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Electrostatic Properties of Dust Blown from Bag-Filters and Static Discharge
from Layers of Metal Dust on Filter*

by Mizuki YamMAGUMA** and Tsutomu KobDAMA**

Abstract: In recent years, there have been many serious industrial accidents resulting in severe
injuries and deaths as a result of metal dust explosions in bag-filter dust collecting devices. According
to the investigation reports, some cases seemed to be caused by electrostatic sparks as devices were
manipulated by the workers, although the mechanisms of the charge generation and the ignition of
dust by a electrostatic spark were unknown. For making these mechanisms clear, we proposed an
explanation that frequent mechanical interaction between the dust and the bag-filter during the
manipulation could generate a great deal of static-charges both on the dust and the filter, which
ultimately discharged in an incendiary form. To prove this hypothesis, electrostatic charges on dust
detached from the surface of a bag-filter by a high pressure blast of air were measured, and then
the discharge phenomena from electrically isolated bag filters with charged dust were observed. The
results are summarized as follows[]

00 10 By removing the coarse and/or round dust particles from the fuzzy filter surface, larger charges
were obtained than those of fine and/or irregularly shaped particles. This was probably made
possible because the friction was more vigorous after the dust was removed. A roundish
aluminum dust, for example, got as high as 70 y C/kg of static charge.

0020 No relationship between the resistivity of the filter and the bulk resistivity of the dust was
found when a fuzzy surface was usedlhowever, a relationship was identified when a flat, smooth
surface was used.

030 Two types of antistatic filters containing conductive fibers mitigated the charge generation by
the process of dust removal probably because of the corona discharges. One of the filters,
where the conductive fibers are sparsely dispersed throughout its fabric, greatly decreased the
charge.

0040 The charge density on the dust was also dependent on the number of sequential removal of
the dust by the blasting of air. In general, a larger charge density was obtained as the cycle
progressed.

050 If aluminum dust were to accumulate densely on a filter that was electrically isolated and highly
charged, it could produce an incendiary electrostatic discharge.
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Fig. 1 A dust explosion in a bag-filter device during
retrieving collected magnarium dust.
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Fig. 2 Experimental apparatus.
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Fig. 3 Experimental dust collecting device.
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Table 2 List of dust samples used in the experiments.
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Mame of duel samples Abbrevigtion % 7l volume Median partiele  pyige shape

¥ resstvity [C1-m] dameter [pm] F
Polystyrene(black ) *vwaste PS-BW 1.3 =108 (=*500%) 594 mreguler
Polystyrene (waste) PsS-W 1.2 =1 0% (1000V) B87.7 regular
gh-density Polyethylene PE 3.0 =10M {100V 145 roumd
High-density Polyethylene{waste) PE-W 1.5 =10 (1000V) B7.7 mregular
Methacrylic Resmn PRIWIA .0 =10 {1000 345 roamid
Aluminum {P2000) AL-P2 2.5 =102 {10V BE uregular
Alumnum {atodnized ) AL-4 1.2 «10P (10W) 328 mcathy round
Ahmimm flake (waste) AL 1.3 =10F (10W) 258 uregular

=waste: gamples taken from industral sites, = valtage usel in the measioement

0 a0 Polystyrene black waste[]

O dO0 High-density polyethylene
U wastel]

O b0 Polystyrene wastel]

O ed AluminumO P20000

O {0 AluminumO atominzedO

Fig. 6 SEM images of dust samples.
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Fig. 7 Set-up for discharging from stained bag-filter.
0oooo0oo0oo0ooooOoooooooo

Prissie of foverss 1.
@7 AP 12

o ' s
u [ aFz PEawp |

BL-A
3

Mean specific charge 0]
2 L% -84 58 8 E¥H

o i
¥ HEae
a2 8] |
o Standard type) g| P
0 Mis type | PE
| * mnpenpe |
5 7 5 T 12 15 17

Apparent volume ressfivity | Liog o[ Ce-mf)

Fig. 8  Specific charge of dusts by de-dusting
O nap sideO
gboooboooboboooooboooon

gbooooobobobooooboboboooon
gboooooboboboboooobobo

23 0000

goboooobgoooosbooboooobon 38
goooooobobooobbooobboobboo
O00MoOobOo0ooOobooODdTable20000O
goboobO0OwasteDOO0OOODOOOODODO
gboooooboboboooobobobooon
goboboooooboooboboooboboooboo
goobooooooooono 20000000000

