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Propaga,tﬂing Brush Discharge Occurring on Insulating Inner-Bag Used with
Anti-Static FIBC and Its Countermeasures™

by Mizuki YAMAGUMA™* and Tsutomu KODAMA**

Abstract: An energetic form of discharge called the propagating brush discharge (PBD) was stud-
ied in view of a hazard assessment during the operation of an anti-static flexible intermediate bulk
container (FIBC) with a highly insulating inner-bag. The conditions for producing PBDs were
investigated using various kinds of materials of FIBC and insulating films made of polyethylene-
terephthalate. The magnitude of PBD greatly depended on the structure and the resistivity of the
FIBC materials. A material having fine conductive threads for dissipating static—charges, for exam-

- ple, was possible to produce extremely energetic PBDs due to an ionizing process on its threads. A
less conductive, dissipating rubber type, however, produced rather weak discharges. In all conditions
experimented, PBDs easily exceeded the critical level above which flammable gas or vapor can be
ignited. This means that any level of PBD has to be avoided in the atmosphere where lammable
gas/vapor exists. Two countermeasures to prevent the PBD were tried. Pinholes on an insulating
sheet mitigated the charge accumulation, and when the interval of the pinholes was 4 cm or less,
PBDs were no longer observed. Giving conductivity to the surface of an insulating film was also
found to be effective for the prevention of the PBD if the level of static charge was relatively small.
Keywords; Flexible intermediate bulk container, Propagating brush discharge, Brush discharge,
Corona discharge, Dust explosion, Pinhole

mj

1. #

v 7TNa T (LT, 7vay) i3, 200 kg
~1000 kg BEDOWE I 2+/KbH, ZRELEMTIELA
REROBBTH Y, [LETHEFLIHBES<L v
MEDTEMREMEBIOREBEE « BiRICH LTV
%, BY, BEERELED- 7L 20 % BINHo{be:
IEEAWA L2tkld, WEMZEZE 7V Iy LK
BABREAT LB DIMER HWECFIRETT &
EFE G, CHOLEREWE TV I DOREEDR
BLIHEESREL, HHErER2 213720, EHE

DBSHIFLEC & > TEZ AN F— Dk & L BELRK
BEFHREL, HEDBRRERAZICERLTER - X
REBISEITZELHBY, DL hBBEIIE
ELTHENIEIEX B T2 7 v a v BRIcER% - 6
RINT3, wEIE#EIEEZERT 20012, ©7
VO AR EITIFHEICEET B, OEBEE
TR & L7 SRR O AR & Aige AR @ X A B FR ¢
VAL, LW ZODFELIERTHY, WIFho
FETH->THHEY %2 HE ol CHWBEY
REBIEICET23ROD L5 2B b b,
A, B, BREZIIBWTR, EMENE

YPR 1249 A 26 H, F4EERARBERY P RY YA (5 KROFER 1248 10 A 10 H, IEEE-IAS

EREA (n—=) TBWT—EOEEE,

ok Yo T 29 TR ST Physical Engineering Safety Research Division



— 36 — L LA ICERE  NIIS-RR-2000 (2001)

P L EEEINT WA, F2ET 7L
DRANZ AR RO (L) ZHEH L Tw 5 %EH
PEZLRLNE, ABOEMITIIR) =F L L FHifE
BIEDENLDOHFZ DT, WEBLER 7L L 26
ALTWARLLTY, 2ORIBERINEIENFT

BMIN5E, ¥, @07 o vapERLIERIC
BELREAIS, 74 NLCKEDEFMIEHEL TR
AT HRMEKEIL, FOREZANVF—PEFITKE
<, EREIROTHNDLDTH DT, MELIEER
PRETHD,

— MR 7 IR RO RAEFRMFIT DOV TIE, BRCEEL
CHFRLENTWABY, LaL, BEHIER 7L B
BHERE LT T 25 AOREOFERURASR
FIC2WTRIZEAEMONT W W, 22T, BA
EARCEATHETREN TV 2HEHLER 7L 0
YEFEHLT, BT T s VA A ESDbEEAT,
EDXI) e MENFFET I, /2, b LIBEKES
RETLHHAICE, EnkiicLTHiETUE L »h
(2D TEEREY! ”*A;*H,f’a)f‘#&i?é _

%k, RwXICBIT5 NAHEMKE &\ I, 3%
20 “propagatmg brush discharge” & [REFEDHDT
HY, BROMOFTETIIINOMESERTHELLT
HwbshTtwd (FlZiE, BEEIL¥ TR TREZ
EDLCARBELE®RT %,) ODTEEZET 5,

2. REEREBRUFE

21 ZLaArYyOY TR RUBEZ 4 VL

AR THEHLFEBILEE 7L 2 3T 31
FThbd, FNFhoiE? Fig. 1(a)~(c) K77,
%7V3V#%Eﬁ%(%cmmem)@%W%@
DIRE, ZO—BIZHMBTFHELTEL c;m DTV

= LADT L — bR T,

(1) €EEREEHHEHER (LIF, MF L EER)

R Z=F L MBI ERBREEEM TR (Im
72 ) DEFIEDT 1.0 x 10*Q) % 26 mm REIFE THRFIRIC
TEVVAAZ LD, BE12053 mm TH 5,

(2) RERESHMMER (LT, CF EEHR)

