U a

digad thin « idledidnvsndaenansaei - lnsTudidnvsn sialeuda
dmsuuszyndldlunmsifuifamdssy (LEAD FREE PIEZO-TRIBOELECTRIC
HYBRID FOR ENERGY HARVESTING APPLICATION) 819138730 :

T9IMEANTINTE AT, gaiund watuseln, 160 wi.

Ay wuSsuuaa@eugeslaunlumiun/anieledidnvinUasnasnz i/ anae
Indauielediannin/dieledidnvin-lnsludidnvinydaleuse/msifiufien

WA

1%
S v

NuITplyaiuluninisdunsigiuaznisuseivg Janieledidnvinwsfiinuay

L
< a

Fanufieludidnninnoulndniivasnasnzia ieadegunssidmiuifuismdnuan
nasunaidundsuliifadraieled idnnsnlnsludidnanin vidalausa (Piezo-
Triboelectric hybrid) dwiuuszgndldlunsifuifemdsnunmeliussdusaniana
Tudnusn InendnustldAnunnisduanesivaznsadetaniteledidnninesin
TnvansuuiSsunaa@euwoslawnlnnun BCZT) Fuduianmeslsdidnninfivasaans
A wazdand@iieledidnnInfarmasouvandsunaidundsuladlg aan
UsingmsaliiteledidnnInn1anss (piezoelectric direct effect) sMu3dei taviinisinen
Wisuisusgninamsniinghey fienaniuzvesudanuudaia (Conventional sintering;
CS) wazn1swnilndieUisen (Reactive sintering; RS) dswauandliiiuintanielsdidn
v3nwsiin BCZT mnnswmilnlaesiadesmaiiafigamgf 1540 °C iunan 2 Faluausns
gulimslniuasiiieledidnvinfvangandian fausHiesiiin RS-BCZT aefinsyurunis
AR d1suazUsendaningsniin CS-BCZT usautinialwimenssfindudsldifioane
dwdunshunussgnaldnulunisifuifsimdany Wweufuupsaniininfufsmdany

6

w = a a a a K v o [ a a
?JE)Q’]ﬁG}LWEJl‘U@LﬁﬂWSﬂL‘dS’Wﬂ BCZT n1sAnwuelavinn1sdaAs1gvinasndniesidn BCZT

IneldufAseranuzvaaunds (Solid state reaction; SSR) waznsdadugulaslvininuduyn
#iFnnswuuLdu (Cold isostatic pressing; CIP) ApuMSHIKEN 91ANTEUIUNTAINEI®IIEN
BCZT uanaA1duuseansnaiieledidnnsn (dss, gs) 17 sﬁaﬂuqmauﬂ’ﬁﬁmwmﬁdﬁ
didnn3nuazmsliihwesiandmiuiiuifsamdsny wonaniuszansmmlunsifuiien
wasuvestansiiin BCZT lignAnwimaasaniegldiieulvvosnstuda (compressive

loads) fiunnsineiu egslsfiniy Jaqusdinduianfiusswazuanindionielfusenssyin

[

Wena sewnll 1Adelidlauseavgianisledidnn3naeulndn BCZT/MCNTs/PDMS Tu
o w 1Y a

sUnuulaseasne 0-3 wieidndedidni wasvinnsussivgianieledidnnin-lnsludidn

9



vi3n wialeuin Aairanianisledidnyinaenindn lneusingmsailnsluddnnindents
afmdanuliihdensmienhlwihadanaznisifaliadn faainnsdnwdninaves
Sasdnrintnveseyna BCZT wandlsiiiuinnsiiuefidudlagimiinueseynia BCZT
wdrfindszavdammalwiily Insneslndndifloynia BCZT ludnsidu 50 wesidud
Tnevwiinuanmadwsndlusiiiaiian

nnwansinylunssiuandsiiu Yaqeledidnnin-nsTudidnvan vinleusa

ﬁl%’?ﬁ@Lﬁﬂiﬁaﬁﬂm%ﬂﬂaﬂwﬁm BCZT/MCNTs/PDMS hanauseans nmwlunisiuasngsany

' [
 alaf

[ L = ! a P < I v W a =l
naundsnulwihuasdiarunumuseusadenadiniy WewSeuflsudiutanesdniiele
Bidnv3n BCZT Feoralumadenidenuduldlidmiunsussgndldaudunisifuiie

wasnumelausedudnganaznisivan@enadiele

419717397 AAINTTUSITN
Uns@nw 2565




NATTHAWADI BUATIP : LEAD FREE PIEZO-TRIBOELECTRIC HYBRID FOR
ENERGY HARVESTING APPLICATION. THESIS ADVISOR : ASSOC. PROF.
SOODKHET POJPRAPAI, Ph.D., 160 PP.
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hybrid/energy harvesting

This research focuses on the synthesis and fabrication of lead-free piezoelectric
ceramics and piezoelectric composites. The objective is to develop a device that can
harvest electrical energy from mechanical energy using a piezoelectric-triboelectric
hybrid mechanism (referred to as a "Piezo-Triboelectric Hybrid") specifically designed
for energy harvesting applications involving compression forces.

The first part of this thesis examines the synthesis and fabrication of
piezoelectric ceramic with barium calcium zirconate titanate (BCZT) as a lead-free
ferroelectric material. BCZT exhibits piezoelectric properties that allow for the
conversion of mechanical energy to electrical energy through the direct piezoelectric
effect. In this research, a comparative study was conducted, comparing conventional
solid-state reaction sintering (CS) with reactive sintering (RS) techniques. The findings
indicate that BCZT ceramics sintered at 1540 °C for 2 hts using either CS or RS
demonstrated optimum electrical and piezoelectric properties. However, while RS-
BCZT ceramics offer a simpler and more cost-effective’ manufacturing process
compared to CS-BCZT ceramics, their electrical properties are insufficient for energy
harvesting applications. To enhance the energy harvesting capabilities of BCZT
ceramics, this study employed solid-state reaction (SSR) method and cold isostatic
pressing (CIP) prior to sintering. The BCZT ceramics exhibited favorable piezoelectric
coefficients (ds3, ¢33), which are critical properties for energy harvesting. Additionally,
the energy harvesting efficiency of BCZT ceramics was experimentally investigated
under various compressive loads. However, due to the brittleness of ceramics under
mechanical stress, this research also involved the fabrication of a piezoelectric
composite material, BCZT/MCNTs/PDMS, in a 0-3 structure to overcome this limitation.
Furthermore, a piezo-triboelectric hybrid was developed using the piezoelectric

composite, as the triboelectric effect enables the generation of electrical energy



through electrostatic induction and static electricity. The study also explored the
influence of the weight ratio of BCZT particles on electrical efficiency, revealing that
an increased weight percentage of BCZT particles led to improved electrical
performance. Specifically, the composite containing 50 wt% of BCZT particles
exhibited the most favorable electrical results.

The findings of this study demonstrate that the piezo-triboelectric hybrid based
on the BCZT/MCNTs/PDMS piezoelectric composite is a promising lead-free alternative
for energy harvesting applications involving mechanical compression. It shows
efficiency in converting mechanical energy into electrical energy and has better
mechanical toughness. Compared to the BCZT piezoelectric ceramic, it could be a
viable alternative for energy harvesting applications under high compressive load force

and mechanical cyclic loading.
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