ray tubei= Cu Ko AFE38101 40 kV, 30 mA 2] 2710
= YA Diffractogram= 10~70°2] 919l 265 2°/min®] &
w2 S7dsielrt mgh R o] dxjeel 2ol wkE Ak
(crystallinity) ¥13}2 peak deconvolution methodZ o]-8sl0] =4
SISITE 26=18.8°¢) 20.8°014] L}eR= diffraction peak S peak
fitting technique s ©83101 7% (amorphous) ¥} 27 (crystal)
Fo= Fefeigitt A7k vk 2lelM & = S ZIAE A
B9 v|3 HAS A e 999 va HAe] fow
LRE gho® YeRdic

B )

Crystallinity (%) = x100

A,

hif}

A7, Az AS 999 13 WAE Yk, A T 9Y
9] 9|7 A Wk

W72 71A12] 548 10 N 859] load cello] Z&=o] =
QA1) (Instron® 5565, Instron Co.) & ©]43101 Z7gai3ick 20
X10 mm® F719] AES 2k7} 33] WHE Z4s10] Faghe AR-el
o ol £5= 10 mm/min S 1sle] SIS B L
Aol 44 EAJL differential scanning calorimetry (DSC, Q2000,
TA Instruments) Z ©]4310] 22 £2917] 3ol Z319c) v
o] A BAL B3 vhead skl AEte] S9E Bk
7Y a1, 71%- 5%+ mercury porosimeter (Pascal 440, Thermo
Finnigan) & ©1-85}e] =783tk

Zn g =

LMol M= ¥ Axz]. A7 oR Axd Ywidie
B 7T Ko, 7130 A7} tekeiAl 2280] TFssh, AR
AR P25 7L a1, Bt 710 Fakg) niapH o] ule- &
AL 7RI Qloix] e - o} Rololld g 7FsAdo] k¢
O 8 = Qi) B ol WA Il auE vFg 7 Eig

Q= wEAF FA ] 3 wt%2] SiOxE $hakal 9= PVDE-
SiO, Eh AR Axsiolct 18l o WeARE 100 s}
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2 W3lE Aslsin),
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Figure 1. SEM images of thermal—treated PVDF—SiO; composite
nanofibers with different temperature: (a) untreated; (b) 100 C;
(0) 150 C.

oM SOz WS #EESIT, o] W vheAdRe] A7 380£42
nm3}or, AAje] Follte vAdfe] 273 388145 nmél 389+
39 nm=z EAlel] W A 2% Wshs BEER] odskeh ey
150 Celx EAelet Folks Vi 7FAle1e] §2tel 71Ish= 4
O% JEfR= nlo]a=AE F7]9] AR 4 FEEgIT): e
el 8 771 Wiz P F @Al (aggregation) & sk A
o] FAE|QIT). o] = QI3 A YieAR2] A ARV = v 571
= A0% ke

SiOz WS el /AkE]o] gl s g1k ] SlsiA
SEM ¥ TEM# ol-3lo] Febas aaigiet 71 47 Sio, v
A7} TEAF WAoo Uiteh el 2 wAlkEe] Qloks RS &
SIcHFigure 2). Figure 2(a) 2] SEM ARofA] & = Q1= 29
AHE GXE GJEl vl Tl 4R &) dojdrhs
A& & 4 UStE TEMS o] 8sh elx= dafglel ot F71v
3R] AP B 2 Wolgls s Z1e & 5 Sl

53] Si0; W dARe] #APY S energy disperse X—ray spec—
troscopy (EDX) Si—mapping #41= &3to] ERISISItE Figure 3¢l
Al F& A = 8RS Ao 0] S0 WieARe] Al dAE
U= Zlolm, o sz SiOp7F vl dell dahAl ko] 9l
th= 2 AR ER1EE 4= 9l3ick

LieMFo| AP H3El dAzel wE PVDF ¥ Si0:9]
722 W3t 7FsAe 2R f1siA PVDF—-SIO, Skl
o] ATR-FTIR 2~#Eels vlwsl] ¥itk ol Hdhheitfolds
1170, 876 2 840 cm oK Al 7] 3% 5Adv]aE Bolon ols

=4 vl
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Figure 2. The cross—sections of thermal—treated PVDF—SiOs
composite nanofibers with different temperature observed by
(a) SEM; (b) TEM.

T tom M SiKa1

Figure 3. EDX Si—mapping micrographs of PVDF—SiOs com—
posite nanofibers after thermal treatment at 150 C for 1 h.

