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Contact Electrification Charge Between High Polymer Films.

Motoh YOSHIDA * -

® B

BT 7ANLEOE—EMICL 2FEEN*EREE~OBEFELHVTHEL 2,
CORREGTF7ANLEOEMEELSBICBIT 2 LABICERALVNVNERICLZLDEEZ S
N, RKELVEEE L TEOWERRMLEEEICL - TEFI D LEPNDL, TNENZLEINESTF
BOBBHERIZORANDEFBHICINBETLILINEEZ 5,

Synopsis

Contact electrification charge between highpolymer films were measured with a metal electrode
in which the charge are prodused by electrostatic induction with single separation of film.
A contact electrifcation series of several commercial highpolymer films was build up from this

results.

It seems from this series that, contact electrification between highpolymers may arise from
difference of surface level between both materials as same in metals, and the surface level are decided

primarily from its chemical structuer of polymers.

From this results, we consider that the contact charging of polymers in this case are arisen from
electron moving which may be treated in the same manner of metals.
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Table 1. Summerly of used highpolymer films.
Maker Trade name Symbol Thickness Chemical structure Note
i) g A m
Asah,iLDZw '7Ltd ga;n/ pVDG 30" (CH, —CCl)n
T -
Asna-hiﬁi}larss Co Ltd Zf;: i PEFs 50 (CH; — CHa)n(CFz —CF2)a
Bayer Macrofol PC, 20 (OCO,CeH,CC,HeCeH,)n  Sol cast.
Fu‘: ljhotz Ko TAC ACG, 120 (CeH, 05 CH, COs ) Sol cast.
;5 L \‘fi;l:n’ PVA, 20 (C.H, — CHOH),
Kuraray Co.,Ltd. oo PVA, 25 (CH,—CH,; —CH,CHOH),
PVDF, 6 (CH; —CF3)a Stretched
N R A KF film
Kureha Chemical PVDF, 240 (CH, —CF3)a
Industry Co. VIICE
Kureham; PVDC, 50 (CH, —CCl,)n Stretched
=% > % > F g; t*l:;" PVC, 160 (CH, — CHCl),
Mitsubishi Monsant _';_’l gl‘ 7
Chem. Ind. Co. Su; rclear PS; 200 (CH, —CHCsHs)n
ot I":F;O";]“’ - PG, 100 (OCO;CeH,CC,HsCeHa)n  Extrusion
EP T R o PE, 50 (CH, —CH,)n
Yukaron
Mitsubishi Petro- =L
chemical Co.,Ltd. Noblen - PP, 25 (CH, —CHCHj3)a Stretched
;is’hil”e"(" 7% pyg, 50 (CH, —CHCl)» Stretched
\t/y;mzo lf v PVC, 80 (CH, — CHCl)» Extruaion
ECT L g‘t‘*le‘)’( 772 ps, 40 (CH, — CHC,Hs)
Mitsubishi Plastic 5); T
Industries Ltd. Dintol PET, 10 (OCH, CH,0COC¢H,CO)  Stretched
g{a; jon "C’ PA, 50 (NHCO(CH, ) ) Nonstretch
= a0 pAer7x pe, 60  (CH,—CH,),
Mitsui Petrochem.
Industries. Ltd. Polypro PP, 70 (CH, —CHCH,)n Stretched
ZEHFEILYIANL N2
P - n
Mitsui Polychem. Co. Mirason £ 50 (CH; —CH.)
;ol;a;f;nyNo PP, 40 (CH, —CHCH)» Nonstretch
L7
— Ha)n
. Torayfan B0 PP 50 (CH, — CHCH,) Stretched
Toray Industries Inc. Polystylen PS, 100 (CH, —CHCsHs)n Stretched
]’fum:er‘ PET, 25 (OCH,CH,OCOC4H,CO)  Stretched
NY-12 PA, 50 (NHCO(CHa)x)n
Ur:;il: tt: g-nﬁ);n: 7 PA, 30 (NHCO(CH:)x)n Stretched
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Table 2 Example of measured potentials. (unit: Volt)

