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Models of Possible Trapping Sites in Homo-Charged PVF
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ABSTRACT

After being formed by applying —3~ —6{kV] to the Polyvinyl Fluoride(PVF) film, 30 micron, co-
rona electrets were experimented to measure thermally stimulated current(TSC) in the temperature
range from -100[ ‘C] to 200[C].

As a result, three peaks of 5, @ and 8 were obtained around —40['C], 40['C] and 90[C],
respectively.

Speaking of the origin of these peaks, first of all, # peak is believed to show up by virtue of carbonyl
groups.

Second, « peak seems to turn up by the de trapping of the carriers trapped in main chains and side
chain in the amorphous regions. '

finally, 6 peak looks to be ascribed to the detrapping of the carriers trapped in the amorphous re-

gions, or the border between the amorphous regions and the crystalline.
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20 Models of Possible Trapping Sites in Homo-Charged PVF

1. Introduction

Properties of polymers may well be under-
stood to develop the better ones.

In spite of the fact, there remain lots of char-
acters of them to be understood.

The physical properties of PVF have been
studied by scholars; for example; J.L.Koening"
made an infrared study of PVF in 1966,
Masamitsi Kosaki? studied electrical conduction
of PVF in 1970 and Osaki et al,” reported on
the dielectric properties of PVF in 1971.

However, despite these studies, the more
structual explanation has yet to be made.

Therefore, a proposal was made to elucidate
the origin of corona—charged PVF(homo-
charged Polymers) in this paper.

It is based on the proposal that Periman et al®
made for corona-charged Polyolefin and elec-

tron-bombered Teflon.

2. Experiments.

The specimen used in this study is PVF film
of thickness 30[xm| (the commercial name

Tedler called by dupont co.).

1
|

Its monomer is {9 — C‘I }
H F n

It is reported that its melting point, the first
glass—rubber transition temperature and the sec-
ond are around 203[C], —20[C] and 40{C],
respectively (The physical properties of the speci-
men show on the table 1). Figure 1 shows coro-

na-charge controlling apparatus.

Table 1. Physical properties of PVF

Kinds Numbers Remarks
Melting point 203[(C ]
Specific Gravity 1044
Dielectric Constant 10 1[kHz]
Density 1040[g/cm®]
Boiling Point —-72{C]
Critical temperature | 54.7[C]
Critical Density 0.320[g/cc]
Volume Resitibity . 12[2.Cm] 50[°C]
Tan & 0.2 50[C]
&
z
Specimen Upper Electrode
h ¢
— =

L Low Electrode

MoLgr[DC] 1

Fig. 1. Corona Charge Controlling apparatus.

Electrets were made by applying —3~—6
[kV] to the specimens in a dark room at rolling
speed 3[cm/S] and 0.5{mm] kept the air gap
between the knife electrode and the specimen.

After formed, the electrets were discharged in
air for 15 minutes.

To measure TSC spectra, the electret was
placed in the forced draft oven which was pro-

grammed to increase at rates of 0.5[C/min]~5

~ 100 —



HAA ARerE ] A3W 23 19909 69 21

-3 [kv] | =-eememeeeeens -

10" -4 [kv] | --mmmmeeceecseen
8 5 [kv
B

S

TEMPERATURE [C]

60 -40 -20 0 20 40 60 80 100 110
oz iy T g

TSC[A]
L'&&LO—N#&AU\O\I

: Y

p- { /
1;;} RV

Fig. 2. Dependence of negative corona-electret on
voltage(speed of knife-electrode 3[cm/S],
discharge time 15 [min], air gap 0.5[mm]J,
heating rate 5[ ‘C /min], negative corona
voltage —3~ —6[kV])

[‘C/min].

At this time, the charged side of the electret
was fixed to be contacted with the upper elec-
trode, so that the direction of TSC spectra might
be the same.

The conductive aluminium foil was used for
the electrodes.

Fixed in the oven, the electret was rapidly
quenched to -150[ 'C ] with liquid nitrogen.

And then, the electret was measured to obtain
TSC with increasing temperature at rate of 5

[C/min].

3. Result and Discussion.

1) Dependence of negative corona-electret on
voltage

Figure 2. shows TSC spectra from negative
corona—charged PVF from —3[kV] to —6
[kV].
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Fig. 3. Dependence of negative corona-electret on
discharging time(negative corona voltage
—6[kV], heating rate 5[ 'C/min]

Three peaks turned up around —40[C ], 40
['C1, and 90[ C ] respectively.

Also, they were named 8, « and & from one in
low temperature for convenience’s sake.

2) Dependence of negative corona-electret on
discharging time.

Fig. 3 shows TSC spectra from the electrets,
which were discharged in a dark room for differ-
ent time after being formed by applying —6
[kV] to PVF film.

There were three peaks obtained.

B and « peaks have decreased rapidly, but &
peak slowly, with discharging time.

Both # and & peaks tend to keep the same
temperature scale regardless of discharging
time.

The a peak, however, have a tendency to go
up to a higher temperature scale with discharg-
ing time.

Perlman and associates® have suggested some
possible trapping sites in corona-charged

polyolefins.
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22 Models of Possible Trapping Sites in Homo-Charged PVF

In this paper, possible changes in chemical
structures of corona—charged PVF, which could
serve as trap sites, were proposed as follows.

