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Abstract

Pi epzhoot ocat al ysi s, ciotmpii thnh ngp h pti e ated leyc g i
consiadsrreavel strategy to | mppioepzeot phot at at
i's generated on a piezoel ect stifte mmadwemant u
of phot ogener atnehdthbadt esic ¢ ¢ obmdsti weeaetdi opmmh ot ogene
charge carriers. I n addit ibani,nttehlfee aptlirdkizaoxe | e
not teaslca eened by tihaasc mdipgreotntamdg ef f ect
photocdtael josict hetxatteoranydth i st hme®i s nvestigate
effect-poteptead on photocatal ytcar eeshel mar
nanofi ber membrane.

The thesis 1 s dinidedwoteir oimieinetsstdd npdatr it s n
conclsusa o nsthhgewanp hiinc a.Wi ahsnhr abei expeti mant ah
a detailed study of the piezoelectriec pr
membr ane has been carried ,0obhtt @ptr epfaeatiegn
PVDF/,Eio©d/Ishneanofi b&édmemembraacnceosmpl i shed acc
three differemtti natplpeyo-pbbteecatal ytic acti vi

PVDF/;GpHOe/ shel l nanwndéedbrremaimbated. ha

Experimental Investigation

{2) Photocaralysis (b} Piezo-photocatalysis

Improve the piesoeleciric prosperity of PYDF through electrospinning preparation 3

P P prosperity i | g prep
Chapier 3 5 co .

/4 PVDF solution (with AECEEITIrASIT PVDF NFs membrane (with

different solvents)  [EMCEINCIEEETTI diffcrent piczoclectric prosperitics)
( by hydrothermal treatment
Chapier 4 RSN icctraspinning [RVRO 11, irohermal [IRAGrGALe
solution membrane [JRCCICEM NFs membrane
Prepare PYDE/TIO, by coaxial electrospinning S:"du;mns
N & ? i aprer

coreshell structure < Chapter 5 i At Coaxial (3 b E
nanofibrous membrane B Electrospinuing SR ERNENT

Chapter 1. Introduction

by Atomic layer deposition (ALDY
Chapter 6

PVDF  |REalGlllllll] PVDF NF: [Hakedl PYVDF/TiO, MG TVDFTIO.
membrane {amarphaus)

Chapter 2
Techniques and characterizations

.

Piczo-photocatalytic activitics of PVDETIO, core/shell structure nanofibrous membrane  Chapier 7

/

N~ - N . AA LN AL Nz -

"OADPEEAAIT A XEEDAXNEAOEOS



| €haplt,hropt ocatalysis and piezoelectricit)
build a background from fundamentals and c
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The piezoelectric properties of PVDF <cas
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hi gmieezoel ect Thec epfrfoepcetrst iocefs.sol vents and el €
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Chapltlerroducti on

1. Plhotocatalysis and photocataly:

Photocheef st sy hemitchad c alhshegadylesorl b ggch t
Photosymrmt hpBasphal oc hegrmé esrt rlyeaf generated c
and oxygen after absorbing the hlhheasssiand r e
of h umaTlnh el iffoeundati ons of semiconductor p
Gerischeet iRl dshikavit®dhbeDgihti ven reactions wer e
we-defi ned bul k monocrtyhsétrmatl d 8 oleanspeassdcdos daua t
semiconductors (maidlox eiegteotyyBbawe)y eand
possibility of wusing illuminated wami condu
exply efuj i shi ma &@Hdwevademadrhdsl 9f7a2r. hi gh ef
and Heermrgn chemireaslt tddestvbddl a gmpent o.f Iprh 0lt9%9%1h,e m
ObRegan and Gratakomdarsoporitsad satyiwaed sol ar
Since then, hpatsotogaolecsmumsttbfyi ned single crys
materials to hagbstsruvudtawcreeByremnewudy thes
nanostruct ur sids tsaelniioct o pfiti aetd ddo hfoefmi st r y .

Catalysi s i s na whb atheabhagceet e hre@ataeesh i & h
chemicalr esygehgeusim wh it ih oot bei Plgo tcoocnastuameyds.i s
combi n apthiootno cohbenmiad ia#l fyasd¢ cun st he ofriegshetth c e
phot oc.&dmilysnscaoe bebttedht amdeagy as phot oce
tacceltdmeamaecti on rat e.

The di scloam@es ya ofg h oftoorc awbatl dyismgp by Fuj i shi
Honwa ra marsktaadr té iierf dtptheo t 8ian cadseytshiesaomaduct o
wi apprtioelreat r onsd( @ TYLQ, Oy, r €€el S, haandde &m S)
wi datlgpt ed assfpowratiocas aRygpgti cations

Phot ocatialiytdiad lseds hboyt carbss ewigtyh equal t o or h

t hbeandegraepr gy of t MAe p hoFvg debnal v £®)] a mp s
1



from the v@VB)hdcleeomalmuat i onumderd i(MICM@gdi ati o
femt os,deamrnvahsag f ipll ecemehoyl B J(nt héB € and
corres pmoardeiaahdy | e chtorloenWphanhese el ectrons and
somehow trapped cnur tftleheagisdeentiegdoo e tha@oindat i on
reacwi tomsabsordredmo(oddlulteadntdi recdbpdhmobhedat a

O,omMH,Ot pr odruecaect i ve GkRO®MI clperceadct owi th pol

mol edwclad | ed I ndi r.eTcoga i @h octl cecaart a iIngdtehsey t a n d
phot otcim@ahgni sm, a saeped etsulodt edcacti ons
Phwtexci tati on: YQ& Qué & Q@POET Q  (11)
Entrapment of el@cotQ@ on: 1z)
Entrapment of hofQe%Q 13)
Recombinati-bol ef'Q alQPc®@io n 14)

Generation of ROB: QO (°
6° Q ¢O ° 00
6° 00 YO HO U
o0 QO YO GO
00 QOO0 VO
00 QO YO
¢Y'0Q O 00 (15)

|l n eqguada@)Yhieo RS arebgefeodsraaagoéal-tizoz,i’sﬁnH)and

ot hert imomgh var i ouss preopuhtaetso caactcaolgydtiincg rteoa c t

Photocatalysis
Direct Indirect
Absorbed Absorbed O,
pollutant (
N\, 03

Degradation ROS +Absorbed pollutant
products Q\ /‘OH —» Degradation products

Absorbed ) G k

pollutant Absorbed H,0

Semiconductor
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Phot ocatal ysi s catsitceacllpolpdush @g t tarnadc tpirvae f e a
Phot ocatalysis occurs at a@mliye min@k g nper at ur
arreequi rbeod h aoréea svihli ¢ h o bst cali anne a daifnadto iradilme ; 3) .
final degr adadnwinr opnrnoednutcat lldi,@ag€i@r i eanddd y ot her
imrgani c suwhoedaamdagdetr dhblL e and reusabl e.

Howevsemdg eataff ephotsddatilédyeste!l op nid)ret
recombinat i orhorleat e aad fr Redictcithoirgnp;r od)u.ct s ar e
close proximity (on the surfiagaegé ooefvetrhsee s ma
reacof onnter medi atteo cghceSmimée¢ @lonsipetcioes phot oc
argronagdlooingenr aesul tedsgurifmceedeadMbsbon sit e
phot ocsatal-lwasmidegap semiheat adsed toe FUBVgMhti ¢ h
onlagcsesfuobtoof s ol a5)Theevepdeyr.ed cat alysts aft el
especiadlilquiidn envi n crirod nrte,c oavred hadinfdfi metusehr

f eatauree s he trheceemphetboat al oif e moywt photocat a

1.1.1 Strategies toenhancethe photocaalytic performance

Consi deradiwantalmagld ss ad\wandfag e hsgtsoacrai toaul sy
strat ematieosl cygetehaes r eact i ve si teedsg ea npdatrceonnttiradl,

investigated by trrpcheaochenytocenbanovety
1. 1Marphol ogy
Theornpholfogye mi comdlued beg shapextedeemetry

af fsedctlae al yt i €r efafr iiacsipeenccsysx ihr fassce ar e a, act |
optical,elpeotpreo payntcr ayrsd md r.tom | @lgtnhsema b iher

