) @

d‘ a a J wa Aa wa Y
BOLIDIINYTHNUD ﬁuumﬁmﬂauazﬁummﬂﬂﬂwmaaﬂmm 0-3

q

a 4 ad a
W s 1S Issannsn

Y A a a 4
ALY N UNHAN ll‘Wﬁ‘L! NOIFUNNIYIU

a LY a o J
Sayan INNNAATUHIVUNA (IFAFTNT)

o’d’ a a J ~ an t4
ﬂ1ﬂ1§ﬂﬂﬂ§ﬂﬂ13ﬂﬂ1uwuﬁ WFT.A3. ’Q(ﬂTL!@H L%ﬂiﬁiﬁuﬂuim

= G L7 [y

Y

NUIBUANIM I BT ANTAVDIANANLLD 0-3 sEHAINWNING PVDF Ay
53 1sodnnsnluszuy PVDFAPZT e x iaumidy 0, 0.02, 0.09, 0.18, 0.34,
0.67, 0.81, 0.88, 0.96, 0.98 waz 1.0 iwpaIulasdsung (v3e x = 0, 0.1, 0.3, 0.5, 0.7,
1 g v a a Q‘{d'

0.9, 0.95, 0.97, 0.99, 0.995 wag 1.0 wuamlasimin) Tagldasiiin PZT uSgnin
o 1 Y axa o J o = o ' LA
dunsiziiuerIe singoon las  waghimsmsouIdaNauIUD 0-3 - SEUIINNNING
PVDF AU%515AN19mMsM PZT552, PZT406 wag PMN-PT lussuy PVDF/XPZT552,
PVDF/xPZT406 11z PVDF/XPMN-PT aady ilie x dawiinu 0, 0.05, 0.1, 0.2, 0.3,

9 v Y
0.4 wuwaz 0.5 wwaulasilsunag mﬂﬁ’uﬁﬁﬁ@;mwﬁgmﬂn"lﬁ’ullﬂﬁwmimnﬁau
J = 9 LV o 9 wa A
pensznoumanil Tassadanegania autianiesmenn avianie ih wazauif®anag
Y

i)1ﬂm'sﬁﬂmgﬂuwnmammumm%ﬁmaﬂﬁﬁmaﬁﬁ@wau PVDF/PZT wum 15109

' Y 1

waved PVDF uag PZT ag3iunu Tagimamnyuvoaazlanueasdiumsaui
yvAuvoarlaiue  FaanuduwusfuaNUT YA #anmsasIvaeuaNANI MW

Wolaquay PVDF/PZT Wyl manuvuuduvedidananaziiuiuamilsnava PZT

o
A A

AiuAuIuAe 0.34 wwarulaeFinas (0.70 wwdauTasinin) NAuAANIIY
Fuinsvesiaquaazisuanatesnitvdidy Tudiumansasndeudnbas Inseaitana
yama wud unsyaveanla PZT wnszanededlunming PVDF stwasindue uasnui
sdnuumadendemavesSaauauomdounouuy 0-3 lufuuuy 33 fisasdau

1 1 Bo} 7 4 o wa
Uszana 0.67 wvdiulaglsuas (0.9 wuaiulasumiin) Werhmsasaaeuaianig



TWfhvesiaquan PVDE/PZT wudn siaawdunmu Iihinun Tivaaas Tuvazian
o 1 4 A 2 1 ' { ad a ]
amii liheliauiviudolSuala PZT  wivdiu  dausinsh ladiannsnuazan
@ a £ ad a A 2 4 2 1
dusgansiiie Twdanns niluua I domvlunauwd PZT auis 0.88 winaaulag
[ 4 o ?z{: J o @ 1 4 adg a
YFinas (0.97 wewdiulaimiin) minlusziimanas dmsuamals lsodnninagll
1 v Y
uur TduasauiietSunawla PZT iudiuaute 0.34 weaiulaolSuias uagaziiuualiy
L 24 4 X g ' an
minyuieUsina PZT windwilu 0.67 wudiulaolSuias minwamiasivdouauiia
a J 1 < a 1 @ Y ' '
FIna WU MANNLTLUUYIeIULINNGS d ANEAAAYEIEY HAaZAINMURIUNIUAD
' 1 Y 1] v Y
msuanvesiaganay PVDE/PZT finun TiuiagivuaiuiiotSua PZT mindu
Hamsasvdeuauinvesidananluszuy PVDF/PZTS52, PVDF/PZT406 uag
9
1 [ 4 @
PVDF/PMN-PT wud  jilunumsaeuuuvesssdenguesiaqranlunnszunazilsing
= = a 1 o = A X2 1 o '
#finved PVDF uaziinveassiiinegsiuny laslimaiuauvedudazlanuensiaiums
A a4 2 2 = = v o Jduw 9 =~ 9 o
wunmnveunayg  eeslianuduiusiuanueuvesia  dMSukanIsnIIIdo
' 4
AUTANIIMENIN WU AMANUHHILUYe T daNauIglin iU wS mave avlaas
a I 2 o v a v 1
UnimutusoanuduiusuuuFady wamsasaeudnuae Inseaduniegania wua
a @ 1 a -4 1 ° =) A 1
assmlnaznsznedloglumming PVDF sgnainaue Tastigduuumsisonam ey
0-3 ieimsasnnaeuanianie ihvesviagraunnszuy wud manmsuniulwiii
9 A o Y A A XA a A X '
uuaTdnaaas  luvazdaaawh TdiheziaunnvudolS masmasiinmuay @
1 A adg a 1 = ad a 1 o a £ a adg a A 9
Mmasi ladannin mmsgudenislasiannin wazamduilszansiiie lys@nns ntiuua Tily
2 ds! A a 2 ds! ) Y wa o ad a @
My welSnalaasiliniivaiu - dsunamsasnaeuantiams 15o@nninveide
= a9 ' ' A o v Y
pernlunnszuufgungiivos wud mamwauvaovesInanlsiwsy uaza Tnan lsadu
v Y
gagavediaananszuy  PVDF/PZTS52 waseul PVDF/PZT406 B T
TuamzNaumavdrms Idihazlidasauiiolsuandaesiiin | PZT552 uaz PZT406
A 3 1 v o ac a @ ' 1 @
AN aruammanls 1soianninvediganauszuy PVDE/PMN-PT wun aTwan lsiwsu
' Y ! 1 Y H
gaga Hnwr TduiuduiieSuauvawsiin PMN-PT iindu Tuvazhmanimauvioves
Twanlswsu  wazauwaudane lWiheeliuu TiuaaaulotaanauiilSunanassiiin
] Y v v Y H
PMN-PT iinauaude 0.2 wndiulagifsnas mntuagiaunuauaulsnoasamsiing
A X wa A ' 1 o o 1 <
MNATY NHAMIATIABUANTAFING WU MNORaaUDIss MANULALUYIazuDY
a 14 @ = Y A 2 d? A a A da! ) @ 1
Annesavesiaguaunizuy e TiuNvzmvuieUsmaams iy dmsua
Y 1 ' = v o o A A a Y y A
ANuAMUMUAeMsLAn WU Januduiusnudsuadaesiini@uan luIndife ey

