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‘ Elimination of Static El_ectric.ity by Use.
of Electrically Conductive Fiber*

Yasuyuki TABATA*¥

) Wlth the w1despread acceptance of synthetic fiber, Wthh absorbs relatively little moisture even at
hlgh humidity, the problems and dangers of static electricity have been greatly increased. Especially,
the discharge of static electricity can take the form of a spark, quite often an energetic spark.
If the spark discharge should occur in an explosive atmosphere, disastrous consequences could follow.
'Safe methods for eliminating static electricify havevbeen investigated in various fields ; utilization:
<;f the corona discharge is one of them.
" It has been recognized that the fine metallic wire eliminates static electricity of the charged body.
Here, some characteristics of the Electrically Conductive Fiber (ECF), recently developed by Teijin Limited,
were investigated. The resistivity of the ECF is about 102~13% ohm per centimeter as shown in Table:
1. In early stageé of this research, it has become apparent that the ECF has the elimination faculty of
static electricity and that the elimination mechanism depends upon the corona discharge. In this.
* paper, the discharge characteristics for the ECF, so-called “current—voltage characteristics” of the
corona discharge, are experimentally scrutinized in various conditions. Fig. 8, Fig. 11 and Fig. 14 etc.
- give the examples of the experimentél results in various kinds of electrostatic field. It has been.
definitely shown by these results that Yo
(1) Static electricity of the charged body is approximately eliminated until the corona starting
voltage of the ECF.
(2) The ECF has the elimination faculty of static electricity in low humidity as well as in high.
(3) » The elimination faculty of static electricityof the high electric resistance ECF, with the resistance
more than 10° ohm per centimeter, is not different from that of the low electric resistancé-
- ECF.
‘v A program is underway to ascertain the function of the ECF in eliminating the static electricity of

cloth.
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Table {. Resistance of ECF.

ECF 0 B&ES
Sample]
;;;;;\\ 42mm 40 mm 40mm
2v 360 Q/cm
4 290Q/cm | 280Qfcm | 330 Q/cm
6 270 Q/cm
8 230 Q/cm | 220Q/cm | 820 Q/cm
10 170 Q/cm
12 150 Q/cm 170 Q/cm

A, B, C : Drop method
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Table 3 Constants of experimental formula
a,n Vs —E%

Distance

Corona
Electrode é’é%waelelg onset a 7

voltage Vg

electrode

20 mm 3.6kV|6.0x10-'% 1.89

40 4.5 |3.5%x10-19 1.85
Plate 60 5.6 |6.6x10711 1.48
80 6.1 |7.5%x10-1 1.63
100 7.5 |2.1x10711 1.42
16 3.2 [3.1x107!1] 1.89
Cylinder 27 3.2 5.6x10-11 1.68

42 3.2 |2.1x107'% 1.67




bDOTHDP, 2RI HEBHLREEEL 7 b PEEIT
LOERETS 8.5kV Ll LOBBESK - CIXIES
WL —HLTWBE LMD, FOMEER &
>TRbhc 2w REEEY (1) XTEbLL, +
NENDBREC DT a,n, Vs DR kbd DT o
% Table 3 X L HTRLTEL.

REBRBHRIC OV T ORI E T > Th 5. &8

. ECF R BREMIVNS WD, Fhb s A
WEBEOHBESREIS L LTRETESEL L »C
BIL00EZLNBD, T2 TCilk2rr KB X
S TR 2REAREREM > Thlk. BEORE
TIX&BRE B\ % ECF L BBSEEME L 20T

L E—E T, PEEIRTW3BALED 3
BREBRTLHY, ThRIVbOBEHBI Y - TR 3
BREBAROBETISLS. Liti-THEBEORERS
DWW TEELCHRT.