R ZF L U BOEMICHEREEEM TR (Im 4
72D DESIEDL 1.0 x 10°Q) % 45 mm R TR
FeVAAIT LD, BE13048 mm TH 5,

(3) BEHITLE (LT, DR EE&HK)

BEEITLSOEMTESNL D, BEAFENEK
IR R R OREIEDIEIL, #1121 1.8x10%Qm &
W28x%x10%Q THb, EEIF0.85 mm ThH 5,

Fh, HTERHEER74NVLELTESR 010 mm D
RY)ZFLrFv7rv—1F (PET) 7404 % 35

(a) Conducting metallic fiber type (MF)
BB R R AR

(b) Dissipating carbon fiber tyep (CF)
15 3% FRIE B ERHETY

(c) Dissipating rubber type (DR)
BEETLH

Fig. 1  Photographs of anti-static FIBC samples.
WEHLERZLOAYOH T



WEIER 7 VX703 o7 LIEREN SO SRR DS 2 IRHKEOBM L £ O

emx 35 cm (ZY] D HR72 b Dz flviz, BEaHFROMK
BEPLE RO ERMIENLEE, 20F1 14 x 10M4Qm
BOY 75 x10MQ THB, B, ERIITNT 22°C,
50%RH NDEANBRTETERE L 72,

22 HERUHEBF*

EIREBOBR* Fig. 2 1R T, T/ I A8
V— M EARFIREEL, ZDLI2IE 50 cmx50 cm, E
25mmDT 7R IYEL—FEEWL BizFo ki,
Fig. 3IZRT &I IZ, Zvaroro7n (EghE
B , PET 74 VADNEIRER:, o8, 2 TF
7ar®/e—FERWEDIE, TAHI=TLET L —
FeT7Vvarat 7T ER/NCHERT S0 TH
N, BB T AEBREREPOHETAED, F7u8
P FAOARENOBICES LT L 2D BERL HE
FRIZLZERBELNT W,

PET 74 VoD &L, BBEERI v FKEICE-
TRELLAFT V2 REMIBIEIZEVITo72, 2
oFREAERIE, A7V REDHE 10 mm [EET
U ARZEIICEORAALCEE L ->THY (Fig. 3),
% PET 7 4 W AREDBER 10 mm &7 23 &5
RPN —THEELR, CORLT—[IFEIC/KE
TN ZRITTH 2 BB S v B e BEN R 57— PICHLY
TeNTEY, FREOHHEERORM TR X » ¢
B LW TED, AFERTIE, PET 74 L LDFITH
PER AT 20 cmx20 em DK E # 17 sec TR ¥ v o
LTHEI L, WEMEESTTHRERS,IZ, Fig. 412
AT LI, BWLALERKRER (HE12.7 mm) %
HREEMOZET IR IR CEBER Y, RERR
IR, KBRHERD PET 74 VLADEEEMIZE
HEMF (Kasuga KSD-0103) 2 WCTRIE L7, %

2, REBOBREEZ2 71V 7 0—7 (Textronix.

A6302) TEw 2T v 7L, INEFVIALFTIYRR
32— (Textronix TDS520) ICHL Y AA TEHET 2 &
EHiT, WV LA B2 —F TF— S REEITS
CLIRE D EWESERRE L.,

23 AEMBEOBLEXE

AEFZE T, WEREOHIEMEL LT, OBES
MEEHRT 2, @7 4 LAOEBOBER AL S
T TIRHRE D RAETELE THERD T AL X — % 5§
B2, Lvwdy ZonkEeRAT,

(1) Evh—nic &k 3 BBEDOHIR

Fig. 5(a) IKRT & Y ic, PET 74 VA RTOFE
DRBTE Y R— A 2ED, BHEBICRIEY k—Lh
SREY 230 KEICL 2 EHROTRIEE2FH L
THERZHIET 2,

37 —

(2) REEELEOTICLIHETRNE~FOHIR

Fig. 5(b) IZRT & 92, PET 7 4 )V ADFT B
RTOHREBILEREEA L TCZOREEELLZ KES
L, WEFERICRELRESE, ZORERE (&
FRFZAINX—) 2RET 5,

[ ittt i
| S gﬂ:e ] Supporting Rod rl__)—_‘— 'StageL
Controller
Corona Charger’/
— i

X and Y Movable Stage

Drive Motor
samp]%Horizontai Plat

'
|
1
!
1
1
'
’
'
1
'
'
- 1
1
1
]
1
t
!
1
1
i
r
¢
'
1
|
'
1
J
t
'
‘
1
1
I
'

<>
Discharging
Electrode
GPIB
Current Probe
= ] | Digital Storage | __ ;___, -------
Amplifier | Oscilloscope la
Personal Computer
(Controller)
Fig. 2 Schematic diagram of testing apparatus.
AEMERREEDER
(Unit [mm]) . . .
Discharging Needle (Stainless steel} Housing

Insulator

to HV source

PET sheet
| \LFIBC Material

S

S Metal Plate Teflon Sheet

Fig. 3 Structure of corona charger and arrangement of
materials.

aaFHERERURHOEESN %

Grounded Electrode

AN l Propagating Brush
A Discharge

Fig. 4 How to produce propagating brush discharge.
AENEORES*



Unit ‘[cm]

2~10
(a) Making pinholes on the film
k-

ERLEWEAM SRS  NIIS-RR-2000 (2001)

e—— 200mm —>

(b) Modifying surface resistivity on the film
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Fig. 5 Two countermeasures to avoid or mitigate PBD.
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