par tsii,zlaleeartgheseur f a,d dene@ame &1 vpeersiMelsumeheéor mas
shothderst ance for photogentelsceaatrédcehaegetcamn
t hrei gthhkier r adi ati on ad Is ol irtdghzeerecec,o mbutnafti on r at
el echtoloen p aimasbleentdb ®marsd r ucTthuerreesf or eher egar di

mor phol ogy,bot hppotsi ¢t 2 meadd nteq ali.d veo redif ceer
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TioOs omee nofstt h nvestigated khas abgesnh sal aed
(parti al resul tl } &t etdgeh oenmfnf @ cnt éacfg anmokrypthiocl o ¢
ef fi ckioecniclyetveaddi glae Téf@faencotp aserftizire ftawsego f
4.5 ton2g&eéndmuandoho®n@®amnliodawits hczl Bedsoah sn
t hoepti mum size exhibi tzadd tO8HE uh ieYyrheepsbtr tyeide | d
t hat2nBin® sWweerdgd.- 880 mor e et hixwibontdghot ocatal yti
reduct i.am 4,@fHeC @eos uhrifgahcvea caarke! 8d.&€ mo n stt hr att e d
t he -ahsipgehmt i :on aThioQ ubuhasiudenheatrogat @i psopert
comp arneacd otpaPrRtbiay e Ber morodh alsiocdy masmst od
anmdanolWiwve pe e g asad dihd ethowed excedflfeindi emdya.l

| A

9 s I
nanoparticles
»

&EC@a3BA- EI AGRAAQA AT b ACOE ARG SgRADDT EAO

TATTAADA;] AQ JdpAT jABG ATOAIBT x EOAO

1. 1Dapkng

The addition of | meiusraltdicegmd ntgg spvldn e h delds t
into tmedapmif{ cdAke FGand a/nn-metidaolpilndde S,
FY3he crystal | atasweblt dtwB8phopdo€EcBtabnsge
after dopi ndgopmsaDbothi digf f emdst t o a bat hochr omi
a decrdoasnadgatphaddi t iaonnnfodadgéapt e, enabl i ng
semi cdrdbu harness more photons from the vi

Compar edombiopealmi cog bdopomg aitst rracerceave e it



could result 1 n hiygmdor phbéonebttatFHThe charcac
band sdocfucsemesbeatioceorand after doping i

summar iFizeuB.@ n

= YN

[(——\ D

SECO®@MT A OOOOAOOOA 1T &/ DPEI O AAOGAT UOO i

174 ACAIT @H PAT AZ{l AQ AIGHOBAEI®D aft OA K BAEGA OAIT

OEMAT AgA® AAGAMAANOAMITAT PRAI BAAEAT T AO
OAODAROEOAI UB

AqQq A
@)
AOI O

Cu, Fe,wearned aAd o pdTeiddb ydo pdaeamat t*Md t met hod
comparopgi t Ak a b soofrhpet-drogne ddp etaitpaadf Tl @s
narr owi ngweblran doghaspea vee-iC0nd Me ant h é@eT iQ

-+

i Wans e fffoerc tvlivsgihttl ephot wk @dtnedt YyAd® is| ms har dl y

shewi sl bgbht photocatalytic activity
1. 1Coup3 edsavmitddonductor
Couiphgge mi c oswdiutch odi ff er erctagibamat e@iorsi bubdbhsts

-+

i el d i n thepiomeindsecée aciwhli amdarsgegesptr eassf
el echtoloer p@o® mb.iEmadthi pemeomi conductloaistsommpnsi t e

el ectrong amrbeltdaMeeasn s eniiepemd angduest uraess

(7))

hown i h4®Fogurlkee firish Fh4f a&peelneectohhoodnss s
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tramemi wes h | oweormkredatt 0,dr g orteeddyu ghael
redox potenti al .Thfe-slEyhbermed aocmadmpvoescittoersi a l el

proades sf.a4(ed poptuhb@eicsause they increase the

(a) Co-sensitization (Binary hybrid) (b) Sensitization (Binary hybrid)  (c) Sensitization (Ternary hybrid)

s oA L o~ oz

SECOAMEAT ACEAO 1T £ TAT ARICOAT T DOAD IOGEADION BT OE (

CdS anfloMm®Oeah &met mjltdns attracted much at
cataCd®&trradi atiegdhtwiethhe t ¢ wrapTair @, i ctlthéesn
phot ogenersactadnd adéls €CadtSr otnpw hTii ICsr Bmaen. i n CdS
Hend édpehot ocaft &l gwtaema chye r eaansde diyl 0 @ micraant ibcen
ut i IWhzesddl .S quanweme doda mbTiipl diatsve @ dhr ttehde t hat
short circuwas mphrod axd2r2e ntbon 7 a8 f haeA/lc m
ef fi wiasn@ayg4 h%'Gthheeh § | ©if direcoyi dent photon to ch

was dobbehlced

1. 1Dylesehsi ti zati on
Mo s t phot ocat altyewtos Ua/rdel egritioy ditsheep,a n d g a

wherwiasi bl e | ight I s t heDyneajsanspnaiiteiagtni oomf
focuses on I mpr oviannge xtt ileetghlei glhitg harbaaoly $otri potni

from UV )oewmi siobmeacw@r sows tdydex properties

visible Iightherinwm tciovmptiigetxaels p hrapeg i ns
widely utili ¥YWbhdtntdey esemasiet iex@mos dadlgeha , v itshiebyl
can inject el escetnriocnosy situ@nagohcen tGH yaifucc kleyact i c

and efficiently.



RU( 26b2 py-Aiddytar ba(x\OESINE )age)CbEed. 5 wt %)
Fe(O0.5 waadd) awdytepar pdt amatalt@dlyl y mpt bdoeed
under concentr dfTded mat hraale pumldiught on r at e
0.281 emol@ag@mlfher N3 dye edecephemdactaindi tt he
the N3 dye =x=cdseawldyeas dr iQbueld tvo siitbslne | i ght ab

1.1.2 Applications

1. 1D&€grladabr ganoinct ami nant s

Phot oc htaab vy seofgsflsenctdegmvadiowrggsani ¢ c.ont ami neé
Phot ogener at ed el edcetgrroandse, phoollteuwstoa natmad o tdEISE Le B
as s hoRvig ulilem | f phot ocataaloynpildetge asdaltti ®n i of
contamandmts nal ar €@u k0 so r i oni z,etdhs hal i de
phot ocatalcyas insaltaill ok n moaeit gapmaiscessairaentonl y
degraded into compounds with istivhlkr ef omel ec
t hrei neralization of organic contami niasnt s i |
t geoal that should be pursued 48 the field

s houkdpbast hdieri ng the phot odeggrhad aetnieamrg yo
i's possi B-Han@®b domdesa ks ulhdee prgad mb i bsu toa fat
certai.n Tehxetieenfto se hecesahuwmpboiwbetmmetwi on o
materi al i's a plaotsacrgptl ael yrt,eod o xp firdeotbegiss d n
chemical reaction.

1. 1wWateh tting

Photocatal ytic wategteaplebti ogcdmemi ©@c e hr
ananvirobmaeroffadrsn essoslianrgt @m es gy h ef aund,)! °
Phot ogener ahell ealneuwnRi@®rgsod at i on and reducti o
mol ecul es tandrMehcuamd@®nami cal |l ys;pltihda i ager
reaction is winthupailldr ge agdd iotniged= c2h3a8nge i r
kJ thdheretfhoemeer splitsi ag-ceaswmwgiynrg and t o

process.



Tharoemdcessful photocatalytittsyggtema b
di viichead two pr i @Gnae ya paptporeacahs hiesgl e whioh ocat a
suf fici etndplpiott emsatnestl Ol mtysh lesn, t he photocat e
have sui-e dadpéd ep,bshiatiihen £ onalrudc te dghe bmust be at
energy than the reducti on podmdhtei aln eofg yh yodf |
the valence band edge must be | dwdrust han
over potTehnet ieanlesr)gy band di adrmhaemrefd oxo mpmdre nd a
watsepl idgnddrgedu atrieo s hfe wulbeé% n  pr, alcit mictee d

number of buolsk nmeeotriidfdemditaet spl i tting

€0,/CO;

TaON TaN

Ti0,
anataze TiO.

