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Pyroelectricity and Piezoelectricity in Polymers
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Fig.1.(a) Circuit diagram for poling.

V ! poling voltage, R : the series resistor,
Al the current, S : the sample,d : thic-
kness of the sample, T : the temperature

chamber 18,

@,

@D @D |+

)
@

GED e ED |+
D &ED |+
&P ED |+

:
:

Fig. 1.(b) Aligned dipoles after poling and the sur-
face charges which neutralize the pol-

arization.
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Ferroelectrics

(reversible

spontaneous
polarization)

Fig. 2. Categorization of dielectrics, piezoelec-

trics, pyroelectrics and ferroelectrics 18,

Fig. 3. Ferroelectric hysteresis loop. P : polar-
ization, E : applied electric field, Ps
spontaneous polarization, E, . coercive
field.
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Fig. 4. Poling procedure. E,=poling field, Tp=
poling temperature, tp=t, —t, =poling

time 18,
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Fig. 5. Total current in the first and second
heating cycles (biaxially stretched PVF,,
6 #, E;=10* volts em™, Tp=80TC, to=
60min.). O, first cycle(2Cmin™?') ; A,
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Fig. 6. Separation of pyroelectric current, Is,
from the residual current, 1,18,
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Fig. 7. Pyroelectric current of PVF, fim. C,
second heating cycle (2Cmin™") ; @,second
cycle cooling (—2C min™") ; [, third cycle
heating (10Cmin™"') ; A, third cycle cooling
(—2Cmin™*) 8
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Fig. 9. Pyroelectric coefficient of PVF, film as
a function of poling time for T, =80T
(a) and 30C(O). (biaxially stretched 6 u
PVF,, E,=10* volts cn™'). ® was abtain-
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Fig. 10. Pyroelectric coefficient of PVF, film
as a function of poling temperature
(biaxially stretched 6u4 PVF,, E,=10*
volts em™, tp =30 min) 18,
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Fig. 11. Pyrodectric coefficient of PVF, film
as a function of poling field (biaxially
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Table 1. Pyroelectricity in Polymers

pyroelectric

Polymer coefficient  References
(nCem™K™)*

PVF, (solution cast) ** 18, 21
(laser evaporated) 1.5 22
(uniaxially stretched) 0.7 23
(biaxially stretched) 2.4 23
(biaxially stretched) 4.1 24

PVF (solution cast) 0.3** 18, 21
(laser evaporated) 1.8 22

Polypropylene 0.002 25

PAN (solution cast) 0.1 22
(laser evaporated) 0.1 22

Poly (acrylamide) 0.1 22

PVC (laser evaporated) 0.1 22

PVCY, (laser evaporated) none 22

Poly (4-nitrostyrene)

(laser evaporated), atactic 0.06 22

Nylon-11 0.2~0.8 26

Leaves of the palmlike plant 0.0013 27

P (VF,-VF) (88.5% - 11.5%), 1.5* 21

solution cast

P (AN-VCl,) (20-80%), —0.003 18, 28

aP )

*The pyroelectric coefficients listed here are»(ﬁ/

rather than ( 3T> as defined in the text. The same con-

vention is used throughout the paper.

**measured at 35C
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whvtet gk A e Fdalsl 2t Aoes 2
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Fig. 12. Schematic representation of apparatus

for elongational piezoelectricity®,

Table 2. Piezoelectric Strain Constants of Poly-
mers which have Intrinsic Piezoelectri-

city
b= references
(PCN™Y)

Wood —0.1 9
Cellulose diacetate —0.67 11
Cellulose triacetate =0.1 n
Bone —0.2 10
Tendon —2.0 7
Ligament —0.3 7
Muscle —0.4 7
Silk -1.0 7
Deoxyribonucleic acid 0.01 7
Poly (D-propylene oxide) —0.02(0C) 32
Poly(y-methyl-L-glutamate)

a-helix -3.3 12

B-helix —0.5 12
Poly (y-methyl-D-glutamate),

a-helix 1.7 12
Poly (y-benzyl-L-glutamate) —4 11
Poly(B-benzyl-L-aspartate) ~0.17 11

Axis 3//direction of molecular orientation.
Axis 1 and 2 are equivalent and 1 axis 3,

3t =AY £ Ul 714 moving coil
AlZ el wel A8 &
gL& Ao F, olo] 93 WH S strain gauge

2 233}t o714 wgag o zj_ A3 7F di-
fferential amplifierdl] 2}3}o 5}, ofu
THEL F3E AR Yol kAL b
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Table 3. Piezoelectric Strain Constant of Poly-
mer Electrets

d;, (PCN™}  References

Carnauba wax ¥ 8
Wax and rosin * 3
Anthracene (photoelectret) 0.16 34
PMMA 0.43 3
PVC 0.33~0.5 36
—0.89 37
11~80 38
Nylon-11 0.5 36
Polycarbonate 0.1 36
PVF 1~1.3 13, 36
7~70 38
Polyacrylonitrile 1 7
PVF, 6.7 13
P (VKCN-VAc) 5.0 39
P (VF,-TrFE) 20 40, 41

Axis 3//direction of poling field.
Axis 1//direction of orientation.

Axis 2 1 axis 1 and 3(dy;=d;; for unstretched samples),
*(Observed.
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Fig. 13. Schematic diagram for measuring
the pyroelectricity dynamically 42,
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