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Electrostatic Ignition Hazards from Flexible
Intermediate Bulk Containers (FIBCSs)
with Materials of Minimum Ignition

Energies Down to 0.12 mJ

Graham L. Hearn

Abstract—The use of flexible intermediate bulk containers which potentially hazardous levels of electrostatic charge can be
(FIBCs), or “big bags” as they are commonly known, is becoming generated.

widespread in a variety of industries, including chemical, phar- 1 ;
maceutical, and foodstuffs. Typically, FIBCs, roughly cubic in When filling an FIBC, product transferred to the bag is often

shape and constructed from woven polypropylene, are used to IN @n electrostatically charged condition. Bulking the product
store and transport powdered or granular material in loads of Wwithin the bag can intensify the volume charge density, resulting
between 300-1000 kg. In many cases, FIBCs are used in thein a high electric field radiating from the bag walls. Emptying

vicinity of sensitive flammable atmospheres which may arise from product from the bag will also generate charge due to triboelec-

the presence of dispersed combustible dusts or solvent vapors., ... _.. - ;
Over the years, there have been a number of serious fires and trification (frictional charging) between the product and the bag

explosions (particularly during the discharging of the bag con- wall. Finally, cleaning, rubbing, or simply han_dling the outside_
tents) which have been attributed to static electricity. As a result, surface of the bag may generate relatively high levels of static
various “antistatic” FIBC designs have been produced containing charge.

intrinsic features aimed at minimizing the risk of electrostatic Once electrostatic charge has been generated or accumulated

ignition. This paper presents the results of a rigorous assessmentb f1h hani d ibed ab ituati .
of a variety of FIBC designs with regard to electrostatic ignition y any ofthe mechanisms described above, a situation can arise

hazard in flammable atmospheres of minimum ignition energy N Which discharges can occur.
0.12, 0.25, and 1.5 mJ. (The minimum ignition energy of methanol,  There are a number of different forms of electrostatic dis-
a common industrial solvent, is 0.14 mJ.) The study involved charge possible from standard FIBCs. These are as follows.
setting up a test rig to enable the FIBCs to be filled and emptied 1y ‘grsh Discharges:These are low-energy discrete elec-
under controlled conditions of relative humidity. During these L : . .
operations, the electrostatic activity in terms of surface potentials, trostatic discharges which can occur from '”Su'a“”g surfacgs
electric field, and electrostatic discharge energy was carefully Such as the bulked product or the bag wall. The maximum dis-
monitored. Incendiary discharges were quantified by using a charge energy is around 4 mJ.
calibrated propane/oxygen/nitrogen gas probe. The findings of  2) Cone DischargesThese can occur across the surface of
this paper indicate which of the designs can be safely used in yhe pylking material in the bag. Cone discharges can be more
various industrial processes without risk of ignition. . . L .
energetic than brush discharges and their limiting energy is de-
pendent on the dimensions of the bag being filled as well as the
particle size of the product. Pellets can produce cone discharges
of higher energy than fine powders.
I. INTRODUCTION 3) Propagating Brush DischargesThis type of discharge

OWDERED granular or pelleted materials can produd n occur when ions are created at powder bulking. Some of

large amounts of static electricity. Electrostatics is eseions are repelled tow_a rd the bag wall and can accumulate
surface phenomenon, and for a given mass of powder the t(; re, often causing opposite F:harge to appear on the outgr bag
surface area and, therefore, the propensity to generate and s?HFEace' Propagating brush dlscharges'ca.n have an equivalent
charge is very high. energy content of up to 1 J and can readily ignite solvent vapors

In industrial situations involving standard flexible intermefde powder clouds.

diate bulk containers (FIBCs), there are primarily three ways in pnder certain conditions, other electrostatic discharge mech-
anisms may also appear.
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and depending on their proximity to other grounded ob- i
jects could produce “secondary” spark discharges. (kW)

The energy stored on a conducting object depends on its ci 1 1
pacitance and the square of the voltage to which itis raised, an |, |
it is easy to envisage spark energies of a few tens of milliJoule | {
for conducting patches on insulating bags, people, and move *' | _
able objects in the area. il

