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Thermally stimulated current (TSC) was measured in a temperature range of 20 to 180°C
for polystyrene films rubbed by nylon 6 films at 30 and 97°C. Complicated TSC curves were
obtained. There was no effect of rubbing on the TSC above 140°C. A large peak appeared
between 100 and 120°C in each TSC curve was related to the microbrownian motion of segments
of polymer chains. An apparent activation energy for this TSC process corresponded to that
for viscoelastic and dielectric « dispersion of polystyrene. The peak temperature shifted to a
higher temperature region and the activation energy increased with increasing number of
rubbings. Other fine peaks observed in the same temperature range were closely connected
with molecular chain scission and/or production of local strain in the surface layer of the
flm. In many cases, negative TSC was observed for the film rubbed at 30°C and positive TSC
for the film rubbed at 97°C. The difference in sign of TSC may arise from the difference in
charge distribution in the surface layer between the films rubbed at 30 and 97°C: at about
the glass transition temperature of the sample the microbrownian motion of polymer segments
is very active and the charge generated on the surface in the frictional electrification process
is transported into the surface layer with the migration of polymer segments inside the film
by the thermal motion. On the contrary, at the low temperature the thermal motion is frozen
and the transport of the surface charge is very scarce. It was considered that this type of
thermal motion at the interface contributes significantly to the frictional electrification. A

FFIN T, Lrl, 2WEHMOEOB, B
OBEE IET HER & U WEET TON T 0 BE
WHrEECh D EELBRD.

PhbILo R ETRY ~—7 A A EH L OB

L L ®

A2 Y~ — O EEBHTE BLGU BT B R A  TEAE T
5. chboPigEnkETix, 2WEORTRBE &

U 5 BB RS R B ESEE & S B TE B I R T
WER, 2WEOEE (Bihals) CTonToRERL

* Nk A B (386 LETHEE 8-15-1)
Department of Mechanical Engineering, Faculty

. of Textile Science and Technology, Shinshu
University, 3-15-1, Tokida, Ueda 386, Japan

WML, BESHIERERC OWTII, #Y ~—3H
w72V DREGEB) X DRI UAHCHFHED
KEWCHFLT HHT L BT 5 2 & EEHEOFAR
Th D EEZIIY. EEERICNT TR OF 5%
X HITEDD BT, BRI OHERENE, D T
70, BEBREOWH OB OREEHL L HEHR




50 HEAERE
Thb. BEEREEN 2WEHEOBEL WS IFEARTE
THHBRKISTH S LoE LT, BEGEIER
7 (D)) W X ARE COWEE (DT ou) SFkKmH
BBNEAN 7 CORPFINE GFRAEZE D) It
El X Y R&infpe 505 L Bbh 5.
COWECITHELEBTCEBELLRY) v —7 4L AD
BB (TSC) 2WEL, BERBTO7 4L AR
i, ~3A 7 OIRFBZEL & B OB OBYFR, RMER O
7 AN ARBADRAL ST 7 2 v+ OBGEE) & DB
FRiE E oW CBI I B R H 1T\, BEHE O 2 7
=RALEELZD D 2 TO—EREE.

2 2 B A &

R1EeRY)~—7 4 L ADEEERR IO TSC fllE
WEOBIEE R Uk, MERE LREHEEC AR TS
b, BEEEECY o v A ORISR SR S EE
BTE5-0 b ERERS BB L. Thbb, BHE
50mm, BX 60mm ODARAFVVAAF~AHlOwr —F
AR~ 405 (R—R) ZEXOITEEL, FO
FeEHB AV =~7 4 A (<L 30X130mm) A
filifg 90° THF, XAt D—Wihk R~ Fuale, iy
MBBWCESETS. v — 5% — &% TREOF A AR
S (MEAMEE 21mm/s), <~ b, R — AR CREELIT
7oy, L b7 g v AT BRI A RS LB
W%, —EWETF, PHERECHERR (v~ 0
nBRA ERER 7 &35) BRLLESLV 7 41480
BEEIRSY (BN X o CUXIEBEEMRS) #HERE 22mm
OB vy, KEBRMERET LDE=F1T
VA — AR BE L (5 M), BE 74 2~ AR R
®, WMot 4 v AR EEESBRE O A F
{ LS WHER 20mm OIEMICIL 3T, EhCIiE <4
ZrA—F~y FOBERE V vHHEFTR S X D —E
MEATFR I M D ERTES. R TREHEE %
6°C/min CHEHHE X%, TSC a7 vi—x (X

