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Lead zirconae titanate/vinylider fluoride-trifluoroethylee [PZT/RVDF-TrFE)] 0—3 composites
for pyroelectrc senso and piezoelectit transduce applicatiors hawe been fabricatel by
incorporatiy PZT powde into a P(VDF-TrFE) copolyme matrix The properties of these
composits can be tailored to suit designatd applicatiors by varying the ceram¢ volume fraction
ard by usirg different poling proceduresAs both phassin the composie are ferroelectri¢ and the
piezoelectri coefficiens of the ceramc arnd copolyme phase hawe opposie signs while the
pyroelectrc coefficiens hawe like signs specid ways can be useal to produe three groups of
samplswith (1) only the cerame pha poled (2) two phase poled in the sarre direction to achieve
reinforcal pyroelectrc activity and reducel piezoelectg activity, and (3) two phass poled in
opposie directiors to obtan reinforcel piezoelectrt activity and reducel pyroelectrc activity. In
this work, origind experimenthresuls on the properties of PZT/RVDF-TrFE) composits poled
unde differert conditiors are presentd and possibé reasos behird the reinforcemeh and
cancellatio of piezoelectre and pyroelectrc properties are discussed © 199 American Institute

of Physics [S0003-695099)01120-1

The P(VDF-TrFE) 70/30 ma % copolyme (suppliad by
Piezotechusel in the presen study has aCurie temperature
Ten @ 103°C upaon heatirg and T at 70 °C upan cooling as
measurd by differentid scannimg calorimetry The lead zi-
conae titanake (PZT) powde PKI 502 is supplial by Ultra-
sonic Powdes Ltd.. The copolyme pellets are dissolvel in
methyl-ethyl-ketom ard suitabe amouns of PZT powder
are blendal into the P(VDF-TrFE) solution to form compos-
ites with different volume fractiors of ceramic ¢. After
evaporatio of the solvent the composite were compression
moldel into disk sample 15 mm in diamete and abou 0.4
mm thick. The poling procedue for the three groups of
sample is as follows:

Group 1. Sample are heatel to 120 °C (abowe T;,) and
an electrc field Eg of ~35 kV/mm is applied to the compos-
ite for 1 h. Thefield E is then switched off before cooling to
room temperatureAs E; is switchel off abowe T, while the
copolyme is still in a paraelecti state only the ceramic
pha® is poled To verify this, the sane procedue is applied
to a copolyme sample The copolyme sampé has no detect-
able piezoelectt and pyroelectrc activities thus showing
that it is nat polarized.

Group 2: The poling procedue is similar to that applied
to groyp 1 sample except tha E, is maintainel while cool-
ing to room temperatureAs the sampé cools throuch Ty,
ard T with Eg still applied the copolyme phagis poled in
the sarre direction as the ceramc phase.

Group 3: The poling procedue is similar to that applied
to groy 2 sample to produ@ composits with both phases
poled in the sane direction In orde to polarize the ceramic
pha® in an opposit direction relative to the copolymer,
thes sample are reheatd to 50 °C and then apoling field of
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10 kV/mm is applied in the rever® direction for 0.5 h. The
sample are then cooled to room temperatue with the re-
verse poling field kept on. Asthe applied field is mudc lower
then the coerciwe field of P(VDF-TrFE), the polarizatian in
the copolyme pha is nat affected but the polarization in
the PZT pha® is reversed.

The piezoelectt ds; coefficieri of the sampls was
measurd using a Pennebakemodd 8000 piezo di;; meter
from American Piezo-Ceramig Inc.. The pyroelectrc coef-
ficient p of the samples was measurd using the digital inte-
gration technique*

Below the Curie temperatug (~350°C), PZT has ate-
tragond ABO; unit cel structuré which givesit a spontane-
ous polarization Py as its cente of positive charge does not
coincide with its negatie charg cente (Fig. 1). Poling
causs P to align in the thicknes direction When subjected