If the bag receiving the powder is made from a conducting |
material which is connected to earth, then brush and propagatir ‘“‘5’1
brush discharges from the bag fabric are no longer possible. Ey ! | "*

ternal bag contamination and external object charging by induc |

tion are also no longer relevant. If the bag is not earthed or be Iype A [y Tvme D

comes disconnected from earth, then energetic spark discharg

can occur under certain conditions. Filling wilh PP pelies
When an FIBC is emptied, a process which could take a: l Rishhing surlicoe

little as 15 s, electrostatic charging mechanisms will agair AV Gorona source

be present. The bag walls—in particular, the bag cone ana
chute—can charge by triboelectrification, and the powder te@y. 1. Electrostatic potentials developed on FIBC surface by various
will acquire net charge, but only where individual particle§harge-generation mechanisms.
contact the bag.
If the powder was highly charged before emptying began, Ill. ELECTROSTATIC CHARGING OF FIBCS, SURFACE
then the removal of the powder (and charge) may expose an POTENTIALS, AND ELECTRIC FIELD
oppositely charged bag fabric—such charge being previously.l.
masked. This mechanism could apply both to conducting aggd
insulating FIBCs. X
as follows:
As a consequence of the above, a number of approaches have . ) L
been taken to reduce or eliminate the electrostatic hazard associl) corona discharge from an array of fine wire filaments

ated with the use of FIBC's in sensitive flammable atmospheres taken to—30 kV; the corona was applied to the outside
[1]-[3] of the bag;

2) rubbing the outer bag surface with a variety of fabrics;
3) filling the bag with electrostatically charged polypropy-
lene pellets via an industrial pneumatic conveying system.

hree methods of charging the sample bags were used in
er to obtain data on maximum surface potentials. They were

Il. SAMPLES UNDER TEST
A. Corona Charging

Fromthe point ofyiew of ele.ctrostaticignition hazard, FIBCS £4ch of the samples was in turn supported on a metal test
can be categorized into four distinct types by mode of constrygs e and corona was applied to the outer surface of the test
tion: samples using a voltage ef30 kV applied to an array (brush)

Type A which have no special safety precautions; of fine filaments. Electrostatic charge retained on the surface of

Type B where the wall fabric has a breakdown voltage efie bag was then quantified using a static monitor.

4 kV or less; In the case of the plain type-A bag (nonantistatic), this was
Type C having interconnected conductive threads an effective way of applying a high level of surface charge. The
fabric which are earthed,; type-D bag could also be effectively charged in this way when

Type D with conductive threads that are not intercorsupported in the test frame unearthed.
nected and, itis claimed, do not require earthing; In both cases, electrostatic discharges could be obtained
this type may also have a partially conductivérom the bag surface after the application of charge (see
coating. Sections llI-D).

During this study, electrostatic ignition tests were performed With the type-C bag, the electrostatic potentials developed
ontypes A, C, and D. The type-C bag tested here comprised amthe exterior surface were found to be relatively low and inde-
terconnected metallic threads spaced 15-20 mm apart. Previpesdent of the applied corona voltage. The corona charging test
tests had indicated that this design was safe for use in flammatuethe type C bag was extended to an applied voltage &0
atmospheres down to 0.25 mJ when earthed [4]. The type-D bagin order to fully evaluate this “self-limiting” property. Fig. 1
under test had also been subjected to electrostatic testing [5] ahdws the voltages developed on the bag surface. Despite ap-
was claimed by the manufacturer to be safe for use in such plying a 60-kV corona voltage, the surface potential was limited
mospheresvithoutan applied earth. to around 1.5 kV. No electrostatic discharges could be obtained

The tests performed are detailed in the following sections af any time with the grounded type-C bag.
the paper. Conclusions from this study as to the suitability of This self-limiting of the FIBC’s surface potential during
the bags for various sensitive flammable environments are atswona charging was almost certainly due to the ionic current
given. from the corona source flowing directly to the conductive
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threads in the bag weave. It illustrates that corona chargingtlie bag surface, the total charge transferred was recorded via a
not a suitable method of simulating the electrostatic chargiegpacitor and high impedance buffer onto a digital storage os-
of the bag in use since both the rubbing and filling operatiordloscope.
produced significantly higher potentials (as indicated below). A rough equivalent in terms of discharge energy was then ob-
tained from the empirical relationship determined by Gbal.
and Gibsoret al.[6], [7]. This equivalent energy value was com-
pared to the minimum ignition energy of the flammable atmos-
Fig. 1 also shows how the grounded type-C bag can acqupieere being considered.
electrostatic charge by vigorous rubbing of the outer surfacewith the grounded type-C bag samples, no discharges were
using a variety of textiles. In this case, surface potentials of @ghieved during the corona charging and rubbing trials. The
to 6.3 kV could be produced (with a 50/50 acrylic—cotton clothpellet filling trials, however, did produce some intermittent
The values of potential obtained during this trial were found terush discharges of very low energy in the range 5-15 nC,
be dependent on the bag type, which part of the bag was rubbegliivalent to an energy content of less than 0.1 mJ.
and the textile material used in the rubbing operation. No elec-The type-D bag produced significantly more energetic dis-
trostatic discharges were obtained with the grounded type-C lggarges ranging from maxima of 60 nC in the rubbing trials
as a result of charging in this way. to 300 nC in the filling trials. These charge transfer values are
As expected, the plain polypropylene bag (type A) could kequivalent to around 0.3-3.0 mJ of energy.
charged to a considerably higher level of around 35 kV by this This level of discharge energy would normally be sufficient
method. The unearthed type-D bag could also be highly chargedgnite many hydrocarbon vapors and perhaps even sensitive
by rubbing the outer surface, resulting in potentials as high dssts. The nature of the discharge from the type-D bag under
20 kV. test, however, was observed to be relatively slow, with arise time
It is considered that rubbing the bag material in this way imeasured at around 30 ms. The increased discharge time was
a more efficient charge generator than a corona source, pdue to the partial conductivity of the bag surface. As to whether
ticularly in the case of the grounded type-C bags. Rubbing tifese discharges constitute an ignition hazard was answered in
the surface enables electrostatic charge to be produced onttigeignition trials which are detailed in the next section of this
bag material between the conductive threads, whereas corpager.
ions tend to be deflected away from these regions directly to theThe type-A bags produced energetic discharges with all three
threads and then to earth. charging methods. During the pellet filling trials, electrostatic
charge transfers of as high as 400 nC were recorded.