B T T —
=]
— - Presmuee ol mevenc jol
-q? o Signdeed type| 0.7 Mla FRBAS
ke Y By Mix fype
.g, gof | ® Stoipetpe | i il
e a
S & =] P
= | A
g- »NE AL AL-& _‘ PE-Y
G- -{a — A
§ o] :
2 F FE
-#h f [+
ol o
. L

5 : 4 T E 1 "
Apmrgn valese nesiivity ILog [ ml)
Fig. 9  Specific charge of dusts by de-dusting

Oiron sidel]
oooo0ooooobooooonoooooo

god

OOOPMMAODOAL-WOOOOOODOSEMO OO Fig.
edno0On

24 0000

gooboooooboboboobooboboonog
gbobobooooobooboboobooobooboon
gboobobooboooboobobobooooobob
OO00OO00D0Fg.700000000C000COOOC
gbobobOobooobooboboobooobooboon
gboboboobooobooboboooooboboon
gbobgooooooboobobooog



— 78 —

3. 0ooooooo

3fgooobooooboooon

O7MPal 000 100DL000OD0OODLOOODOODOO
oooboooooboboboooooboobobooo
OFig.800Fig.900000O00ODODOODODOODODO
ooobooooobobobooooobooboooo
ooobooooobobobooooobooboooo
o300 s5000b0bobobooooooooon
oobobooooboomuooobooooboon
odo0boo0ob0oOoboboooDbo.iblogOoO
oooboooo0oboboboooooboobobooo
oooboooo0oboboboooooboobobooo
oooboooooboobobooooboobobog
oooboooo0oboboboooooboobobooo
oooogoo

gooooobobooooooboboooooo
O0000000oooooooooo1Qomin
0000000000000 ™Table1O0O00ODDODO
oooboo0ooobobobooooobooboooo
gooboooobobobobooooobobgn
gooboooobobobobooooobobgn
OO0O00ooooO0O0ooooO0OooooOoooooFig.
obgoboobobobooboboobobooo
OO0000O0O00O0o0DOOo0o0DooOO0OOFrig. 80
gbooboooobobobobooooobobgn
Oo0O00000O0OCOO00O0O0Tablea OOOOODO
gbooboooobobobobooooobobgon
goboboooobobobobooooobobon
go0o0oOoOoOoOoOoOoOOOoODOODOoOoDoo®* oo
COo0oO00O0o0ooooooooDi1o®Qomoon
gobooboooboobobobobooobobobooooDo
gboobooooboboboooooobobon
gobobooooobobobobooooobobgob
gboobooooboboboooooobobon
gobobooooobobobobooooobobgob
goboboooobobobobooooobobgon
gooooboobboooboobobobPE-WOD
goboboooobobobobooooobobgon
goboboooobobobobooooobobgon
gboobogooooooobo

320000000000000

Fig.80OOoUOoooOoooooooooooogo

00o0000000000NIS-RR-20030 20040

000000+ 200090pu C/kgDOOOODOOODO
000MIAL-WOAL-AOPMMAOOPED O+ 5020
pCkgUODOOODOOODOOODOOOIAL-P20PS-
BWOPE-wOOPS-WOOODODOODOOODOOODOO
goboboooobobooobbooobbooobooo
goboboooobobooobbooobobooooo
goboboooobobooobbuooobbooobooo

AL-wOOODOoooOboooobooooboooobo

goboboooobobooobbuooobbooobooo
goboboooobobooobbuooobbooobooo
goboobooooobooobbuooobbooooo
gooooooooooooobbobobobobobbobbon
goooobboboboboboooooooggAL-AOO0
AL-P200000014000D0DOO0ODODOODO
gobo40000007MPad1sODOO0ODOODO
O0O0O0OAL-AD0DO0ODOO5S0003.7001.2000.70
O00o0O0O0obOAL-P200O30006.3003.6002.40
gooonDAL-A0DDDODOOO0O0O0O0O0OoOoOoooo
0o0o00ob0oboO0o0obOoboOo0obOoAL-P2O00D00OO
gobobooooobooobbuooobobooobooo
gobobooooobooobbuooobobooobooo
gooboooobobooobbooobbooooo
gooboooobobooobbooobbooooo
gooboooobobooobbooobbooooo
gobobooooobooobbooobbooooo
gobobooooobooobbooobbooooo
gobbogoobbooobboooolooooboon
gbooboobooboboboooooobobgn
OoOooooooocoOoOoOooborg.9OOO0O0OOO
gbooboooboobobobooooobooboboon
gogd