€0,/CO
= co McHo
%EH?H,
\) co,/CH,0H

€O/CH,

H,000,

VB pH=7

Semiconductors
SECOMAT AGARROCEAO 1T £ OAOET OO OAI EATTA
OAAOAROEI T 8
Amt her approaactbwoep e€@capptyon mechani sm
phot oc,@aina&l ¥y ®t s r tetdel cfddifoeo xa sddad 6 pingtuede i n F
Compared wstaptwat emespl i-dtteppgs ysytseammhad ha
|l ight absorption ranhenapOocdpamatendubeoev

empl (e bpt iesiftihbewa tree,ducti on or oxidation j

side of the system.



Potential

- . NHE C.B.
vs. NHE e L -
atpH O C.B. Ve H atpH 0 c.B e- "
— hv - 2
L N e | "a. ’\_C
H2 - hv 1 \ o : H*
a1k Band gap hv a0 )_
02/H20 \/‘..
+2 02 - H20 A \, V.B.
0z/H:0 >_ [ h+ |
+3 K'C 0: V.B. J
+ HZO \rl'ﬁ —

V.B.

h

Potential

+2

Hz evolution

photocatalyst

. Oz evolution | ‘
photocatalyst
SECOSBAEAI AOEA AT AOGU AEACOAI 1T &£ PEI O AAOAI
I TZAO0AD Al ADDAH AEORIAIJAEOBAI 8
1. 1CQp8Bot oreducti on
Photocatalytiei nteaduttuebs ahd COhemical s I
appearpromibbBéenag technol ogyat omeatutt dp egn eorbgayl v
requi r, e marmbdouoc et o @ dsoa p r gisti el e piFiooc esshi ev e

over alphoCOr etdheanteirgly st r uct usree qoufi risdesanitchoantd u

CB must be at a mor ezrneedguacttiivoen ppootteennttiiaall st,h
of the VB mupsas ibteievaet | patiHaOb loxn dati on potent.
| n ad diottioaxcra,t ag ytGQwi rHddd innd toi diry dafdd arkkeon f u
CH, ®©HM)s an uphill reaction with a,highly
as shown in the following equations
60 00O 60 ofch YO x n& XDa € &

60 ¢O0O 60 ci YO WwpgXDaé a

Therediput eneggtya e@dvercome these reactior

assistance o0As eprhioetso caaft agrycsdwscameo ( edgcedCO,

t hr ovagrhi ous psh opdeencdaithah eysn umber of el ectrons

involved in chemical reactions.

1. P2Zhezoelectricity and piezoel ec:
When mechaainns c afcpebritead ,n g ena eeclad aatlrsi ¢ charge

their surmamm®a&rhanmdpetohpeor t i onal taoi.nt hiei snec h a

9



phenomermdn ddrpeibetz oel e;swwhirwadiesfcfoevcetr ed i n qua
thGurie brotheacgudgPi@unfided)@sdee dndaftiecr i al s ar e
call ed piezoeleexchtarbnicie ma & e p htahhast mgiasd, e r tah e d

geometric straitnheppl ipedpel eTchoinsa ti df lbeed fdi ne d
converse rifdrBecskercad ilcy Gabr i eA sLdhpepmeatninc i
di agram of (d)pieczoealnedctcerancvieeyd?céWst Bhotwe i n
depenumderisngdpn e zoel ecpir € z o elf & cetd reixct spuneert tez
havebboaeimhto practiarmar tapiplecdcadt ecthaajve mat er

beemvestigated and widely wused.

| Input ====- Stress Elongationl "4
‘Output — UL IS |
P Direct Effect .%ot
_____l ] . _—
< = e ¢
Poling ﬁt s

Voltage

A £EEAAQC

To better understand pirediddgeercd ali edttryi, ciit
and ferroelexftlié¢ nt eyedbteicmgsienterrelati onsh
strud@furattys8ral |l ogr aplhiaweetl mesyemhdtfr i c, an
t hampeezoellbet iDcpol paroehestmeaddginggnt aneous
pol ar ioZdatmatne s psechos et he change Thend®bBpeorfat u
pyroelectriergonebpehhatisgpegopannsaneous pol ari z
be revyensedter .Addct rannoafilegtdi ¢c materi al [
insul ator that can be pol@lraareds amamat iam ®&ix
oft heel aiscsaitfi o832 ofpot Be agdoumpme relationship ¢
piezoelectric, pyroelectric, abh&d ferroel ec:

10



(a)

Pieroelectric;

11 Elcctric charge gencration
centrosymmetric when subjected to strain.

Pyroelectric:
Electric charge gencration
when subjected to heat.

20 1 exception
| (piezoelectric) (P. Gr. 432)

10 polar 10 non-
{pyroelectric) polar

reversible | non-
polarization | reversible
(ferroclectric) | _polarization |

Ferroelectric:
Spontaneous polarization
can be reversed

SECOAMEAI ACEA OADPOAOAT OAOCEIT T MEAPEAUI Al A
AAOOT ATAMORAPRAAHOOOAT OUi RO OWA 184 GE 1} TAQE ED
As mentioned above, 10 of the 20 piezoel e

10 arpolmorn. t heswuhnhiht poélar point groups, the

charge centers are separated, and spont ar
mechanical excitation. | n ewintthpaosidar tphoei npto |
groups 1Is genecharidcadan|l gxaintdatri omme.

A owcentr osymmesttrail ci satprruecrteudrusirs i iieezoel ect
mat erlifka lg 81lQeagf tamp | gni negxt erom | omn® trwieteH |
centrosgmmekcttiultee positive andcdctowoedgal ape asha
withdwt force. Therefore, bteHeorre iog md treet aj
f oricredi cating that materi sarse-pwodirdar ca&md r o Ky |
pi ezoedrecttire cfoo nunrhiatswice h-¢ @o@tinr osy mnsgtimi ¢ cry
the category odfpomarepioalrisg Wy(abld pceedinsh eorf
positive angtsneg@gamnicveeclhlvdhre nHomoe vieemoenry i s ajy
externahbhppbréeeet er sosaft itvlee agnhda rngeeggh o nger
coinandea di piod ep moadieotdsl, over alilb peo-lraagn zat.

centrosymmetrurcdenr.ysttradi mccur s

11



‘o | L ote | C L{é‘ij i
+ o T
a) ﬁ b)\v‘ o ﬁ

SECOBFBOAOT A1 &£ OAA AAOGET Cc 11 Al EITTEA AO
AAT 00T O WICICHRDBDDO A

For pi ezoel ectarpipce amdatngerciezloell e tdamrands o
the crystaAnyo rmriegnitdmed dlolny uni fodenemo!| ari zat
ad o maintdhe boundary separating twngodmai ns
crsytlalpeezoel ect,rias mah ewd lad ah aFvieg utrhee i r own
stropgegbel ect biec ap s eplofgntegdel e smo ment
crydHtoavle.wer , when dtihpeo | cei irnmeocneeanct ini sdabnmdao nm
(Fi gulld b) ) , no net or liotwh e orhatre rziaali.onTaoapagp
i ncrtelgps ee z 0 ed fefdetqroilcy c r ypsiteazloleilneect poti mgt er i
treatumeletr a str omagn el e cplruifdonfgnegdcd idn gp,0l e
moments in different domai nsemewvweriac fcil @Is
directaonfsrhamug el 0 c) tTohei(gh) .t emper ature of
treat menst hpr onoo/talangrotl eo fmoment s, but the te
bdeltoMeur i e temperature, aboveswhpiehoael mat

properties

(@) (b) (© ()
CSECOBBEDT 1 A AOGAQCAABUOOLATAGTARIOBOAAI T ET A

~ A N s o~
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1.2.1 Category of piezoelectric materials

Il n general,

piseamne |lbeec tdif wicaArgadtres@sad | e

crysspoalycry <t a lalnp icepzool ysme ramideczoomp &. sH at ceh

cat edaisyarakt andsied sdompws | cCTatbillsrhs ws

t teyppcezoel ectofcrppramenheamitvwg’/imilezoel ect

JAAT A uvs8u

OEAUI ARBADOEKEANORAD ROODBDEAT DA

PZT PZT (Pb,S5m) PVDF-
Parameter Quartz BaTiO, 4 5H TiO; TrFE
ds (pC/N) 23 190 289 593 65 33
233 (10~? Vm,/N) 57.8 12.6 26.1 19.7 42 380
ke (.09 (.38 0.51 (1.50 (1.50 .30
kp 0.33 0.58 (.65 0.03
e e 5 1700 1300 3400 175 6
O =10° 500 65 900 3-10
Te (°C) 120 328 193 355