Sample  NC M PC, PA, PP, PS, PVC,  PE PEF,

PEF, 2.4 19.6 23.7 14.6 8.3 60.4 14.5 14.8
PEF, 0.9 3.1 12.0 4.8 0.0 -3.3 03 -17 —68.4
PEF, 7.0 18.6 30.3 19.2 13.1 -15 124 138 -81.2
PEF, 13 4.5 14.2 8.2 1.6 -35 0.3 11 —83.8
PVDF, 15 15.5 24.3 113 3.2 -75 7.6 1.6 —101.4
PVDF, 2.6 43 16.5 5.7 2.4 -69  —25 0.3 —85.4
PVC, 4.2 6.2 15.8 7.1 1.9 —4.4 3.4 ~79.0
PVC, 1.2 2.8 13.8 65  —05 -16 1.4 1.7 —80.4
PVC, 2.3 6.5 223 8.1 4.3 -69  —0.4 3.5 —98.2
PVDC, 1.0 2.6 18.0 56  —16 -9.4  -37 -13  -107.6
PVDC, 2.0 2.3 17.9 35 -1l -85  —42 —-17  -110
PVDC, 3.3 5.0 20.6 6.3 0.7 -76  —14 —08  —1014
PE, 4.0 13.8 25.9 18.6 110 2.6 6.1 —86.0
PE, 8.6 13.4 25.8 120 100 3.1 57 103 ~79.6
PE, 3.2 10.3 23.4 9.8 9.0 -2.1 4.8 6.4 —80.2
PE, 8.8 14.7 25.1 16.1 11.0 -3.2 2.9 8.4 —85.2
PP, 1.4 3.9 15.7 5.3 -62  —22 —03 —91.2
PP, 1.6 4.3 16.8 6.0 0.3 -56  —33  —05 -92.6
PP, 2.5 7.3 19.2 9.1 4.3 0.0 0.4 4.9 -91.0
PP, 2.3 7.4 16.3 8.8 1.8 ~5.5 0.8 0.8 —89.2
PP; 0.2 1.0 13.6 31 —06 60  -28 -—32 —90.6
PP, 2.4 5.6 19.6 6.1 2.5 44 —06 25  —834
PS, 1.9 2.3 14.0 4.4 0.5 -20  —02 -91.0
PS, 2.7 5.8 18.1 5.3 1.6 -78  -13 13 —104.2
PS, 0.0 —05 12.0 28  -29 -83  -34 -35 —89.2
PET, 2.2 3.0 16.1 6.9 0.5 -80 -16 0.5 —87.4
PET, 3.6 6.9 19.7 7.0 3.0 -6.8 1.2 2.5 -92.8
PVA, 06 1.4 14.9 23 —50 -10 -26 -51  —110.8
PVA, -0l 1.6 14.0 35 —32 -95  —50 -39  —105.2
PC, -13  -14 1.3 —42 —-11.7  —42  -58  —109.2
PC, -10  -13 1.8  -13 =51 -121  -56 —48  —1054
PC, 0.6 —13 14.0 39 -19 -89  —44 —24 ~99.8
PA, -1.0 -0.7 14.7 —-4.9 —13.1 —57  —42 —113.4
PA, -0.8  —09 11.0 20  —43 -123  -44 66 —99.4
PA, -0.6  —02 17.0 31 -4l -126  —48 —41  —126.6
PA, -13  —04 12.2 18 —49 -87  —46  -27  —100.4
AC, 1.0 1.4 12.6 27 -28 -81  —34 -24 ~95.4
AC, 0.3 0.2 17.8 21 -26 -20  —1146

2 70.4 188.6 663.2 246.4 41.0 —139.4 —15.0 32.1 —3567.4



72 EABMTESSFEMNYRLESE 65

£EH L QFICHE L FHEL- B AN &
VI ERETHIC b7 A4tk L TEERS
ROPBTHUEHE»E LD TEHBOFEHES
Lo THIEMBE L7,

KICHBDOWAHREEZ M -HIFEMIC L 5
BREE*# T -7 ZNBICIIHEERLICE
Z1mNHETE-TERISmN) > 7% EX,
ORI RRER M I TRHET 5, ZOFHE
THE LN EMIAREOD L LHLH>TWS
BRMICL 2HEFECERLECRELZDNOTH
5, LM ENEMEFBE L 22 LiCk b,
ZOBEDL &R L NEMEFERRE, HBR74 04
THROBZ FI A LR 6 EICEYBIEL, ZNF
% R 2 DEN NC OWICEEA L NC & M
FENTRS E, NCIE/IE KRR M |28~
HEHD T, M3 ERERE nHEfic &
NEELLZERMEZEZL TL W,