BEC X 2RERASTHRERAELS KT S Lk
2ODHEBEZLND. 1238w ECF pi
BREERLVPFZFEL TV TREBEDORE - 2845TH
h, o1 ORBERRER b5V ILHEWEC
ECF B8R LT, 5Bz o<, BBOE: 3
BETHB. a

BIEDEEY, BEKORER X » THEBES
PHETHEZOBMIEFLTH L 2, ECF o=
I HEBREECLS L Zhnb v FHENE-
THREBEI RE S D, BMNOLEFAIIEE S ok
5. TibhbBBEIREREND BRI %4E3 2
HEWOMEL ECF o= r BB L - THI BB
LHE L BB TEE LD, SEHED
B OBMICRFINDZ LIt 5. L LEE
KIHBEROREVRENCER LT, 2035
EBR—E TR D, LR 52w 35
BRI BT 2 BB EEL FoBM Ot T 5 =
LA, —RRCHBEYE OB ECF oawy
HERBRBEN LR - Th, 2w +HEEBREE S
TRIREBEIN I DHEYROBMITZ LA 2w+
HERREECHFEIR bz Litic s, 72721, ECF
Daw FRERREEL MRBEL XL L ALES
i, WEPEOBMNEZNIECENTY » 7135
ZrekB

RICBEEDHE T, ECF L#EBWEL o EgER
BHC L > TR T2HA0RBRSETHY, WED
BEOBRBEIREI O SEEOERINA - Tt b

ERXTSWRTHIERE

RIIS-RR-18-5

DTHD. LT ZOEEINPIVCBEIIL, &
LRCISHMBRERR LS. ThbbEEWEDE
PIESE T 2 oh T, AziE Fig 9 kR LT
% HEEE MEBRIAEE (RBHROBA) i D EA
BB > TETT 22 Licie . MCEEN K X\ 3B
BRI, COBNMMRCL > TEE 2B E CRER
NTTERT B2 L Lie 00, BEWEDEITH
DEMEDISDEI LB L s, ThbbER
MR Fig 8, 14 &k o Cd Wb X 51, ECF
LB L OEMINEL 5B 2 v FREETIT A
%<Eb,ﬁ%%%%5%ﬁ<&5t&,%ﬁoﬁﬁ
ETTHRESIN LV ETLERET 5 Dh TEBYED
BAIMEL I B Licin 5.

5. H L p &

B, BREH oDV ECF riiBBESRE
EAHD, ZhiICSBHRE A2 FRECHS
CLaHEDI. ¥ ECF LfiVWSBE L IirEEe
b, Tho OBBESHRER S SMThLS - & 2ERE
Yo THED DT, Uikt o TARECR LT BRI
LR CSBRCN LT EARES 0T 5.
FRTIE ECF 2RV -84 0BRSS oLAESR
COWTDEEBETHZ LY BNE Licke®d, EE
B-HBEL T 23008 LTEL, BRERESY
ED% ECF o aw 3+ B oW TE A AE T
DRRE L. FoRER
(1) ECF RrhiRA—Hc b 5B rRE
THZ L, Rtk BESLGRE
T3 ThbhbBEZZOREBES Y VBT T i
Tk 5.
(2) —BxEBEWEROBES M ECF w5
BEBMEEELE : e Ihs..

(3) BERFHEIIFHCHTR, BEOEWE
KRBT A E L R BEATL 5.

(4) FHMCHELCW 8BS BET284
L, REINIBHBLOBERC X - TEP D
BB B,

(5) EBNCHBELTWIHESYBRET 584

- ik 2w FHE T  KTEREBIC X » TRER
NEFENRLS. .

(6) ECFlem Y4y o BGERSN 100Q BE%
TREEH & SMichBiE) 5 5. :



HEUBHEC X 2BBEROBE

PAEDZ &85 s o e,

Thh OFERIIBE—REHBE LTV 53 0k
ERFBEOL LI Y L cied, MEOEELYR L
T4, ECF, $B# X 2BRBEHS OV,
XHIMECHELYIAT TR LEACEB LEYET
Wh., ZREDOWTIIE 2| THET 5,

Gitse) DAY h EEE T w5
LEREREHRZ I CD AR E, HIET,
BRI T X 7o Arh B9 ) I e B i
5. KW ER LicER ECF 133 A=Akt
IO RBEETFT s s 2R L TRL.

