J. Inst. Electrostat. Jpn.

] 3

HMESFAEE 39,5 (2015) 216-220

T4 DEST-T7 4 L OB 25

—HENRKBAET N E W ToRE -

HA ET, L SEIRT, P

—", RE JHE

(20154E3 HSH A 5 20154E8 H 19 H <31

Investigation of Triboelectric Charging Behaviors of
Some Polymer films Using Charged-Water Penetration Model
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Triboelectrification behaviors of polystyrene, polycarbonate, polyester, and polymethylmethacrylate films were investigated in

contact with iron carrier beads. The films showed a large humidity-dependent charging behavior. The charge amount increases
with the ambient humidity in the range of 5%RH to ca. 60%RH. This dependence is explained in terms of the model based
on the water charging during the friction and its penetration into the film. In addition, the amounts of the charged water in the

films were estimated by removing it in vacuum during the frictional electrification experiments. The estimation revealed that

the higher the hydrophilicity of film becomes, the larger the amount of the charged water in the film. However, it was also

found that the charged water is more difficult to remove by evacuation as the hydrophilicity of the film increases.
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Fig. 1 Apparatus for the triboelectric charging measurements.

32 M#

AW TIE, BENLFERGT CRICHETLS 71V
NIROB G TMEE LT, R)AFL Y (LLFPS, FH
SGTE20 X 10, ARFY AFL oAL#), R) A5
(LUF PES, 32078 1.7 x 10, B Vylon200),
R —HKA—b (LUFPC, FH55F& 6.5 % 10°, FFA
BNV IA4 M) RUORY A7) VEEAF IV (LIF
PMMA, F345 T 3.5 X 10', Aldrich #1:8) %L 7.
INLOEFFEHCTEHEREERL, 7TrVI=rak

TR (HA WHEL)

217 (45)

WEICAE Y= A2 81250, BEE 10 um DFES
F74NV A B BER, REHIZBWWT 1 RH
T 52 LI K VR E T o7, BIREHZRO 7 4V A
BHETHELTEBY, BERICL2EMBEIHEL NIT
FUREMEA D B 2 &2 S BT IR D 72 D BMLEL A 4T 9 A
Bhh Db, REERTIE, BRE - RREEREOHNT 60
ClfR7e N7 aE R RS C 3 FEf O BLE 2 i L,
FERICHREIN L ERER L. 2B, HinHNOR
FEIX 7T~8%RH IR T A, &ET Y 7TE— X
BT S NI EERROB F v )T O35 =T
v 7 FHE T-80, FHPHILE 8O um) EEAH L7

4. BDFT 1 IV LOEEEEEE

BikicBWT"Y, PES 74 VA LB Fr ) 7E—X
& DT EFERR A AT o 7B, SAIEAIZE L 7R
JBRGFFHAEZ EZ2ICG] &, REBEMATABIIHAT 5
ZEDHERR SN LT, KBAETLV IZBWT,
TAIWVANEAT S & SNDIEHEADPELEGZI2L -
THiEE L 72720 EAET 5 &, ERLERRBEMOBD DD
FCHWATE L ZLDIRENT. 22T, Kif3E T,
ORI 5w E MET S 5 HIT, hoss T
T ANV hE BRI T o 72,

B212, 32 TR 4MEOFSF 7 14 VA &gk
WY ) T REBBEIEO, 74 VA KEEM (V)
LR (1) OBRERT. 28— Fa b, c HUd I,
ZNZILPS, PES, PC [t U PMMA % W74 D Vet 7
Oy b ThY, WINOBED =30 min (2B THEE
AR L72E EF v N NOHFR AR L7, Lo
Oy bOWED, BEHEOEESEFEBRYEHL, &b
MR TH HEREFR L7, WTNOEST b B
BHMGHRIIBEICTLS B2, ffl$ 5 & v RN 72
PRSI K2 R L7, 72, HERIC L DR EH O
SRR B SN, FEERRE L &b ICRAEMN AT
FERIAI$ B A A EIE S 7.