thermostat

micrometer
belt er

load cell+ 5

pico-ammeter

recorder

spring

sarriple-

B 1 EBEBEE (B) ®IOWEEER (F)
Fig. 1 Friction apparatus (left) and measuring
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Fig. 2 TSC of polystyrene films rubbed at 30°C under W=490 mN.
Rubbing numbers (%), a:0, b:50, c:100, d:150, e:200, f:250, g:300, h:350, i:400.
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Table 1 Peak temperatures and signs of TSC for polystyrene films rubbed at 30°C.

Rubbing numbers

(Sign of TSC) Peak temperature (°C)

(4+)120  (—=)160 (+)173

(—=)124  (4)158

(=)120  (+)158
(—)109, (+)113  (+)121 (=)161 (+)170

0 (+)102*
50 (—) 90  (—)106*
100 (=) 90 (—)105*
150 (+) 92 (+)104*
200 (=) 92 (-)104, (—)106%,
250 (+) 96 (+)104*
300 (=) 93 (—)102
350
400 (=) 94 (=)103  (—)106,

(—=)108, (—)109, (—)112 (+)123 (+)164

(-++)110 (+)118  (—)157  (+)168
(=)108, (—)110* (+)124  (—=)157 (4)169
(—=)108, (—)110% (—)113 (—)121 (+)172
(—)108*%, (-)110 (+)123  (+)159

* « peak temperature
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Fig. 3 TSC of polystyrene films rubbed at 97°C under W=294mN (Abscissa is shifted for curves ¢ and f).
Rubbing numbers (#), a:0, b:50, c:100, d:150, e:200, f:250, g:350, h:400.
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Fig. 4 TSC ‘of polstyrene films after the surface
destruction by ‘an abrasive paper and after
applying DC voltage (Abscissa is shifted for
curves b, c and d).
a 150 rubbings with 400 SiC paper, c:100 rubbings,
b : TSC of samples obtained by applying the voltage
of 56 kV/cm at 98°C after the measurements of TSC
of a, ¢ and d, d:TSC of virgin film applied 56 kV/
cm of voltage at 98°C.
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Table 2 Peak temperatures and signs of TSC for polystyrene films rubbed at 97°C.

Rubbing numbers

(Sign of TSC) Peak temperature (°C)

0 (4)102* (+)120 (—)160 (+)173
50 (+)102% (+)106, (+)108 (+)118 (—)153 (+)1711
100 (+)100* (+)103, (+)106, (+)109 (4+)119 (+)156 (+)167
150 (+)102* (—)104, (~)106, (4)109 (+)121 (+)161 (+)172
200 (+) 102+ (+)105, (+)108 (+)120 (+)158 (+)170
250 (—)103 (—)105, (—)106* (+)120 (+)163 (+)172
300 — — — — —
350 (—)104* (=)107 (4+)159

400 (+)103* (+)107, (+)110 (+)120 (—)150 (+)173

* « peak temperature
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Table 3 « peak temperature of TSC for films at
rubbed part (a), load cell side part (b) and
load side part (c) of a belt.

Rubbing @ peak temperature of TSC(°C)

numbers (a) (b) ()
Pilms 100 105 99 103
rubbed 300 110 98 103
at 30°C 400 108 98 99
A 50 102 100 100
Films 250 103 102 9
’“hbid 350 104 99 97
at 97°C 400 103 100 97
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Table 4 Activation energy for a peak.

Activation energy (kJ/mol)
Films rubbed Films rubbed

Rubbing numbers

at 30°C at 97°C

50 202 139
100 252 252
150 130 193
200 328 458
250 109 307
300 —_ —
350 336 487
400 256 454
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Fig. 5 Schematic expression of molecular motion of
polymer segments in surface layer and migration
of surface charge.
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