a Y
LY U



Thesis Title Mechanical and Electrical Properties of

PVDF/Ferroelectric Ceramic 0-3 Composites

Author Miss Pailyn Thongsanitgarn

Degree Master of Science (Materials Science)

Thesis Advisor Asst. Prof. Dr. Sukanda Jiansirisomboon
Abstract

This research studied fabrication and properties of PVDEF/Ferroelectric ceramics 0-3
composites. In-house prepared PZT ceramics and commercially available PVDF were used as
starting materials to form a full series of PVDF/xPZT composites (where x = 0, 0.1, 0.3, 0.5, 0.7,
0.9, 0.95, 0.97, 0.99, 0.995 and 1.0 weight fraction) with 0-3 connectivity. Moreover,
PVDF/xPZT552, PVDF/xPZT406 and PVDF/xPMN-PT composites with x =0, 0.05, 0.1, 0.2, 0.3,
0.4 and 0.5 volume fraction were also fabricated using commercially available PZT552, PZT406
and PMN-PT ceramics, respectively. All composites were investigated particularly in term of
chemical composition, microstructure, physical, electrical and mechanical properties.

For PVDF/PZT composites, the preliminary studies of X-ray diffraction pattern showed
peaks of two-phase mixture with intensities corresponding to the relative amount of each phase.
Bulk densities of the composites increased with increasing PZT content up to 0.34 volume
fraction (0.7 weight fraction). Further increase in PZT content decreased relative density
significantly. SEM micrographs revealed homogeneous dispersion of PZT granules in PVDF
phases. The connectivity might start to switch from 0-3 (PZT-PVDF) to 3-3 (PZT-PVDF) at
around 0.67 volume fraction (0.9 weight fraction). Measurement of electrical properties showed
that electrical conductivity increased with PZT content, while electrical resistivity decreased. The

dielectric constant and piezoelectric coefficient found to increase with increasing PZT



concentration up to 0.88 volume fraction (0.97 weight fraction) and then slightly decreased.
Ferroelectric measurement of the composites showed that value of remanent polarization,
coercive field and loop squareness tended to decrease when increasing PZT content up to 0.34
volume fraction. Further increase in PZT content to 0.67 volume fraction caused abrupt increase
in these ferroelectric values. Mechanical properties in terms of Knoop hardness, Vickers
hardness, fracture toughness and Young’s modulus gradually increased with increasing PZT
content.

Investigation on X-ray diffraction pattern of PVDF/PZT552, PVDF/PZT406 and
PVDF/PMN-PT composites showed peaks of two-phase mixture with intensities corresponding to
the relative amount of each phase. Densities of all composites tended to increase with increasing
of ceramic content with linear relationship. The SEM micrographs revealed homogenous
dispersion of ceramic phase (PZT552, PZT406 and PMN-PT) in polymer matrix with 0-3
connectivity. Measurement of electrical properties showed electrical conductivity increased with
ceramic content, while electrical resistivity decreased. Dielectric constant, dielectric loss and
piezoelectric coefficient found to increase with increasing ceramic concentration. Ferroelectric
measurement of PVDF/PZT552 and PVDF/PZT406 composites showed an increase in remanent
polarization and maximum polarization when increasing ceramic content, while coercive field
decreased. Ferroelectric values of PVDE/PMN-PT composites showed that maximum
polarization increased with increasing PMN-PT content. Furthermore, remanent polarization and
coercive field tended to decrease when PMN-PT increased up to 0.2 weight fraction and then
increased with further increase PMN-PT content. Mechanical properties in terms of Knoop
hardness, Vickers hardness and Young’s modulus gradually increased with increasing ceramics
content. Almost linear relationship between fracture toughness values and content of ceramics

was observed.