3300000000000 000Db0ODbO0O0

Fig.800000C00000D0OCOOOOOOO
gooboooboobobobooooooboobgn
gooboooboobobobooooooboobgn
goobooooobobobooooobooboboon
gbooobooooboboooobopPEDODODO
oo0ooboo0oooboooobooogbooFrig.
iloogooOoooboobboobobooobooon
gooboooboobobobooooooboboon
gbooboooboobobgobooooboobooboon
goobooobooboboboooobooboobgon
gbooboooboobobgobooooboobooboon
goobooobooboboboooobooboobgon
gbooboooboobobgobooooboobooboon



ooooooooooooooooooooooooOoobooog™ — 79 —

&0 - 1
=0~ Standdard filter
0= Ml fller

== Naripe Thhier

|-uCikg]

{
|
{
|
Sk
1
i
|
{
i
1

A4 b

iy

iean specific charge

0 03 k4 05 06 0T BB 08 10 LI
Pressie of reverse & | MPa|
Fig. 10 Effect of reverse jet pressure on specific

charge PEO
oodoobobopPEOODOOOOOODOO

gboboboboooobobobgooboooon
gbooboboboooobobobooooobon
gboboboboooobobobgooboooon
ooooooo*ooocUoooooooooooo
gboboboboooobobobgoooooon
Oo0oo0o0oopo*ooU0ooooooooooo
gboboboboooobobobgooboooooon
OO0bO000OO0bOo0ooOob0ooogbOTable1r OO
goooooooooooooooooooooo
girooovhboooooboOoOoOobOoOobOoOobDOOn
gboboboboooobobobgoooooon
gboboboboooobobobgoooooon
gboboboboooobobobgoooooon
OoOoooooobskvOoooooooooooo
gboboboboooobobobgoooooon
gboboboboooobobobgoooooon
gboboboboooobobobgoooooon
gboboboboooobobobgoooooon
gboboboboooobobobgoooooon
gboboboboooobobobgooooobon
gboboboboooobobobooooooo
gboboboboooobobobooooooo

gobooboobooboobooboobobooon

gboboboboooobobobooooooo
gbooboboboooobobobgooooooo
gbooboboboooobobobgooooooo
gboobobobooooobobobooboon

340000000

gbobooooboboboooobobono

[husi- AL-P2 s

= o o
— 12 :, Filier: Standard -
i wh ™ —— ¥
E i 5 B
= 8 ol 2
2 - 4 S
z N
5 5 3
- b !
o I's
I . 1l
| 2 '
Times of peverss gl
Fig. 11 Weight and specific charge of dust with

respect to reverse jet cycle.
gogobooobobooooooooooo
gogd

gbooboboboooboobobobooooobon
gbooooboooboobooboboobdAL-P2
OO0b0O000D0FrRgA1000000DOOOO0O0OD
gboobobobooobooboboboooobob
gboobobobobobob2000000D0OD
gbooboboboooboobobobooooobon
goboobooboooboobooobooooboon
gboobobobooobooboboboooobob
gbooboboboooboobobobooooobon
gbooboboboooboobobobooooobon
gbooboboooooobon

Fig. 12 A spark from charged stained bag-filter0 AL-
A, 16kV, 0.2u CO
OO0ooO0ooooooooOooood



_ 80 — 000000000000NIS-RR-20030 20040
0.2 A/div., 50 ns/div. 0.02 A/div., 100 ns/div. |

/ [II "'\ﬂﬁ L ’"ﬂ"‘ "u”*‘*“"i

| .l' " Il H

* l]|| " VT Anfpnm il r*wr1'|| |.-' "',l i

» [T : F 3 -[ I
h | - Ground Ground |

El OV W Shons Chi & T58V I Euav B T }.H"ﬂ‘:

O a0 Standard typed 10kVO
Fig. 13

0 b0 Mix typeld 10kVO

Wave profile of discharge current from charged filter with aluminum dust.

0000000000000 O00O0oOo0bobO0magooombooonO

35 0b00bgoooooooo

Table2 OOOO0OOOOO0ODOOOOODOOO
gboobooooboboboooooobobon
gobobgoooobobobooooooboobgon
gobboobobooobmobooobboogn
gboobgoooobobobooooooboobon
gbooboooobobobobooooobobgon
gbooboooobobobobooooobobgon
gbooboooobobobobooooobobgon
gbooboooobobobobooooobobgon
gboobgoooobobobooooooboobgon
0boo0booboobo0oo0o0oO0OoAL-P2OAL-ADODODO
goboboooobobobobooooobobgon
goboboooobobobobooooobobgon
goboboooobobobobooooobobgon
00000000 OFig. 7