2) 7ANLBOBEMEE,

CREBLICHB7ANVLZMT LI L TH
MEBLMETEIZLEBR1ING)TEGNPD L9
7 ANLEOBMEEZRET L2 LIk D,
EBICZDBIE#ITY » TV 3R 2 DOREED
boZEizRfFT,

FOF—IFR2ICHET S & &, BEBRAC
B B & DB T L 2 HE IR T A Lo
WCHELZEICEINVEETLZETH S,

F BT AN LI & - TIEE DY
BI2E D, RoRBIOBIERBIEGIC FEH T B RE
Wk WCEEPH DL ETHDE, ZND22LLH
FBICTen IR 2 BT R 13T TH
%% FNEUEMERNY Z(NREET LI L
IIHEEICARTRL DT, RKOMELTLHIZ &
I2& Y &R & oBpiRE & F— 4 REREBR TRE
L7z

F—DRBEICT AR E LT, BlEmaEicR
HENREIEF2EL TRIET 5, JHIS L AT
DEMC L 2EBMAOFENHBEBIEIFTEL L NF
HERLZEICENITHEINS,

KICHZFBHOMBETH 55, ZhdF—nF
BETAELEREEECHINTRE EXRECH
BLTITDDD DD, ZDFHE L > 12fE% 2,
3OREW 7 A NLIZOWTR2IZRT, Bl2E
PCizowWTldekickELZENE.RRL, X
PERIZDWTIIKRELANEER 52 Twb, I
IZFBT7 A o ETRke L2 1TH ) EFEL
ZBADRBIOREREICHELELTICE -
Tz EictkabnEEZLNE, ZOMIEIC

BEANEz #EL ZNEFEITL 72,

ZFNEER—7 AV ABIcBW R L ER LR
MZHBDIED LEMFEETERIREL v,
L7258 TREl—7 4 WL THORIE TERTHYE &
NTWBDIF—FDEILBIEERMD 7 4 )L 208
HELTWAI LIS, 2BFEEMCLIZLNESE
25, -oTE2DHTR—7 ANV LRENHE
ML |MoBEIINB7 A LAl BT 2 EM
BRICLB2LNTHDBEEZ D, HHAM 7L
LDBFEICBWTHLINERBOZEHER »N
boTwain: LT, FREHEL) ZNEELE
Blnz b DEETANLBOBEOBEMEEICL B
HEB2522b0ET 5,

LHZDE L THIEL ZEIZDWT, TT
DI T A N LIZDOWT, HEHEIERF % 48 Tl
P2 TATH 2ED T e KR 3 ICTRT,

HME7 A4 VLB WE - R REHENEIR 2 2
TlRRENT, ZORTHIMLEICH 518, #lziE
Tk Teak Tl, HEIZ7 4 NV Lh5E0BRIC
UoTnbDTHEh b Tae=—TeaD R TER
Ttk biwv, %3 2R3 EAKREIIZA
THBICEL TIFRA Y ($995%) —EL T3
ZENS D, KREZIZOWTIEMEE I RBEMIC
Lo GEI LN RL—HEL T E (fEhic
LU 60%HIVy) E2 b b, XETFIE L3k
N2BKRELEE L-TWBEAL»RLNE, &
INEHELD LIS, AB 74 N LBOBEMEE
BELT QuZ2RDEIICED D,

Que= | Tas | + | TBAl

XNAB7ANLOBOEEHESDT7TANLC %
F-57T

QAB = QAC + QCB

DMEBEHSKD SLOPE I ERNTRE, ZD
BRAIZETANLOEMEER Qur L 72,
ZNEERDERE—HTEZ LT D, BIC
—f & LT nkbA#Ic PEPGEINOEERIC
DWTHEE T A VL E - TmEEEFANZD
DEILLIZD, KE—HLTWBERLNE, &
ZDOERDEINIELBICEDH 72 L D THERDIALL
PELLTVBRLDOTI TV, -TZZTHES
NP7 A o - TE- HERNTFHME
M%KHTZNEELDTIND2DONDT7 4 L LFH
DEMFEENMEEL L, ZoEEFEHICE Y ET7A
NLEENTRZERMINLHI2% ), KRB
DI EBEZED D Z EHHFKDE, ZOHEMNMIE



73

BAF 74N LBOHEEEHE

PEF,
PE,
PEF,
PE,
PE,

PVDF,
PP,

PVC,
PP,

PVC,
PEF,
PET,

PVIC,
PP,
PP,
Ps,
Ps;
PVDC,
PA,
AC,
PYA,
PA,
PA,

.