1. 2SPn@t st al

Nat uraalt i &ri rogrlads tpailelzioned ectri c materi al s

hawadco maviin h

Rochel

|l e sal't

odr p enfoemeediyt 5i c a |

a

siinpgd lgwa&ea tyst al s

(potassi dmO®g ddii wm thaldptbrad tee (tL

|l ead magne/lseath hi o-B&p 86 af @ IM&

so the

surf ac

Quartzknawwepl ezoel ectric

crystals are

psopeemnaftieensirad fdd b & et icduigr e c td wink aard

e wayve

propagati on.

anti-glmperbajtuarlitpzh asshednlpyi ez oepleasvdji ch

underag

extremely

| arge

orlsas e

high

t fr pahnassitet iBdBn7 Itno addietxihgan tquart

meQuira B i aovdelin aduuleel si tt zy  tf ca cw oorrk,

stress.ZnmO khd xgahg of nr acbgnuunreiymghtee P 6 3 mc
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space. Sirmalpe crhyagti®lzo ha&cd r pygrioteylnad tsr i ¢
spontaneous polarization i s faxrivdeer eadong I
pol ycrystal lriannedo@dwy Ot aw iil té hmsteaxthii don t s we ak or
piezoel ect.TheoipmtoopfepltbiltNgfs®2r r oel ect randc phase
its polarization direction is along theaxis.Si ngt s tPaMNP iThnaesl ar g e

el ectromechani,cawmieamb pH iignlg daarcvterrsi on ef f i c

el ect rmeccal amincdal energy

Al t hough single crystals have been very
are somewhat over shadowedi tblgt tpeod ypregbal ki

perfosemance
1. 2P8281 2crycet atnl cne
Pol ycrystalalmaweul t dp ima wn tahl i gned or rand

ori embhtdiopo!|.®h etphnee ndtosmai ns haveofdidif goleat
mo me,nttshe mat empina bd arke gdh t he s e gdeinpeonlget mo me |
pi ezoel Rertavssthkritutyeet ur ed materials wi(Ah the n
i's armedaaatdeamd B i s aatowmr)d ean mempadr t-ant cl a:
ceraniwai.mens@®Pralyer edl,ssnatkeitiraamnsi ti on me t
di chal sog(®mMgreoup |V mo n ogcrhoaul p¥ o ¢kkuha kdlee d
honeyawomhitlha phosehbeRBsepi enodelfecetcrtisc due t o
spe@isatlr ux®t ur e.

LeadrconbnaeaREsT(iRBDhas uperi or poekzbietcieentr i
and attracwecdratyt dmarivemstpipng dHodvesithersag e
appl i aatei onishir intedsisky Yroiughlg' s mo du ) aunsd odf 50
maxi memsil e0 %¥%Barinumftitdanwas yfhHiBhEFaOzed as
pi ezoel ectimi ct hma teeharnlidyl al 9pp®tsent i al pi ezoel ¢
b e c aoufs dtihgeh p i eczooeefl fei ectd réitadcdp o0 & o neodbidsn g | e
cryst aslal BafBhpe e z o eelfef,amarcihnc | owep o ltyhaarny stthael | i r

on2D | ayer elda wmateeernitalossy mmeo mmae i @ yaemdc t ur e
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t hleaye&nmbsonded by van.Taé&i ng@a oy & soerrncteat i v e,
polarizati-nunint eemodlaageo®Bvh ¢ h strong. pi ezoel
The -nentr orgypymmetgeyMosSmay di sappeawi twhen | a
opposite pol &r iaz ®t,sstt medkpide z b Mb Bacptpgiacri t y of
odldayerand og mhaluradvd ¢ydast he stacking of | ayer

Al t hoppglycrystal ldlneayeserexmiclksi t excell en
propetrhteiiers ,a@mpdea ialty olmismt treidghlBgsavstst abi | 1ty
and éhegeries piosistait @#lyuency systems

1. 2 Pi2e-ggol y mer

Due to smalli epoeil minttsiawa@ily z o pdiceoontsrtiacnt s
(el ectric output coomddrangtsr g ssst)ai @rediinldarsg ee |l e
pi epzool y maies ght,wWwdiegckhtb &k a sraikapme el meghl y
respeotessat er or t hlLea bBhtutmanno tb epdeyl g ne alpo & a2 v e
val u@madfl ofweamigd € s obamaevi dt h.

Pol yvinyl i dene, fthlueotr i idrevd EpxobigFfpwes f i r st
di scovered by®?2TKl@aegavdaliure 1096 9\ el ¢ izald
piezoel ebasi ¢ e2hOe2h6en@€/ Ni f fering from most p
mat e PiVDIFs has d&ayvmeigred ti vaed oofneeh i méhansi véat
PVDWi bec ompedsslaeprosietlievcet rP¥DHRaseltdhr ee c¢commo
p hadlesanp ha.s e®ipd aesxeh itbhhet ghest di pol ar momer
ceadahd the greatest hpll BE oterhdercst)r i licahnaa rd uzi ¢ zo
conformYbiFrinf |l uor oedilTh fViEgam eh i (gFhveDF powe o el ect
density (3t BEVDWES t.n3 HWecnmuse TrFE mono
britmigehi rd f | woi itaadmethdi gthheert étoernnd epniceyg o el ect r
phaBesiPdveDsFk and its copol y mienpgo, | yoatmh edre p( oPlAy) n
pol yla@cdi @ PlAl)y ssal sope e z o eelf d.cetcrti ¢

Despietel athi peéygotloewvct tihe efmMtectpPseczoprope
pol ymeeate ant op@we tuooirdt ydadfrei ptiggggzaomi ¢ s .
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1. 2PRecdposite

Pi eczceor ami cs-pahdymprezbawar talsé mmrpipdwincat i ons.
Toobt pi @zoel ecswii tglo opdr to @seiirda ti ceard s pfeicg Ifd ¢
pi etectomipdsp o p it ardbteecggythsea r  ramp édret iteas | or ed
di fferent materials a*Whefmr acé¢rn amisc sofwietahc h
piezoel ect arnceo mbdivoigehr tpelsymer s with mechani
compoth & tbds choane mebroittlast eorfi a lasd viaegpoccerdeo el ect r i ¢
mat esMih&l geotnephgse compositaeantawmart @georaleas s
according to the dimens{(anashcwmmne®@tFvgtye
0,-1020301%82,3%2232 a3ndl 3

A~ An

SECGOAEA vt AU 1DAGOAECEO®ADA ABDHT OEOA

Pi eczcoomposite can be the <«em@omsict eanlde tpweee
pol ymerpiocerzoneolneciThecf pomgmeexhi bits | ower p
| at t et hodpupeo stiotrehpa iegroel ecd ri c constant

Kitayama amepSBulfee wasrea oeblaescebdmp o,s i maedse
ofPZT powder and PVDIFn fihéaohbPwlddt iumi lhard h

piezoelectric performance than PVDF

1.2.2 Applications

Bef oneurcadhg t he agpmlzioed teicd tr Bdeeof finad fé 1 ioalss ,
actuator, transduceA,trraands ¢ aastohadnrvanryg isy ewni

one form of eAprggtuatoranstaedevice that ¢
16



or crmemlil enetgy,a specific type of transduc
transdwmceareaidsabl e format, the transducer i s
Pi ezoel ect rtircannsadtuecreirasd safracessuds @ a dinf e ,

i ndwyasrnmar, n®ofmewdn e hi ntroduced bel ow.
1. 2S8ndéyst ems

Sonar plays an i mportant role in underwat
under wat eanflimalmti ecatsi omhown i2P'EFegur es tlatli c
transdaerce@rmrisgiunsaeld yas svamdie rbea treecpd aced by
piezoelectric atnrda nrsgaguncgeitress ¢ etlireatri svdelce e r s
gener al liyh esrungsé foifor appl i smiazlé .on

During WoPad!l| Waangevin fhadr ilinastudd washal €
submarine detector using quartz. Since the
in sonahasvg sheen ideezvoeell cegatd.d it e r SONSE Syst e
caemit sound pulscsesveedtemigocessenef gy into
vi brsatandecéabl ectsoubywydj eent Iceocnttierela sptr etva ou s
procleenegr acezrawmith Quariegghpea@dfen the sonar

becea uslihel plo wege n e raantdihoenat gener ati on.