3wk

1) %1% H. W, Cleveland “Static Electrification”
Institute of Physics and Physical Society,‘ pp. 139~
146 (1967).

2) Richard A. Compton “The Cornell Hotel &

Administration Quarterly”

s £

= 7

Restaurant Cornell
University, February (1967).
_ 3) Robert E. Thompson, Fire Journal, 15~19,
November (1969).

4) BEOTFELF “BELA VIS y 2”7 ASZME,
p.10 (1967).

5) HEfh, EETSWEFIIEES, RIS-RR-
17-1 (1968).

6) Y.Toriyama, E.T.Z., 388 (1), 21 (1933).

7 it “HEHS” HRBEHBAY p.p 80~
97 (1960).

8) WEEAM “BE~YF7» 2" F—1i .
110 (1965). ‘

9) H.J. White “Industrial Electrostatic Precipi-
tation” Addison-Wesley, p.p.83~100 (1963).

# &

BELRBIEOBR
(Fig. 5 DHEZHMENT)

| WTF o BCF oM ESREELHRT 570
AT - BRI TH D, ZDEF 3 Fig. A1
KRTLRDTHS. WERBR T AVHENE TS
BEBTPHCHB LT HRENL Q ¥F5x, *
DB Vi 1%

— 13 —
_ @
Vm=_cer (A-D
" C+C,

L7ch, ECF OBR (Fv2v %~ COBR) Vior
ik, BEFELCI-T ‘
VECF:*QC_CTxﬁLC_I
°+C+C1 :
Lich. ERTCIL ECF it Licr + v 2~
BEThY, CuC BETRENSBTHR & EHE, &
B¥HL ECF L oBBEARTSHS.

AL TR D ECF k= v+ HEBIZ L » T
BREBRETEOTL B0, *OREBEBREEY
Vs L T52%, &BFROBA Vi & ECF OBAL
Veor LN

(A-2)

Vin— VEdFZ Vs - (A-3)
ThiuE, ECF riz=zw+HEBNEC T, £BF
WCHBLTCWABERIIREIhDDTHS. 22
TEX (A-3) BEFK X TELEL&BHRTH S
7 (A-D, (A-2) Rk (A-3) RARALT, &
NEBEMQOLMERTELTE, (A-3) Rk

0> CC0+C<)CC1+C1C v, (A-4)
Charged body Q(Va)
/,-Q-++++++++++)

’ '
—c,
I 1
i Otemttsbeeee .EE‘,F: Vier
" Co ¢
§
Y 7 VI 111100 0 0707 A
Fig. A-1 Analytical model of elimination
phenomena.
BRERROEH =5 1

L0, #R (A~ REWET 5 X 5 BB Q 75
B HOHBEL T\W5 &, ECF gk - T 0D
BESIIBREINRDC LERLTW 5.

DL LT (A-4) RTRbLINBLEELHE
oL, SERFRCHELTWBERL ECF X
>TREIND 1D, BHHFBEL T Q »b @
NEBHTHE LRI, ThbbeBERCHEL
TWRBERD S b, Q- /x5HEHL ECF X
’JVCF/%%JC"}’LZ) Z 2;;.0?.,71 5. ZOBRBEIh-BER
Q—Q AR ITHEMEANLBEL A, B



BEEDTERDIcdRHE 2 T\ BEF N Fig. A-1 TH
5L, ECF p#EmIhicd v+ v x— CALFEX
bz rrisd. TOKR, BP0 ECF
DBEMETHD Vs Veor 225 V', Veer’ ~EE
ALLTITE, Vi, Veer &Thth

& Q—Q' Cy
n'= o TC T L Gl * Gt G
*TC+C, Co+C,
(A-5)
Q—Q’ Q’ Cy
’—
VECF - COCI +C + CC1 XC+C1
CoFC, 'TC+C
(A-6)

righ, LhrLzoTEREBFRE ECF 0B
=N

V' — Veor' 2 Vs (A-T7)
T bR RT AL, ECF 32w FHEPERL
TEBIERCHEL TV ABBELLIbKRETSE
Licie b, FEREEIIE (A-7) ROEXMRILT
5%C, ECF clsREMFAIKI LS.
nxb (A-5), (A-6) X% (A-T) DERARAL,
ECF i oTiR T » REBEER ORI HEREYR

25 E LT
Q' c Q- [
Cq-CQ Xc+q c+.QCIXQ+C{'m
"TC+G Co+Cy
(A-8)

LB, WEDEREFTADOBAE T, HBEDXiC
LTELRER (A-8) MHEBIPRI VBREILSH
BRMOREER, Tbb ECF g X 2BRBROBE
HE2550THB.