BlRIERIEIERIS|RREE SR

o
3
(=2

&2 82|

ElelElmlelzlzizl

o]
=

RIglsIRE]E Sle s o &

2z |8 e |3 2 |2 |

)
wn

PEF,

40

ERENEREY

EAEN S

518
a IS

—_
2
=

2518 |5 = |

s 8 88

IR IRIGIRIRISIKISILIRNIN|-RIF o =

I8 |8

®—3 EMHFER (BA20.1V, THRIZAELM)

Contact electrification charge. (unit;0.1 V. under line;negative.)

Table 3.
PVDF, PVDF,
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69 60
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PS, PVDC, PA,
91 466 118
115 102 92
83 207 164
47 117 158
52 67 70
40 4 &
55 24 29
50 23 60
40 51 43
31 62 63
37 49 53
40 5 20
35 36 42
3 7 %
# 0 B
11 31 32
8 18 25
13 19 16
0 5 0
o0 7
£ 1 0
403 1
®» 3 5
g o2 3
» 8 8
AN TR
R ou 8
407 1320 1155

PVA, PA,
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0 4
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Table 4. The value of contact electrification between each film.

PEF, PE, PEF, PE, PE, PVDF, PVDF, PP, PVC, PP, PVC, PEF, PET, PS, PVDC, PP, PP, PS, PS, PVDC, PA, AC, PVA, PA, PA, , PC, PE,
0 382 50 351 633 469 M9 40 370 4% 54 288 471 553 578 419 440 1033 4% 1018 694 55 143 785 603 630 745 Pé:z
0 R 12 87 183 2 66 % 130 160 13 15 169 101 152 2001 167 20 177 178 143 00 29 28 23 23 23
0 5 65 263 109 102 158 111 19 136 28 286 29 41 214 118 185 382 40 201 3% 312 284 38 305 M3
0 46 145 137 141 119 13 9 171 151 12 138 170 215 204 181 233 29 252 32 82 27 B4 25 307
[ & 63 68 12 13 1% 2 79 108 155 148 120 146 154 191 219 216 241 1% 20 22 39
0 23 178 215 180 174 153 142 166 230 29 201 179 29 21 313 306 21 244 24 401 264 47
0 93 70 81 188 107 80 74 73 18 105 61 116 B 9 57 79 188 112 120 142 24
0 6 66 76 4 46 89 5% 84 48 5 17 46 106 88 98 141U & 111 177
0 % 3 4 29 3 60 3 51 60 8l 100 107 97 105 98 115 126 22
N 8] 57 18 40 45 54 % % 8 15 14 145 169 18 136 149 279
0 19 2 21 21 49 67 13 67 5 7 8 101 8 13 1M 17 27
[ 1 58 60 106 3 23 7 67 124 12 142 12 15 8 12 5
0 3 54 67 5% % 6l 89 % 9 16 101 U3 U1 26
0 15 23 2 7 19 H 67 60 5 6 69 76 4 23
0 6 2 2 %9 5 58 49 21 48 59 106 % 177
0 32 2 2 60 52 3% 3 5 60 74 52 24
0 23 % % 7 66 9 6 8 71 86 287
0 19 210 3 67 6 8 55 7 24
0 2 62 2 5N & B 2 8 233
0 2% 32 U 47 49 67 77 24
0 11 15 3 41 37 7B 253
0 8 3 2 7 15 158
0 11 19 2% 2%
0 13 92 63 272
0 17 12 25
0 24 A7
0
M=253
P P P PPPP PP C P AP P
v
E D E EV D v
F E F PFTc psC ACA C
| | HrmH | h
| l m | T
31 2 3 2 L 42 123 ) 12123 2 | 1132 2
—00—0 -O- —O- 0——O0- OQOO—0——-0—®-00-00
300 250 200 150 100 50 0
X3 #HEHEER
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