Vs Fish finders Underwater communication

SECMQBE ADNAOAA ADDPIAEAERBA® AiF 11 A0 OUOO,

1. 2EBethgyvesting

Ener gy haar vperso ciesget$usteast® unt s of energy fr
more surroundianngdtentnleea @y us cals lea®er ngeyic @ ¥
|l ateThemee gy cri si sasmanebenabbkdvureialermadtyi on
and humangimiotdno ebdh lhearmedh e-chgyvesting technol o
used apowers edanevsg ewetdin smalblecsamseent i onal
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batitelsad i mi tsepda nlswhiciaetht op t hd hdvevikceofand cau:c
i nconvenigaum@deumméssome pes of piezoelectric e
systems.

The piezoelectric ener gyhrheaer mtaEtpisng 1pPr o
Mec hamiecalni cal energy transfer (piezoelec
ambient ener gMe cefdeice a&tnrtil ygl;, €ner gy conver s
transducers should have a highEeeltectcrad mec
el ectrical e n earngeye Ut eraaennsef cegry b sahnosuilaomotrat e d
stored in a waa@acitor for | ater

Kim étfialstvesti qadt ¢ dhtagriveest el ectri cal e
mechani caldynbmbati emngisiuohmans teanng ianuet,o ntohbriol ueg
a ficymbal 0 piezWehHiecddetcetimped digemnt cl ot h
with a piezoel ecstyrsitcenéenhgexgp| bapveawiehgctr.i
gener al powercBBawugiceg portablar egbopeent he

moni twmiitnyg, or medical drug delivery devi ce

ﬁ hermoelectric

Piczo bimorphs

Piezo side-walk

a8
i

&ECMRAE AAAOAA ADPDPI EAAOETI T O A& O AEAEAOAT O
OUO@AI O
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1 .P3i emhooctaot al ysi 9 htomat agli yexzto

1.3.1Piezophotocatalysis

T hfeoun daantaddh@am acokerpbkoi aemetnaliiyoSinesdolt..elr
A mafreature | i miting tyhsat serftdhrsedc embyphat i phot
photogenerateckstadbl gembhengalaeredaecd yainc f i el d
el ectrochemi cali pphootteoncte saal & ydsi ofsimeorne nscoe ut i on
chacagestioerdi dif reesestreitpdamtghte osfo X iedat i edu@atinido n
reacandheleynhiamghe phot oca“®@!| yTthiec naectthiovdist y«
buildnhgrnah phetdcatal ysts are associate

pol ymorph boundari,ssliuni ani p b oatcocusemtt alry atl i

o

oc atpalototcat al yst-nj pootHowestgreayndhapre | i mit

—

unctional scale beabubntetbargéechrircefseb

omnd di appears

The interamal sof i @t ds e f**8Trh ep od faftehcetast i o f .

-+

erroelectric field oweritnhvee spthhoggtadumihe nii ¢ a | |
charact earnidhat irsemend hat t he spvh datheaatoall yestt r i ¢
fielxdi bhi géetaicenhf i ci etnhceyrpbth lo & 0 s.aBteacl ayuss e
reduct i otakpeleammdd dospist o ereoneéeél ectric domai ns
reacocowms domAahasopposi Weeor Ba&it &t | omi nat ed
wi UN liigmtueous loeAagd:&acaleydaiticcd? BPHEF P 0,)

and r Ag@Ad&¥Agaccunmwlnattehe surfaces of domai |
pol ar, zag iishimg wn4€l-g )5S mi | ar r es ereernchlm haonmh p hen
i i gurat-flhadeen r ePio®i écdosaione d BasTubos % at es .
These phenomena implied that the dtatic d
phot ogecnaerrraiteerds raenddu ctthiaotn taheed c bz o de&h € 0n

spatially distinct areas of the catalyst s
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SEC@BQAT DI COADPEEA 'AQq PEACAOTLAE JOEOEARA 1 £
A OUIAAZEIQA OFAE | ABDIAA T JOOMUTRADAD EA AA £ OA
OAAAOQGET 1T Oh j Ah AQq A&EOAO,GHAAERABRGEEAIOO ET A
OEA OAAAOQGETT O ET AT ANOAT OO0 1 AAAREAAOAOA C
AT OOAODPI T AGAADT OEODSB 0A

There are momat @riieazloel elcami Besrio¢elredurcied
i Chaplt.e2r. 1. The fpeorlracelzeadti ®mo mmaneoual swhi l
pol ari zati on on piisgzoelractdacwnniidte resf taldr £
pi ezoel ectariec wmadpetfepprddods ocat al yti c activity
phot oc Atppll wsaingpmait € zoel ecttriesa@ap meapkoetreinatli al ,
which provides pahdadtrogyemegr aftoerdc ec afrorri er s t o
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2.1.3 Atomic layer deposition (ALD)
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2.2.1 Scanning electron microscope (SEM)
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2.2.2 Transmission electron microscopy (TEM)
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2.2.3 FTIR spectroscopy
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| Rpectroscopy is wused to tiideemali fgr ocuhpesmi
Ssubstrates. For mol ecul es with a dipole
vi brational modes under | ahbdeanrdeidn g.a dA basto ropnt,

occurs when thike heasgudrecypgame Blequleacyi bf at
bondodrl ect i .ofhd poefc thbroonsdcsopy reveal s hmow much
each frequency, which can then be used to |
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Beam Moving Mirror
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Detector
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2.2.4 Raman spectroscopy

Raman spectroscopy is another technique t
modes and provide a fingerprintpfogsuctéde de
similar but compl emsmteacrty. Bisobpopfmamaonc t bi
(usuallwawnekéenmngtl ler bhafgreon@-a mfinrtdorreesedt t r avi ol et
interacts withwhtemetepeciebmendi poaktedi pol e pol
on mol ecul e changes sanghtihf®aesnaenntea fafyd dof b @ h o
generTahteeds.hi ft i n ener gyt muweiolvri adteiso n anlf omanche g
the magnitude of t he Rpmlaar ieddeialti tilye crhealna
mol ecul e.

A brief working mechaetiiessnh ooMn a nBaFmagnur ep
El ectromagnetic radiation generated by a | :
by a |l ens and det eElteeadR@by!| ai gno nT atr toemait og (
of light 1is c¢hanghsedm&tiel e ntchaat eatrireel gwrhitesl e n g
corresponding to arhce dmlsy rR anes efasittlt{teatrieardy o u t
ener gy anodf dairgehctthsdreg et ed
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2.2.5 Xray diffraction (XRD)

X-ray diffractmoen WXRER)Nay udsiefdf rxacti on tec
materi al c hhassaed et ozatdieonj fy the crystal :
pr owitdienrf or mathieomqphysi cal &tuathe acf ctrlyest aad hp
anrdesi du)al stress

| nnX&RDWi ffract omet er, -raaysilnsyd ms emha vted einrgrt ehd
sampl e. By cont i niuaisaryg!| € h aonfiyn hle etakre t he
rel ationshiipinnfetobehgi &ahghetbet ween the i nc
beams i sThecboldbage field collides with th
cont i-wmawalse-ngy B, Xamalv eslienmgdteh 1 s achieved th
filTher i nxngiddegnnd t he spacingchbep waf@ddt he par
t he mateeami ak t he giftfuaPRatranisgyudwhresdh t he pat
di ff drSeQntaQel =d2pdf sd infXfrraayc thessh ne g u a Imutl d X-prh e or
ray waved)aesgshesw(ninthieg dmefavk s he strongest

ener gy canacbceorodoitnagi nteod Br agg' s | aw.