2T (A-8) % Q woWTEHETSL, KRE
BOBERN € »Exbh

1
i

o

—Q,4Q

40=Q-Q’

'
1
1
1
1
1
|
]
I
'
1
'

0 Q:CC0+C0C1+ CIC\V —Q
C s i
Fig. A-2 TheOretical charge characteristics
when static electricity of the
charyed body is eliminated by ECF.
. ECE o k58 BHOEL

EERLEMEMTERSE

RIIS-RR-18-5
c CCy+ CyCi+CiC
;) 0 0T Lol 1 _
@ ‘c+coQ+ C+C, Vs (A-9)

Lirh. ¥t Q-Q =4Q LEXhioTEET
5k, EBRFERNHOLBRBEINTHF v+ 3V EZ—~BEL

EBEMNEL LR
40=Q—@Q’
€, CCHCCitCiC i
=cic,? c+C; Vs (A-10)

B, kR (A-9), (A-10) X (A-4) RORT
THHHCS O CHEARRAZBEFRETHL D, (A-4) K
BRGL Lis W B4 ECF m X » THRBEIRES vz
HUKR Q=Q, 4Q=0 Th 5.

Fig. A-2 X &BVHROBRBHOBER Q@ b
KEBTFWNDF + v 2 ~~BE) LIHER 40 %
HRlLicdDThy, REBRSBTPREFEL Tz
Q LIX— KRB DBRR LD L ERLTWS, i
(A-9), (A-10) 5% ECF LiEhik: offiiciss X
RTC0BF + 22— CORBIAZVEREROH
BN Q Alikebzl, ThbbBREHRDORC
EERLTWS., WERYIZ ECF 8T, &
DOBEEX ECF i InThb5F v+ v X —~DEE
PERRCI - 7cZ L LEMTTEH B0, X (A-
9), (A-10) OCHEERKLBLZ LRI »TERDE
n, TOHEORERIZ

Q'=(Co+Cy) Vs (A-11)
I Q’ _ _ ’
Vi _C—o+cl_Vs (A-11)

Lish. ThbbE&EBFREHBRL T 2 BERT
ECF X »C, ECF oKEWREEHELET CHE
ENBZERRLTS.

DED (A-9), (A-10) it ECF Xk » TRE
INHBREEBEMN Q@ b @ TEBLLLLD
THHH, ThEEM Vi, DO Vo ©RX-T
EbHLTA%. (A-1), (A-5) XID

CCy+CoCy+C,C
Q=""2 erc‘jr = V. (A-1)
CCoCoCi+CC (.., C
r_ YloT Lol T4y b4
Q= p <Vm cl+ch)

(A-5)’
HELh, ZoBFEEY (A-9), (A-10) ~EATS
&, EEFWORBEHDOBL V' b ECF @
B Veer' 12 FHEH
_ CCy+CoCy+C,C c

7 - S
Vn'=Terey oy mTeac

CoEC
(A-12)



& HESREEORER

CC0+COC1+61C CO

Veer' =G r ) (CHC) '™ ot C °

(A-13)
5. FX (A-12), (A-13) 34K (A-4) Ko
3 AEEE R CERERABERTHB. Tk
% (A-1)' % (A-4) RARALT, ZhaBROH
BTEbT L
VmZC—ECI Vs (A-4)'

Lich, (A-4) RTELIhIEHRL ST (A-
12), (A-13) IR THZ e 5. e (A-4)’
REWMRLLWBRIIEEBR, ECF 0B FHF
-

Vi'= Vi (A-14)
C
VECFI:C_%I Vm (A-15)
B v,
] Vice
O y-Cily .