goboboooobooobboooobboooobobo
gogozlooovooooobgoon26cQbonogn
gooobobooobooboboonb 26QbOn
gboboooobobobooooooboobgn
goooooQUiibO0oOoonooOOoOoOonOOilekvy
gobobooooboboboboooboobobgn
gobobooooboboboboooboobobgn
oboolommOOO0O0ODODO 3kvOOOOOO
goboboooobobobooooooboobgn
goboboooobobobooooooboobgn
gbobooooobobobooooobon

gbobobooooobooboboobooboooDo
gboooboobOoObAL-AD00D00ObOO0OO0bOoDO
goobboooooboboooobD 2emddng 2
ooooooz2oMQUOI0000ODO16kvOOODODODO
goboooobbooobbooobbooboboo
AL-A000D0O0O000D0ODOOO0O0DbOOooooDn
gboobooobooboboboooooobobon
gboobooobooboboboooooobobon
gboobooobooboboboooooobobon
gboobooobooboboboooooobobon
gboooooboobooboon

U0DO0AL-P2ODOO0O0OODOOODODOODOO
gooboooboobobob zemdb200000
gzoMmQUOODOOOODOAL-ADODODOOOODO
goobooobooboboboooobobobon
ooboooooooooooooooboboskvObooO
gbooboooboobobobooooboboboon
ooboooboOo0oooOoobOrg.1200000D0O
O00O000D00Fig.1BaM@pb@Ooooooon
gooboobooboboboooobooboboon
gooboobooboboboooobooboboon
gooboobooboboboooobooboboon
gobobooobooboboboooobooboboon
gobobooobooboboboooobooboboon
goobooobooboboboooobobooboon
gobobooobooboboboooobooboboon
OO0o00o0o0oOooOOoDbDOobOobOOlekvOODOo0.2p
coooobOogreevuuibOoOooooOlemiod
gooobooboboobooboboboooMan



ooooooooooooooooooooooooOoobooog™

gobooobbooobbooobooobobon
0000000 00ooooooooogo*™™moooon
gobooobbooobbooobooobobon
obooboboooboboboooboobgono iMoo
oobooobooboooobD 3smiDbbbooboooogon
0000000D*000000000000oooon
gobooobbooobbooobooobboo
goboooobooobbooooboooon

4. 00O

gogbobooobooobobooobbooooo
gobooobbooobboooboooboboo
gobooobbooobboooboooboboo
gooogn
giboggoboogobooobobooooboooobo
gbooboobobobobooooooobobon
goooooboboooboooboobooooo
gooobooooboooboboooobooooo
ogooobbAL-ADD0O00O0Oooooo
00000007 C/kgDODOODDOOODOD
gooooobobooobooobobooooo
gooooobobooobooobobooooo
gooooooogod
g200dobogobooobobooobooooo
gooooobobooobooobobooooo
gooooobobooobooobobooooo
goboobooobooobooobooobogoobo
g3agbobobgboobooooobobobobon
gbobgoooooo
4000000000000 00Db0bO0bOObOn
gboboboooobooboboboooooo
gboobgooboooboooon

go

gooooobobooobboooboboomuoon
gboboboboooobobobgoooooo
gboboboboooobobobgoooooo

goboooopoobooobbooobboobobod
goboooopoobooobbooobboobobod
goboboooon

gooo

100oooooobooboooooooooooa
goooooooooooooooboobogo
0000 OVol.26, pp.153-15901 198701

2000 0000000000000 00oO0ooOon
gooooooooooooooboooogo
0 000 Vol.13, pp.37-440 198901

300000000 oooooobooooooonn
000000 Vol.10, pp.315-31801 198601

000000000000 O00O00bO0ooOooooan
gdodgdzeo00b0100ddooooooon
0 O O pp.15-240 20020

500 Matsuda T., Yamaguma M. Tantalum dust defla-
gration in a bag filter dust-collecting device, J.
of Hazardous Materials, A77, pp.33-420 20000]

6000000000000 O0Oo0oOoooOoOoooa
00000000000D000ONIS-TR-No.36
0199901

0000000000 ooooooboodRIIS-
TR-87-100 19880

800 Tabata Y.O Electrostatic properties of antistatic
cloth woven partly with electrically conductive
fibers, Conf. Rec. IEEE Ind. Appl. Conf., Vol.
21, pp.1370-13740 198601

90 Kodama T., Yamaguma M., Tabata Y., Kamachi
S.0 Safety evaluation of anti-static flexible inter-
mediate bulk container having non-conductive
inner bag,, J. of Electrostatics, Vol. 400 41,
pp.541-5460 199701

o0000000ooooooooooooooood

O0000oooomoooono1997d

gbois0d1202e0000