¢ _ cQi 0t —
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Possi bl e phases can be obtainadday abamear
t hent ernational Centre for Diffraction Dat a
spectra of K® olwest farmoyns snahliebdiregaened dti Hd oa c t

intensity

et TR SRS SRR R S

SECOOA ¢80 " OACC AEEAOAAOQEIT I

>
(@
p>]
O/
C

2.2.6 Differential Scanning Calorimetry (DSC)

Di fferenti al Scannisnga adah efrteencehtriritypuEeD S C)
meastuhesden€¢e in the amouihmth gaef theemapte rraetguurier
sampl & eafnedr ence aworaktitnogpetHraabor 6f uxmabD8C i s a
and cotnynppehS&€f t hat changes in heat flow are
t hgflrecurAheschematic diagram of Ftgh@r.d8é¢ald : f | u:
t seampltehreei@r ence cruci bl e ar d hpelramoecd uopn eas ,
and they are covwernegd oiln ead tfeumghearaaet, srceo ks as d
heatThee t emperature difference between sampl
absolute temperat ue evworikitgimgp s amparbes,ol aurte t h

t emper atruerfee soefd ctehhee ss amglog ded as temperatur

(a) Reference Sample Heat Sink (b)
Glass transition Exothermic
Heater H

Solid-soligg  CT¥Stallization

transition |
' '

Ex0 ———=

I X

...................

&

=

n

3

s

]

n

[}

-1

°

i > ;

§

Heat flow

i |
| Baseline |

Heat Resistor, ]_’ A o i shift E ! )
Thermocoupe ]—_—'- l ; % ; i
SEQOA ¢80 j AQ3AEAI AOEA AEAGCOAI 1 &£ AEAEAOA

i AQOUPEAAT OOAT OEOETTO EIT A $3# OE
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The result of a DSC experiment is a plot
whi ch mayssgsavweelxlotadrserem €o talnedr mi ¢ penaks, as
Figu2 .e8(Eh) hal pi es afant rbensdchyi omisaegdati ng
correspondadi ntghepelder eidsren &and crystalliza

gl ass tasanwelltli oans cheei pabsirkencdi edsby DSC.

2.2.7 Thermogravimetric analysis (TGA)

Ther mogravi metric analysis (TGA) is a me
mass of a sample is a adantheonmn empeat eampeeat
controll ed natgmmasegsadr,eemper ature, and ti me ¢
el ements and other additional el ements can
Depending on the analytictcehrpreodEzdumat aad |
on physical phenomamai { 58 0 pantddhel gntad p Esit carb,i | i
and chemicalli phembmenpti(andelowd rdeftt i eom)
sampl e

Asampl éopdadaeci si oinn baal fanmrpreasoogea awmimial | e
tempecahur el under wvVaribhetmaihhmoppige aef mat r

anal,y zaer sFhiogw8r.ei n2 .

Almosphang conirol

Furnace Sarnple holdar

Rescorder
Recording ‘ Balanca comtral
balance

SECOOA ¢80 3AEAI AOEA AEACOAI 1T & OEAOI T

Furnace
tEmpEratune
programimear

Tesmparatuna
BEnsoT

2.2.8 UV/Vis absorption spectroscopy

UltravioU¥! Ydssormptei qni spedtasvssaogyal itat
to identify omehdcaban §gpeametaessubgesiavnetoifttoioels t o
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species in (Maifrfley e;mdaMotteadmekses and i ons capeé
photon enermd/y si m atnlge darwoep hcoarlelse.d Tchher absor be
in the chromophforrelmmexgiroenel scarenso highe
orbs tahd theadhromabpsorbdexgi tbee pthm ttomes dlse
di stribution, each chrbmoppodi ®nha&a xXi hg Mo &n
absorptdorinegspwade h/gmagvwenntunneber amdoirpt ewowsuni t
peakuUVi/iwi s absorTphteirccf VoS giest ahsor ptdaom spect
provide infopenaitfiiohumdmdgd nat groups

The HBeaenmberits Italwe pri ncUW/IVe sbys pwrititclhpa ot c

me a sthree concentration of absorbing species

£ s e O o
06 a0 - wd
O

where A iIis the maakurtehe abhsodleaadnod, ght i
thesmi ahedati naeqisv e i sslmeoé lagn@tlsor pti vity ol
coeffaceemettaanted t o the maeakluremeime @atmoslip
through tme £ampl ¢ he absorbing species con

ThEV/ Vi s I@ptexmatogsritshseeofkey, campehewns in
Figute &. | ight source, a wavelength selec
wavel engt hs neatri otahlvee | kengjitrhe d aamrdalayhdet ect o

i nt eafs iittnhceildiegnhtt t t ednd&mi t he sampl e.

Mirror

Reference

Mirrm/ m Photo diode

Data readout

Absorbance

|Tﬂ Wi r‘ngﬂ'. {nm}
I M Photo diode
Beam

splitter Sample

Monochromator
SECOOA @8uvVAEARGIEBAIAODEAEO ODAAOOI DET OI i A<
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2.2.9 Hgh-performance liquid chromatography (HPLC)

Liquid chromatographgyr @ wge)c hind qaurees afn tamea
chemjustedy to sepamat guamtdiemyi epch componen
organi c, i nor gaanda , bipdahemicdalg hc@ip d wm dna.n ¢
' T quid chromat ngda@ahyeidtHi LIC) g hrseogasaunra@ede 9 ng p
mo d ergrui pmentand od alnugsns ypsatcekmsn

Figure 2.4¢& hesrmatwisc aof ana HPhL&€s siunrsitzreudmelni
sol Yassmt@abi | ecpmtagieni ng t he gatmyrlesh gnh xa uacel un
filled waddorabesndlaislaest atkEaonar gyo ppaasent [
mi XxXtinmrteer acts sl i gthhtet godbénheesmal &iymfged it dint
fl ow ofatesmpoinkeat € a@lhwmnl eading to the sep:
components oad tlieyThied ecowol nubmnn.at i on aonfd a st at

amobi | e cprhuacsitahle sfsceqpfar @ao mponent s.

_— Manipulator

" __.Samples to fractionate
" _Sample injector

2l = /,Switching valve

e
e
L

__Mi-Detector (i.e. UV-vis)
zael (1

Solvent B pump —H+

Solvent A pump S —Separatory column

i T J L9
o= [ =
i b
N P , —|—— — Fractions collector
Waste.._| T L, — — Vials containing fractions

zl ‘J YN + Mixer

[ | | Loohon Valve
| AN

| \ Degasser
High-pressure pump —! ' Purging pump

8ECOOA ¢8uAEARGIEBAI ADEA BI OO0O0I AT O

HPLC can be usaeli hatdigeda i ¢ manesi Quea lantaaltyisv e
anal ysi s refers t o t he i denti fi:ctaha on of
chromatogram of the detected compomemnthei s
aspectthse ofetention times and csomgppease mdfs pea
anayzed via variobsadetdespecsrposcopy, nucl e
and mpesct)d@uoeatnrty tati ve analysis of t he ¢
perf or imleheeibgyt orc oampecan eoafh dtphaeea k al i br ati on ¢

standard
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Chapll&lf f e stod vefnt and

el ectrospinning param
mor phol ogy and piezoel e

PVDiRanof i bmbruasn ane

Abstract

PVDF el emd mlorsgppruens wer e prepared by empl oy
solvents and diverse electrospinnwag paranmn

carri,edclouwudi ng morphol ogy, nhBmlods e efrr ad taimer

and piezoelecocdeicexesponalkemechani cal strai
by wusitnogx ilcommy DMSO as the solvent, PVDF me
( befardee, smooth surface, and uniform nanofi

membr anes s howefdp hcasyes tfarl a ctiainodfyg, 8a0bes pedBi vel
t her,eeflerca r ospinni ngf opseimdggD B d menmw ihi@ Il e
pi ezoel ecitersi Mo rpgmeovpeero,h @i doeort eethfteiftale s ol vent
properties and tmet emshet rfoisnpailn nginez opealreact r
When PVDF membr amebawet hrdcffensentand cryst
applied to make the piezoelectric transduc:¢
be obtained. Thiscpiaperamdoef diecsi eamt egtfr at
piezoelectric properties of PVDF electrosp
di pol e moment and process partahmest eéerhse. fTior stt
ti me that tabel vehpdédbecmomént on the piezoe
el ectrosphuas niaetpeanritael ds.

Key wo rRIVsD F ; nanofi brous me mbr ane; el ect

properties

51



3l ntroducti on

Piezoelectric material s, whieft iamrge aemxd e
sensors, have attr actPend bmu celf , atpti eerztoiedre crt & ¢
convert external mechani calvegtsraai nPiierztoe | &l
mat erials can be divided inéogthrgeeambaiEncecy
ceramics (e.g., | ea)d, zamdcd opaktegmerngs apat g, , E

fluoride) (PVDF) and jatnsd cpoop oyli ymnedress,) pga3l]y. | &
piezoelectric polymers pregbhwesgkt) fdef adi
and flexibility,; therefore, they have the
flexible*®*electronics.

