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Stability of Surface Charge on Sterilized Polymer Electrets

T. TAKAMATSU,* 5. KAYAMA* and E. FUKADA*

(Received December 14, 1977)

The stability of surface charge on polytetrafluoroethylene electret films with a thickness of
13 pm or 50 pm was investigated. Some films were polarized by applying d.c. electric field at
150°C, and others were polarized by using corona charging. The variation of residual surface
charge with time and thermally stimulated current in these electrets were measured. Stability
tests were carried out by the following procedures: (1) kept in a high vacuum chamber
(10-°*mm Hg), (2) immersed into water, ethyl alcohol or hibitane solution (0,02% wt/V),
(3) annealed at various temperatures, (4) sterilized in boiling water, or (5) sterilized by
ethylene-oxide gas. The decay of surface charge was very small when the electrets were kept
in the high vacuum, or exposed to steam-saturated atmosphere for a long time. But, the
decay of surface charge was rapid when the electrets were soaked in water, ethyl alcohol, ‘
boiling water or hibitane solution. The direction of the depolarization current in the '
thermoelectrets was reversed at about 130°C and the current showed a peak at about 180°C.
Most part of depolarization charge appearing below 130°C vanished when the electrets were
soaked in water, alcohol, boiling water or hibitane solution. But the amount of depolarization
charge appearing above 130°C was not influenced by the above treatments. It was found that
the surface charge was hardly changed when the electret was sterilized by ethylene-oxide gas. {
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Fig. 1 Relation between surface charge density
(s9) and polarizing electric field (Ep) in
PTFE films. The polarizing temperature
(T'p) is 150°C and the thickness of the film
is 50 pgm.
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Fig. 2 Time dependence of ¢ on thermoelectrets,
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Table 1 Charge stability of electrets after being kept for 20 min. (in a vacuum chamber
(~10-*mmHg) at room temperature)
. Poling condition Surface charge density
Thickness
poled by d.c. field before after after
(pm] in CCl, solution treatment treatment(1)* ay/ae treatment (2)** a2/ 0
7o[C/ecm?) 0,(C/em?} (%] 03[C/em?} (%]
13 Ep=1.5X10V/cm +1.1x10-8 +9.2x10-2 84 4+9.2X10"9 84
tp=170 min —~1.0%x10"8 —9.2X10"? 92 —9.0x10-* 90
13 Ep=7x105V/cm +3.0x10-9 +3.0x10-° 100 +3.0x10-* ‘100
tp=90 min ~2.3X10"? —2.3X10-? 100 —2,3x107° 100
Poled by
corona charging
13 V=10kV +1.4x10-8 +1.1x10-8 79 +1.0x10-8 72
tp=30s —1.3x10-8 —1.1x10-¢ 85 —9.3x10-* 72

* One side of the electret surface was contacted with an aluminum foil and the other side was open.
** Both sides of the electret surface were open for both cases.
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Fig. 3 Time dependence of ¢ on the electret
polarized in CCl, solution, The thickness
of the film is 13 pm and Ep is 1 X106V /cm.
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Fig. 5 Temperature dependence of ¢/0, on ther-
moelectrets. (The thickness of the film is
50 pym)
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Fig. 6 Time dependence of ¢ on corona-charged
films when the films were kept in steam-
saturated atmosphere.
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Table 2 Charge stability of electrets sterilized in ethylene oxide gas.
Surface charge Surface charge
Thickness Poling density before density after afoy
[pm] condition sterilization sterilization (%]
o4[C/em?] g[C/cm?2])
13 Poled in CCl,
solution
Ep=1%10°V/cm +2.4x10-8 4+1.9x10-8 80
Tp=R.T. —2.2%10"8 —2.0%x10-%8 91
50 Poled in air
Ep=4%x105V/cm +7.9%10-° +6.4x10-9 81
Tp=2150°C —6.5x10-° —6.0X10-* 92
50 Poled in air
Ep=1X10%V/cm +1.9X10-8 +1.7x10-8 90
Tp=150°C —1.9%10-8 —1.7%x10-8 90
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Table 3 Charge stability of electrets, soaked into water, boiling water or hibitane solution.
(The thickness of the electret film was 13 ¢m)

Poling Surface charge Time of Surface charge a/ay

condition before treatment Treatment soakage after treatment (%]
ao[C/ecm2] {min] a{C/em?)