1. Formation of carbonyl groups(C=0)

Oxygen molecule(O;) in air is impacted and
jonized by the electrons from the negative elec-
trode.

After that, ionized oxygen gets to be deposited
on the surface of the specimen.

Oxygen atom is hard to penetrate into the

specimen because it is heavy and large.

A. End groups.
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B. Formation of (C=0) radical
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Fig. 4. Possible formation of carbonyl groups.

Carbony! groups could be produced as the
result of the chemical reaction of oxygen with
>C=C<, which could exist in PVF’s end
groups, as in figure 4.

In this case, charge release seems to be Initiat-
ed by the motion of the end groups, which starts
blow —20[°C], the first glass—rubber transition
temperature.

Though various models of end groups could
be proposed, two ones are presented in this
paper as follows.

2. Formation of stable anion, fluorine anion,
neutral radical and neutral hydrogen atom.

The second possible changes might occur by
the high energy electrons penetrated into the
polymer.

Collisions of these electrons with molecules
might sever the side chains and the main of mol-
ecules, when the decelerated electrons might
react on the amputated chains to engender ani-
ons, neutral radicals and neutral atoms(Fig 5).

The penetrated electrons would be captured in
proportion to the intensity of the electron affini-
ty.

In this case, the reaction should take place far-
ther inside the polymer, for 1t is what occurs by
the penetrated electrons.

The charge release seems to be initiated by
motions of the side chains and the main around
40[C7, the second glass-rubber transition tem-
perature, contributing to 4 peak(Electron affini-
ty on table 2).

3. Trapping of electrons in cavities or defects.

Some slowed electrons would be trapped in

cavities(structured defects) within the crystal-
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A. Amputation of main chain.

(D Type of “head to tail” (or, Type of “Tail to Head”)

@ Type of “head to tail”
(or, Type of “Tail to Head”)
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Fig. 5. Formation of stable anion, fluorine anion, neutral radical and neutral hydrogen atom.

Table 2.

Blectron affinity.

Li | Be | B C N O F | Ne
10 (15 20| 25|30 | 35

Na | Mg | Al | Si P S Cl | Ar
09 |12 |15 ] 18|21 |25 30 -

line or amorphous regions, or at the crystalline-
amorphous interface(Fig 6).

It seems that charge release starts above the
glass-rubber transition temperature when the
crystalline structure is destroyed.

Meanwhile, K. Schnider et al. and K.Wolf®
studied dynamic young’s modulus of PVF(Fig

B. Amputation of side chain.
@ Amputation of Hydrogen.

)
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¢ Stable -n!u ¥ (Neutral Irydrogen stos

7.

A and «a dispersions were found about —40[
C1 and 40{ C ] respectively.

They reported that # dispersion turned up by
Micro-Brown Motion of main chains, and « dis-
persion by molecular chains in the amorphous
resions at 40[ C ], the second glass-rubber tran-
sition temperature.

These two dispersions are in good accord with
A and « peaks in TSC spectra.

S. Osaki et al. studied dielectric relaxation of
PVF.

lons are to move because chains. in the crys-

talline regions, squirm in high temperature.

2 Amputation of fluorine.
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Fig. 6. Possible Trapping of electrons in cavities(or, dielects).
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24 Models of Possible Trapping Sites in Homo-Charged PVF
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Fig. 7. Temperature dependence of dynamic young's
modulus of PVF.

¢” peak observed at 90[ ‘C] was reported to
result from the shifting of ions, which were pro-
duced by the impurities in the crystalline regions.

Ions are to move because chains, in the cryé—
talline regions, squirm in high temperature.

¢” peak is in good agreement with & peak in
TSC specta.

As a general rule, trapped carriers can’t be
observed by means of dielectric relaxation or dy-
namic young's modulus study. TSC method,
however, makes it possible to discover them.

Taking the fact into consideration, & peak
around 90[ 'C ] seems to show up due to the car-

riers trapped in the crystalline regions.

4, conclusion.

Three peaks were obtained from the electret
formed by applying —3~ —6[kV] to PVF film.

The 8, a and 8 peaks were observed around —

40[°C1, 40[C] and 90[ 'C ], respectively.

To elucidate the origin of these peaks, A peak
seems due to carbonyl groups formed on the sur-
face of the specimen.

a peak 1s believed to result from the
detrapping of the penetrated electrons, which
were trapped in the side chains and the main.

The penetrated electrons would detrap by vir-
tue of the molecular squirmming around the
glass-rubber transition temperature.

S peak appears by the detrapping of the
trapped carriers in defects, which are generally
within the crystalline or the amorphous regions,

or at the crystalline-amorphous interface.

References

1) J.L.Koening; j. polymer science, Part A-2,
(4) 401-313(1966).

2) M.Osaki, H.Ohshima; J. Phys.Soc, Japan,
29, 4, (1970).

3) Osaki, [shida, Uemura; J.Polymer science;
Part A-2, 9, 585-594(1971).

4) R.A.Creswell,M.M.Perlman;
J. Appl. Phys.41, 2365(1970).

5) BINEE; & v, F§E, pp.244-262,
# 37 bt (1980)

6) J.U.LEE; KIEE, 32, 239-246(1983)

(19899 109 259 <)

—104 -