A (0] B
FIG. 1. Piezoelectg effed in a ceram¢ with tetragonh ABO; structure

(e.g, PZT), (a) befor tension (b) unde tension The polarizatia1 increases
as the separatia of the positive ard the negative charg centes increases.
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FIG. 2. Piezoelecti effed in a P(VDF-TrFE) copolymer (a) befor ten-
sion (b) unde tension The spontaneasipolarization decreaseas the vol-
ume increases.

to a tensik stress the separatia betwea the two charge
centes increasetherely resultirg in alonge dipole moment
am ard hene a higha Pg. As Py increases positive

charge will be generatd on the anoc (the electroa sub-

jected to positive voltage during poling) and hen@ PZT has
a positive piezoelecte ds; coefficient P(VDF-TrFE) has a

semicrystallie structure the dipoles exig in the rigid crystal

lamella$ ard can be aligned along the thicknes direction by

the application of an extern# poling field. After being poled

ard then subjecte to atensik stressthe thicknes increase
arises largely from the deformatim of the amorphous
region; so the rigid crystd lamellzs are dispersd in a larger
volume (Fig. 2), therely causing adecreasin P4 (P is pro-

portiond to the dipole momern pe unit volume ard hen® a

decreas of the positive chargs on the anode Hence,
P(VDF-TrFE) copolyme has anegatie piezoelect d;; co-

efficiert due to this dimensionheffect? As the piezoelectric
coefficiens in the ceramc and the copolyme hawe opposite
signs hene@ when the cerame ard copolyme phass in the

PZT/RVDF-TrFE) composits are poled in the sane direc-

tion (grouwp 2), their piezoelectrc activities partially cancel
and when they are poled in opposie directiors (growp 3),

their piezoelectie activities are reinforcad (Fig. 3). Samples
with only the cerame pha poled (groyp 1) hawe piezoelec-
tric coefficiens in betwee those of groyp 2 ard grouw 3

sample (Fig. 3).

For mog pyroelectrc ceramicstheir pyroelectrc coeffi-
cients are negatie becaus the spontaneosipolarization de-
creass as the temperatug increasesThis is becaus as the
temperatue increasesthe increa® in therma energy causes
the disorderig of dipoles which resulsin a decreas of posi-
tive charge on the anode For pyroelectrc polymers their
pyroelectrc coefficiens are also negative becaus the disor-
dering of crystalline dipoles increass with increasilg tem-
perature which causes a decrease in spontaneous
polarization° Hence when the ceramé and the copolymer
phasein the PZT/RVDF-TrFE) composits are poled in the
sane direction (grouwp 2), their pyroelectre activities are re-
inforced ard when they are poled in opposie directions
(grow 3), the pyroelectre activities partially cancé (Fig. 4).
Growp 1 samples hawe pyroelectrc coefficiens in between
tha of group 2 and group 3 sample (Fig. 4).

In summary we hawe prepare PZT/RVDF-TrFE) 0—3
Copyright ©2001. All
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FIG. 3. Piezoelecté d; coefficiert of the composits as a function of
volume fraction of ceramic¢. When the ceramic and copolymer phases are
poled in the sane direction (A), partid cancellatio occurs When the two
phass are poled in opposit directiors (X), reinforcemenis obtained (H)
represers ds; of composite with only the cerame pha® poled.

composits with the ceram¢ and copolyme phass poled in
specidways The piezoelectt and pyroelectrec properties of
these composits vary greaty with the poling procedures.
Composits with the ceramt ard copolyme phase poled in
the same direction can be use as sensilg elemens in pyro-
electric sensor$ as they have enhance pyroelectr activity
but reducel piezoelectre activity, therely minimizing the
vibration inducel electricd noise Composits with the ce-
ramic ard copolyme phase poled in opposit directiors can
be usel to fabricae ultrasont transducersas they hawe re-
inforced piezoelecte propery but reducel sensitiviy to
temperatue fluctuation.
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FIG. 4. Pyroelectre coefficiert p of the composite as afunction of volume
fraction of ceramicé. When the ceramic and copolymer phases are poled in
the sane direction (A), reinforcemen occurs When the two phase are
poled in opposit directiors (X), partid cancellatio is obtained (®) repre-
sens p of composite with only the ceramc pha poled.
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