Poled by +9.0%X10-° Soaked into 10 +4.0x10-1° 4.4

corona charging —9.3%10° water at R.T. 3. 7%10-10 4.0

Poled by +7.0x10-° Soaked into 10 +1.5%x19-1° 2.1

corona charging —7.0%10-9 boiling water —1.5%10-10 2.1

Poled by d.c.

field in air

Ep=8x%105V/cm +2.4X10"8 hoaked into 20 7% 10-10 2.9

Tp=150°C —2.4%X10"8 Sibitane solution —4 %1010 1.7
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BEBRCHRL-RERERN L 05 X« CEoB/RS
e BE LT <. MofEiE, 130°C Ll EoEiR cllb
NAERT, HENATE s 7y 7ShicBRTH 5.
Zh o % &, EEERCHRET BN L 05D
FEEEA R DT L, AR & S bk T
5 & CRIFTAOBERHIE S,

#he vy by PEK, TAa—AReET vRREE
Vb LSBT, R RREONEIC F Ty S RT
BRI MEET 0, AP 2y S EREBRITE
LAEBROBAIRE big WO TCHRBEFETDH 0D




RY=—=17 b vy t ORMENICHT 5 HHAROBE (B - Bl - BH)

EEZ RS,

W BREIR (Ja) ORBERMREE DM (1/T) ©it
LCFry M3hIE, In {a=C—4E/ET OBGRI b
AAVEFTy TORE (4E) pikH B 5™, s C
R, kR Y = VERTH B, 130°C Lo
o, ok 4E Offik 2eV LLEThH D
FT oy TR LA B,

H PTFE =v 2 by b7 44 a% EO A
TRELEL72b L OBMRFE OIS 2 1R L.
=V 7 vy b 2BBCRET, REAE LTS, B
WIS MR OMED 80% Ll EMREFE SR T W5 DT,
=V Z by F ORMEHLEEIR S & HFy
fFlediid E. 0. & on A MBI BL A TR
Fzbh3.

ThETORERI=V 2 b vy F OFBYFRRET
FHBHRICS b Lk s FOBBORERCET 230
ThHHM, BIE, BV~—7 s L ADOKTERES L b
ODOF=VZ b vy b Efdar FHB LES DO
THBZEHSC ST 2BHREL LbNTW5, $i,
BFRBH Lic=1v 2 b vy F OBREER IR LT
W5,

5. # [

PDLEOBEREYZ LB RO 510k b,

(1) PTFE 7 4 Va2 v FHET 50, SR CHERK
DEBELELAMTEBLT=V 2 b vy b ofFote. &
M HORMBERL, FHCRIECEEZEH (10 mmHg)
FHRELTLHE VMERTRETH - 1.

@) =erfELL=V2 vy F OREERIL70°C
B EDORETRENRE 22, #mL 2 b vy b 0B4
%, 110°C DL ECHEEnRE 5. Zhdbx, #ieer s b
Vo b 100°C s Rl B R AT 5 o L i QB
BAUETS - ENTES.

@) =Vv7 vyt OXFEBRMIHRE 100% 0
MRS B ATER S B2, KA BT 2 & &5k
CIRET 5.

@) =v2hry b OEHEHI=FALT A -1
e ET VHBRCET S & SECRET . FoBER
BOEEL, Tra—aA>e€©F YE>K, OMECK -
T3,

(5) =v2z vy D TSC gL, 130°C LIFOE

275 (53)

B e, D EOBERIR TH Y RicT 5 HAoBES
DBBbihD. MHEOKHEWREL, =v 27t vy bR,
TR ET VRERE Ld & T NkT
2, BRI COBRBENEL, ShboMEK X - Tit
HE VR TBEIRTWS,

6 =v7rvy ) ORBHEWL E. 0. ¥ AP R
BB LTHiE A K HERTICBERI RS 2 & 28305
bhis.
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