Fig. A-3 Theoretical potential characteri-
stics when static electricity of
the charged body is eliminated
by ECF.

ECF oBBr & 2B EL

._15_

Lic%. Fig. A-3 3 oBRERR LIcd D THZ

BlE (A-12), (A-13), (A-14), (A-15) Xi:
W, F+ o —-DRECHEROBERE Cp (
CHRLTRSKREVLE Vo!, Veor’ 13 FhEh
V= Vs ik T

V' = (%lcl Vit Vs (A-12)/
VECF'=_‘C-1— Vi (A-13)’
C+C,
V< Vs ki
V' =V (A-14)'
Vacr' =0 (A-15)’

LD, WEEFTHEREC L - THEATHBE
nlith.

KR L Fig. 5 0o BREFEOERILZ ¢
(A-12)", (A-13)', (A-14), (A-15)" ® VT
Db DTHY, ERTRDA V:=3.8kV, (=1
pF 5Tz C=20, 92, 160 pF DA D\ T 43
ThRLThHS.

B DS~k 5ic ECF oBBESY
BREYHERT DAt b D ThS. Lt
TEREHNL QLM X 51 ECF X - Tig”
HBRERRC OV URR LR Th Y, #ES
DREEVERL TS X 5 BAIBERAERS 4
Tlavs. UL LEBEOBMESIER L LT, Miky
THBHLEELZONBBEDHNREL, 0BT L
KOBERHE S © &, Bl IESEEWEOBMN (A
11) R CELINBZ L 2HH T 5.

(FBAn 45 4£ 3 B 1 HSZM)



EERLPRAMEIRSE RIS-RR-18-5

ARFN 45 FE 3 A 25 B RAT
ST/ BB E LTSRN
HEA S EREETEELITE4E6 S
B =t (0424) 91—4 512 F (O

MRET HEADRER&E

HESS 18004



UDC 537,22 : 537,56
HEMHECLINBEIORE
H B8 F =
EERSWEFTHHE RIIS-RR~18-5, 1~15 (1970)
guTgoeﬁﬁ@ﬁﬁﬁﬂmﬂﬁﬁf&ésmauT@MVﬁ%&wm(ﬂm>K
~,Ef@&m%?:n*mﬁmléﬁﬁi%ﬁﬁo&éca&ﬂmtt.kﬁ:@ﬁﬁ
iﬁf%mmmﬁﬁﬁt%ﬁmm%%MT&b,:h&mvt%%mﬁﬁﬁﬁ%ﬁbé@
D2 v F BRI S5 2 L S IE Ls. Li-ps
: ME LT, Liedi»C ECF o = w 5T sss:
f%f?ﬁ%ﬁ%%%mlofﬁﬁbf&t.%@%%:h%ﬁbt%ﬁmd%%ﬂ%ﬁ
jﬁrzgm ECF 0= w7 HEBMIAEENMSEE CREIN 3 - &, ¥ XU ECF
@%E%umﬁ,@&%K&k&k%%ghtm:a&ﬁﬁbf a3 ECF 0B ST
. - . ) 3, XL
ﬁh cm i’:‘:') }099 BEXTTHLL, %o ECF LAz v #{ERL I LEESERE
u@&é_am%%miofmﬁéht.@mm,ﬁ3,ﬁ9) o

O

UDC 537,22 : 537,56
Elimination of Static Electricity by Use of Electrically Conductive Fiber

Yasuyuki TABATA
The Research Report of The Research Institute of Industrial Safety, RIIS-

RR-18-5, 1~15 (1970)

It has been recognized that the fine stainless steel eliminates static electricity

of the charged body by a corona discharge.

This paper shows that the elimination faculty of static electricity exsists in the
Electrically Conductive Fiber, with resistivity about 102~10% ohm per centimeter,
as well as the fine stainless steel and that the elimination phenomena of static

electricity depends upon the discharge characteristics of the ECF.

(Fig. 21, Table 3, Ref. 9)