¥9%= PVDFE] C—F stretching vibrationel]l 7]¢18cHFigure
4) 1 8k 1400 em el C—HE) deformatione]l 7118R= 7
st 5790371 W=k Al CF2 bendingell 71918k =
7} 5103} 487 cmlell BEEI, FIFA] Si—0-Si
stretching®ll 71918R= S431]=17} 1070, 800 % 470 cm™ elx] e}
Wk o5 BAT]= Folk] 1430, 876, 800, 763, 615 W 510 cm™*
X UERR= 533 PVDFS] a— 23730l 71918, 840 cm ™ol
A ehhs w)=iE a7l 71905 Y ek PVDE-SIO,
BE e o234 7329} p-28720F EAE Qs Fejold,
Axj2lell 2Jair] a—ATzel 7IeRs W30 et 25 718
=707 BREgltl AUE o PVDEE= o, 4y U 89 U7 o
A (polymorph) 2 o014 QliL o) thedAlh= 2] v Ag755
e Ao A ik

PVDF #2F0] 27%7= 9 A7gsie] tigt dxjg] 250 &8s
T} AAj6] Loty 2laiM XRDE o] g3te] B-418181c) Figure 5
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Figure 4. ATR—FTIR spectra of thermal—treated PVDF—SiO»

composite nanofibers with different temperature: (a) untreated,
(b) 100 C; (c) 150 TC.
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Figure 5. X—ray diffraction patterns of thermal—treated PVDF—
SiO, composite nanofibers with different temperature: (a)
untreated; (¢) 100 C; (c) 150 C. The deconvolution of the
diffraction pattern of untreated PVDF—SiO, nanofiber is shown as
the insert.

of Uehd A7 PVDF-Si0; S3Adfie 20=20.8° 4 36.6°
oA g (110)/(200) % A(201) Ud_oﬂ 71Q18R= A7 SEE o,
18.8°01 = a(020) el aljdshe w217}k AR o5 1}
A= ATR-FTIRE] #4] Ao MAH a—278729} g2
27} A= Sl ARETEE 7L USIck B=gE AAE]el LJsiA
16.9°9} 25.6°014 o (100) 3 0.(021) o] sfidai= s]=7} AjZo] L+
Epstet. 53] Figure 52] A1 HoM & 7 Q= ZA7 peak fitting
technique-g- 018319 diffraction patterns 538 33} 274 2
o= HEfslel AgsieE Aklet A} Gl 28l AgskerT 36.6%
oM 42.0%% 7RItk ols ArENE IAzlel 2siA PVDF
9] a—ARTEI}Y STRIRLeH o= Bl ATt Sk Aow
AYztEjofzict
LI'EEAI:-II'I?I'OI 7|71|I-I I;|_<| o:lx-l %A oi;qg]‘— PVDF— SlOz Esl—
A 71AIE BARS T vE] Q1A s o, Youngs
modulus tensile strength ¥ elongation at break”’} -$2—H& =73
7|1%= slo] Aplee] Table 1ol Qof=TE 71414 2] 54
Ay} Axjgle] Qs vidR-2] Young's modulusE 19.9 MPasilA]
56.1 MPa® ¢ 2,54}, tensile strength+= 3.1 MPa°llX] 6.0 MPaZ
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Table 1. Mechanical Properties of Thermal-treated PVDF-SiO,
Composite Nanofibers with Different Temperature

Thermal treatment  Young’s Modulus Tensile strength Elongation

temperature (C) (MPa) (MPa) at break (%)
Untreated 19.9+0.3 3.1%0.3 64.8£3.7
100 55.8£3.4 5.2%0.8 60.8£3.1
150 56.1£3.2 6.0£0.7 58.3E£2.2
(a)
(b)
5 (c)
=3
2
K]
k5
T

60 80 100 120 140 160 180 200 220
Temperature(°C)

Figure 6. DSC curves of thermal—treated PVDF—SiOz com—
posite nanofibers with different temperature: (a) untreated; (b)
100 C; (¢) 150 C.
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= 2" PVDF=SI0; bt ire] 8-8-25 167.8 Colom o
A Foll oJ3 8821711715 T2 R sl o1dule o
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L= Rel 85 H 7185, 29 3 2742 s
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9] %19 ¥ (entry pressure) > 30FA1, 71 A} viAAR=(rejection
coefficient) ¢} BFalgo] Z7l5l] Hcl? Aoz gy B
ke SHGOR el 7l 2do] =2 U w2 =

A 131511.3°9 =& &
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Figure 7. Photographs of water droplets on the external surface
of thermal—treated PVDF—SiO2 composite nanofibers with
different temperature: (a) untreated; (b) 100 C; (c) 150 C.
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