PVDF has become the most widely investig:
its excellent prioY&DFi éd s and oll ywmop pihec €. ma-
di stinct chain conformati etnrsanisn) fpilvaen arr yzsitg

bphase, T@TaGa(hteyrmsnsh@anip b as e BG EGdnada n d

Upha%Ae sst rong el ectrical di pol e moment exi s
fluorine atom is more electronegative than
piezoelectric properties. From the packing

be contchlautd etdh er e iUs nldpoh anseets ,d ibpuot! et hibnr e ar e r
csanipha%emsong these thhhasephaseshetheghest d
per unit cell and endues PWVMDF¥ with the gre.
The essemawei md time piezoelectric propert.
alignment of chain conformation. The main
properties of PVDF ar e: (a) addiamg treat
stret3ch(im)g bl endmatgeltijldlihs @ g & ofin cp ipeazra e | cel cetsr |
ceralhi®esc.; (c) adopting new prtocamssed ma&) ho
altering 'tome ssurfacttbtm®r phol ogy

El ectrospinning is a simplfei baenrd membsraan d
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with a fiber diameter on the nanometer scal
voltage supply, a spinneret with the polyt
suitable solution is a keycpaoaldtbéodi sbettv
a suitable solvent or melted at a high temp
pol ymer solution. Additi on,alnldy,hc opnrdoupcetri vviitsy
mandatory for solutions pmoeregoicmo delte otnrsq
means suitable processing parameters and a
can form a stable Taylor cone at the tip o
to the collector when iter ehiegheosthancites
tension. A nanofibrous membrane can be gat
depends on the electrospinningtsaolmeectParoce
di stance, and feed rate)amd dt emyba reantt u rpea)r aim
the morphology and structure of the fiber.

As one of t he most highly fluorinated p
standard organic solvents. I n order to cot
solvents fordimagl WPWerFs, biedolre t he actual di
Hansen solubflwietey patameduees, which defin
pol ysmelrvent system. THR)e afada upoloyfmarmtdeafaicrd
sphere and iculeampgd.i clafmtty ¢ale di spersi on,
hydrboendi ng solubility parameters, respe
par amet eRhcsamwidihsshol ve the RpobegmeveenThd edisot
coordinate and the center lodultahtee dp od cyarerrdis
Equat@Blpn (

Y L T T 1 (31)

wheire , dndre Hansen parametieris, famdt he |

1 are Hansen parametlres RboRisot tal $eldvearmte r e
energy difference (RED). The pd/y¥yetit, can b
whereas a solvent cannBd RrdPf8Boolt velda ke pol

solubility experiment of 46 kinds of solve
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of PVDF, which provided a direct criterion

sol vent .

Solubility supplies the possi biblaisttix of p
step in electrospinning a nanofibrous memb
solvents have effects on the final me mbr an

not only the morphology but al so the pie

edctrospun membrane, ?MMer eeponrt etdh éd yhikKgm aitp

of the solvent is the main reason *®or the
2'Sol ution conductivity is also a &ré§. fact ol

The boiling point of the solvent corresp
pressure of the Iliquid is equal to the env
evaporation rate. A higher Dboil i nrgerpsoa.nt me

Kim étsatl.three different solvents (DMF, DN\
P(VDF FE) el ectrospun nanofi brous membr anes
solvents on crystallizati on, fiber format.i
t hat two key solvent properties (surface t
fiber diameter, debprResefcenmtysntal |l i zati on,
Mar cel Beémz patr eall . PVDF cast films with di
that the PwWbFhddd mspodiarh phase) can be prod
a high dipole médtmentdi e@. t Keot hél eenalk. of sc
and MEK) on the ferrokerl REtTsmitn pr omemanide § oo
film preparba@adgwiesh DODMPOIl € moment among t hr
ferroel ectr i c?’coountdpuuctt.e dKidne teati | ®ld. and compr e
piezoelectric pgmrdEgr tfiidsmsofusPnYDF ol vent s
moments. They tfhouan dhisgH vdeingosl ewvi meTmmefnBE) can |
film with high piezoelectric and pyroel ec

properties.
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The Hansen solubility parameters and the
soluble solvents f &r.1PIMDFc aanr eb el isseteend tihna tT al
with high dipolar moments are good solvent
|l ow di posaarmomeel | i ng3solvents for PVDF.

Solution conductivity determines the chz
which in turn controls the repulsion and
Consequently, it affects thBeSéeh®ampimeaadn f i |
di fferent grades of DMFs with slightly dif
for Polystyrene polymer solutions, and the
of the nanofibers (presenceceg)of Theygdd,oumand
hi gher the conductivity, the smaller the di
AAABAEA (AT OAT Oi 1l GABREBOBAAAOADRDAOOEAS 1 £
OAOEI OO Oi 1 6A1 O60s

RED (Ra Dipole Boiling

Solvent u te th Ra /Ro) * Moment Point
Unit MPal2 MPal2 MPal2 MPat2 D

PVDF 17.2 12.5 9.2 0

DMSO 18.4 16.4 10.2 4.68 0.936 3.96 189
DMF 17.4 13.7 11.3 2.45 0.49 3.82 153
ACE 15.5 10.4 7 4.56 0.912 2.85 56
THF 16.8 5.7 8 6.95 1.39 1.63 65

v2il £ 068D OAAEwh AO OOCCAGOAA ET OEA DPOAOEI

Piezoelectric materials can usually be pr
mechani cal etlrecttahicngp,olanrd zatpio®3 odloe cotbrtiac
properEttlyectrospinning has been shown to be
the principles that form the basis of all/l €
potentiad s9eme ratinay i ons in solutions, an

when the repulsive forces exceed surface te

the tip otfhseohe@eeneeegéivaporates, and sever al
caugsithhe stretching of the et and, final/l
Consequentl vy, the main advantage of the pr
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stretching and polarization at the same t i

Many w%hlavse focused on improving the p
nanofibrous membranes by controll i?dg the ¢
synt hesi zed a set of me mbr anes wi t h Sys.

parameters (the f rAaCcEt, it am ph eetcweoern dD MR aanncde (
rate, and voltage setting), and théy ranke
t hbphase fraction: solvent > f3Psotw driaetde t>heT ¢
effects of ei ghtetelrspheam®ms pconi gt pandmgave
explanation. Howeveyweaernaimet enpsanactdi ohe rel at
t o btplhemse fraction was not investigated. Ac
study the effectrtofest aemds@lleentroppoperi ng
mor phol mpghyas d hferacti on, the crystallinity,
of PVDF nanofi brous me mbr anes. Eight s ol
evaporation rates weacect sedfecdiegloltee md maryt td
properties. Different voltages, feed rates,
of edspcnhmong parameters on piezoelectric pi
few papers haveef fiencvte sotfi gsadlewde ntthse on t he pi
PVDF el ectrospun nanofibhapteomeée dkesamas eflf e
and efficient strategy for regulating the

by el ectrospisnmlimtgi:onc osnalrvodnti ngnd process p

32Experi ment al Section

3.2.1 Materials

PVDF (KYNAR 500) was purchased from Ar ker
sul foxide ( DMiSme t, hy Nf orMiami de ( DMF) , acet
tetrahydr of upwmmc h(arsHeckd fweam Si gma Al drich (|

Al'l reagents were used as received without
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3.2.2 Preparation of PVDF Solutions

To explore the effect of solvents on the
t wo sol veretr emipxteypraea £ dw3 ..a&2sA Itiosttaeld oifn 1T agy | RV I
was atdodeéd g mi xed solvent in a glass vial,

room tempe@BALCuUTr e

4 ANBAAT OAT Oi 1 OAEI EOU PAOAI AOAOO AT A DPEUOE.
Oi 1 OAT OOs

RED Dipole Boiling
(R4/Ro) Moment  Point
unit MPal? MPal? MPal? MPal? D °C
DMF/ACE (2/1) 16.7 12.6 9.8 1.10 0.70 3.50 120.7
DMF/THF (1/1) 17.1 9.7 9.7 2.84 0.55 2.73 109.0
DMSO/ACE (2/1 17.4 14.4 9.1 1.96 0.39 3.59 144.7
DMSO/ACE (1/1 16.9 134 8.6 1.19 0.24 3.41 122.6
DMSO/ACE (2/3 16.7 12.8 8.3 4.61 0.92 3.29 109.3
DMSO/THF (1/1, 17.6 11.1 9.1 1.66 0.33 2.80 127.0
DMSO/THF (1/2 17.3 9.3 8.7 3.30 0.66 2.41 106.3