B3 12, PRRERTORMERENY (V) EHEREO
FIMIRMIEN (Vi) %, PERETOMREDMEIZR LT
Oy LD D%ERT. /8—=Dba b c KL, The
1L PS, PES, PC L U PMMA % W /265 070y hTH
. Va lZEHT 2L, WIFhossFbERE Il
WEREPRKELL D), FHERKBATTIVICHE) MR L 2
o7z F Ve \EET L E, BEICT A IKERIE
WIENDOEG T EHCEED, Ve OWRERFEL D
bhEL otz

B[ XL o T 74 VADORMERESEMIIKT T
HETWVIZODOWTIEHLUTOL)ICEZ WL Thbb,



218 (46) HESSERRE H39% £5%5 (2015)
a e a o , , , , ,
° —
ﬁ. OOO S
o [0 et
a 0003333000, s e
-10f A See 2 -0} . . i
o ALlpanal 2 o
< AAA O invacuum Q
< ® 6.0% S 201 1
" 9 O A 22% H g
A 34% =
o [z [ ]
0 54% _
o - -30F at o
a po900000 Q
-30 F nﬂnnnn 4 g Vs.stz
0 10 20 30 40 50 60 70 80 5 -40 L L L L .
t (min) 0 10 20 30 40 50 60
Relative humidity (%)
b orr——7—"—"— b o , , , , ,
) o Z -0} .
N :°00 00000000 | £ ° ]
ol 000000 | % _sol ° . satf| ]
S‘ Py 0 o sat:
> ol e ........O §
) 00000000 ,AAAALAA € or . 1
2A a o 10% @ 60 - ]
80} SAAAAAAAA ® 2% - o o .
=70 4
A 50% ©
_1 00 1 n 1 n 1 n 1 n 1 n 1 " 1 " 1 " 1 % _80 N . L L L 9 7
0 10 20 30 40' 50 60 70 80 n 0 10 20 30 20 50 60
t (min) Relative humidity (%)
C T T T T T T T T T C 0
0 00000000000000000000000000) N ' ' ' ' '
000000000 < ol ® ]
00000 ] satl|
o 0% AQRARRRRY 4 £ 0l ° ® Vg ]
(o]
666 .....I.. < ° ° [ ]
< -0t ﬁﬁ L | o -30r 1
N AAAAAAﬁﬁﬁ .l. O invacuum S a0l ° i
> a ® 49% €
60 - .“eﬁﬁﬁﬁﬁg' A 15% 2 5] ° 1
s A 26% S o o
0 39% +
80 . 45% < 6oy ° 1
P S S % 70 . . . . .
0 10 20 30 40 50 60 70 &0 2] 0 10 20 30 40 50 60
t (min) Relative Humidity (%)
d d o
U OOOOOOOOOOOOOOOOOOOOOOOOOG s
Z 20 Vsaz/
©
) = o e V
40k Q““'.‘ € _s0l satz |
a, VY s S ol o o ]
S 80l SAAAAnNAT LA o® 1 3
N ‘M‘ nn o -80f+ o L4 B
> o . €
o O invacuum 2 o
-120+ 0O o ® 56% g =100 |- g
ppooo0o0gpo0 A 16% E
A 28% @ -120| ]
-160 F 0O 45% B 2 o
1 1 1 1 1 1 1 1 1 o _140 1 1 1 1 1
0 10 20 30 40 50 60 70 80 n 0 10 20 30 40 50 60
t (min) Relative Humidity (%)

2 BEZERROE A OWETTOESTF7 4 Vs (BEE 10 3 BHRFMALKT (O, V) RUEZEF (@, Vi) THD
um) EEE Y )T (T-80) & OEEFETH LI NBMEA D7 4V 4 (B 10 um) O RSFIK
%7 4 )V AOFREEN (Vo) SRR (1) ORR AL L AR (BRFIAST CaE LzimE) o
a, PS; b, PC; ¢, PES; d, PMMA. F % ¥ N—PEOHEL, % : a, PS; b, PC; ¢, PES; d, PMMA.
Fr=3070& XRMG L7, Fig.3 Humidity dependence of saturated surface potential

Fig.2 Triboelectric charging behaviors of polymer films (1 um measured in a nitrogen atmosphere (V..) and in vacuum

thick) when charged with iron carrier beads under various (Vo) for various polymer films: a, PS; b, PC; c, PES; d,
humidity conditions and in vacuum: a, PS; b, PC; ¢, PES; PMMA.

d, PMMA. The internal space of the chamber was
evacuated by vacuum pump at a time of 30 min.
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Fig. 5 Relationship between humidity dependence and water
contact angle for the polymer films employed.
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