~ -

Solvent Ud Up Un Ra

The Hansen solubility parameters and phy
boiling point) of the mMBRAEH sebuéehssoér eéhk
are expressed in terms of the weight ratio

3.2.3 Preparation of PVDF Nanofibrous Membrane

A 5 mL syringe | oaded with PVDF solution
feed ratel oA P75Gmsthinless needle with an
used as a spinneret, paonsdvtoitti wge soppkygt el
rotated fl at pl ate covered with aluminum f
voltage drmidbllileet oi pdi stance were 10 kV at

schematic diagram of the mlEiCgulospi nni ng s
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wd flat collector

Spinneret 1 9 n
1
=2 YA ;‘ b
Ay LA
g o v
Syringe (placed on i pe————
the feed pump)

High Voltage

SECRBIMAEATI ACEA

I £ OEA Al AAOOI OPETITEI ¢ OAOOD
06%& 1

AT 1T £ZEAOT OO i1 Al AOAT As

The solution of PVDF dissolved in DMSO/ #
with different elecolrosgenni hgegparames er an
al |l t he ot her operating vari abl es i n ord
el ectrospinning parameters on the PVDF nan

The process par ameters of eacB Aidelmbr an
el ectrospinning processes were carried out
20N 3 AC, RmuNmidd.i tTyhemnd,5 the coll ected membr
oven at 60 AC for 6 h to remove the remaini
4AAAIXAOKBAOO DAIOAATADAKOCA  DTAAOOT OPETTET ¢ DOI
AEAT AOAOh AQBDEAADAI EHORAGOIET AT A £ OEA 06%$& 1 AI

Dipole Boiling Electrospinning ) Crystallinity b P h
Num. Solvents . Diameter
Moment Point Parameters (DSC) (FTIR)
unit D °C nm % %
M1 DMF/ACE (2/1) 3.50 120.7 -1
M2 DMF/THF (1/1) 2.73 109.0 - - -
M3 DMSO/ACE (2/1) 3.59 144.7 992 +228.8 52.30 87.49
M4 DMSO/ACE (1/1) 3.41 122.6 10kV,1mL/h,15cm 817 +176.3 51.61 86.88
M5 DMSO/ACE (2/3) 3.29 109.3 602 + 203.8 51.25 86.36
M6 DMSO/THF (1/1) 2.80 127.0 1133+ 225.9 50.27 84.70
M7 DMSO/THF (1/2) 2.41 106.3 1421 + 221.7 48.67 81.91
M8 10kV, 0.5 mL/h, 15cm 658 £90.6 50.46 85.36
M9 DMSO/ACE (2/1) 3.59 144.7 10kV,0.5mL/h,30cm 822 +129.4 50.37 86.42
M10 20kV,0.5mL/h,30cm 734 +111.4 52.36 88.01

v 4EA POT PAOOEAO T A& -uv AT A - ¢ 1 ODEAITICEABDO
NOAT EOUS
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3.3.4 Characterizations

The mor phol ogy of t he me mbr ane was obs
mi croscope-6(49HDM) J(EOEM Ltd., Tokyo, Japan)
all samples were sputtered with a thin Au |
standardfdewanatfidrerre for each el ectrospun
measuring 200 nanofibers from SEM i mages.
was analyzed by differenti al scanning cal o
Castle, DE, &&Hdbewsi mpg otchedl@ilm e2500AC40ith a

of 10 AC/ min in a bapihtarsoeg ef mr aacttmoosnp hoefr eP.V DIFh ew

Fourier transform infrared spectroscopy (F
Fi sher Scienti fSIAQ, i Walttrhaanns,mi 46,0 6}& Mmo d e , i n
wavenumber rangleegcb6iuscany, 4 cm

3.2.5 The Piezoelectric Analysis

A piece of PVDF nanofi brous membrane (I
mnf) was sandwiched between the conductive s
were attached to the two sides of the PVDF
the PI tape was used to pack and protect th
ona -p3oi nt bending clamp for dynamic mechan
instruments, New Castle, DE, USA), which ce¢
Anot her end of two copper wires from the t
(LT3220y,Lekew Yor k, USA) , which worked as
assembly method of the transducer and the

Fi g82.e
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nsducer

1. Piezoelectric tral Cupper wire

PVD; membrane PET film
3-point bending clamp (DMA)

Oscilloscope 7
— 00 OXZOBO @

.-QG G
16161Q

3. Data acquisition setup

2. External mechanical source

SECRBAMEAI AOGEA 1T £ OEA A@PAOEI AT OAl OAOODPO (

The saumendy e@0.5 Hz) wi tuhm d2E@ CGaredt3 GAa0 ai
um) and the same strain (20HE ubhz)5 avnd hl di f
Hz) were applied on theitrrcaanddwvodén algye DWMA .t |
under stcroaridne dwabsy rtehe oscill oscope. Anal yse

performed twice at room temperature.

33Resul ts and Discussi on

3.3.1 Effect of Solvent

DMF/ ACE (2/ 1) and DMF/ THF (1/ 1) are the
PVDF solutiopneanfiog éhed¢cthredBthiotwsr ather &.EMF i gna
of PVDF membranes (M1 and M2 ) prepared u
nanofibers with nonuniform morphology and
membranes. It can detsaenwheomthéeel sdlevani

similar phenomena frequently occur in the |
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(B)
M2

CECOCNo-x &1 ACAO 1T £ 06%& 1T AT T £AEAOT OO0 | Ai AOAI
-uv { OOET C $-&T!'#% joe¥uvqq AT A j"qQ -¢ O
FigB4epresents the SEM i mages at t wo ma
hi stogram of the PVDF-Mi@anm Ftrhber oUESM menmabgr easn ea
magni fication, it can be observed that thes:s
defects, with morphology completel @ differ
Anot her advantage of adoptiimcg tMS@saesmp haas
by Restdal
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From the SEM i mages at high magnificati
shapehmafnosweree observed. The difference i1
me mbr amadse attributed -stteet ¢ Ihien gedwirgoncga it © o e
el ectrospi Moreg spreccéssal |y, the solvent w
wasgompl etely evapor at edhediuvarnionfg bek ectwiashpi
di anseyeee gat hceorlelde cotno rt;memnn dnfeir bvée s ewi ther esi d
reached the <collector and presented a | ar
during the process was determined by not o

t hseol uti on conductiviteggdsitgdh mitghl telha mga tdie

as wel | as the formation of wuniform fiber
solution conductivity than DMSO, foll owed I
was increased from M3 to Mé dndmdtrem M5 d
membr ane, it can be concluded that the conc

effect on the fiber diameter than evaporat|

The FTIR spectra of all the samples are
chm! 1damlnozm! B87d " were rel atwalggiong hwi WCrHat i
symmetrical -Gkt r-@t abiymgetorfi ¢ sigywrmmdt migg a
stretching, respectively, and these are col
The peakshmand4102 7ebenr e at t r i bouft leadn & od eCfFo ronuatt i
and2rCHcking, and they wehhphaebaratt PVDBEt i Theé

at 76Wasmrai sebdenfdiionny GFnd skeletal Wending,
phd&s3é
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Absorbance (a.u.)

Wavenumbers (cm™)

&QECmM) 2 OPAAOCOA T £ All O06®uwd1@d 1 £AEAOT O
To clearly obsiedrwreveasheamdd fdiemmglnyceexpl ai n

t hbephase O actioon y( the MFTlaRds pMaOt raa eofpr es e
Fi g3a6A2. Of can beedatbusuhgtatmberBed&rquati on (2).

Fb=—2_-T100%. (2)
Apt+ @AU

wherogd 6 Hc hmo'l ap@d7*XKdcrmmo'l) are the absor |
coefficicermarsd a84 @ 6@ pec tyarvedd e tamed aAbsor ben
at &r&nd 840 roem p[e3cdt]i vely

6 4








































































































































































































































