B. Electrostatic Charge Generated by Rubbing

C. Filling the Bags with Polypropylene Pellets

Here, the bags were suspended and filled with 4-mm-diam- IV. GAS IGNITION TESTS
eter polypropylene pellets via a pneumatic conveying SyStemIgnition trials using a “gas probe” were performed under
at an industrial test site. As each pellet carries an electrost j)cntrolled humidity conditions by erecting a tented enclosure
charge which builds up as the pellets are bulked together in und the FIBC and pneumatic conveying rig and incor-
bag, this process is an efficient way of generating charge and

Its | v hiah surf e istatic b %?ating an industrial dehumidifier unit. In this regime, the
sults in extremely high surface potentials on nonantistatic bagg;. i e humidity was maintained at 38%—45%.

The earthed type-C bag performed extremely well in theseThe gas probe comprises an acrylic tube terminating in a

trials, giving surface potentials during and after filling of up tQhamber filled with small polypropylene beads. An earthed
around 3.8 kV (see Fig. 1). metal ball electrode of 15.8-mm diameter is mounted such that

The_plain polypropylene type-A bag gave very high surfaqus“ghﬂy protrudes from the chamber. A propane—air mixture
potentials of the order-100 kV or greater. The unearthedg foq ip along the tube to the vicinity of the electrode. Elec-

type-D bag also gave similarly.high potentials of arou@O trostatic discharges are promoted from the bag to the electrode
kV. Types A and D both gave rise to numerous energetic brugh) \he approaching probe. If the discharge energy exceeds the

discharges during these tests. minimum ignition energy of the localized gas mixture, ignition

may result.
D. Electrostatic Charge Transfer from Brush Discharges from The most sensitive propane—air mixture that can be ignited
the Bag Surface with an electrostatic discharge is around 0.25 mJ [8]. In order

M fthe el ic ch ¢ di to achieve lower ignition energies, for example, 0.12 mJ, it is
easurement of the electrostatic charge transferred in a Spﬁg&essary to increase the concentration of oxygen relative to the

or brush discharge (in nanoCoulombs) is an established teSﬂﬁer gases
nigue which gives an indication of the incendivity of the dis- For a flammable atmosphere of 0.25 mJ the relative gas pro-

charge. portions by volume are as follows:
With the bag samples under test charged by the methods de-

scribed in Sections 1lI-A-llI-C, electrostatic discharges were

promoted from the outer surface of the bag by an approaching propane concentration = 5.5%
probe incorporating a 15-mm-diameter ball electrode held at oxygen concentration 19.8%
virtual earth. In the event of a discharge to the electrode from nitrogen concentration =  74.7%.
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TABLE |
SUMMARY OF BAG PERFORMANCE INRESPECT TOELECTROSTATIC DISCHARGE AND IGNITION

F1BL Idescription Maxinum discharge' (nl) s probe ignition (kag Chas proba igrstien §isalaie] metal)
wifl
Corarm Eubkaing Filling 025 il 0012 ml 1.5 ml 025 ml k132 sl
Iyvpe A Main pobproplomo weaye - TR TES bl
| rr=anhiglabe
Tpms & Polypropy lene weave with garthed 0 1] 112 (1] 15] T 1] A
ilerenaiecial meal thremd |
Ty [ Foliypriey lene wedve with miin- 121 1] 1]} [i11] WiES Vi Vi VS
grounded comduciive threeds and
paritally sunthisiive coeling |

Soafer U harge transiemed meleoonamniic demarge rom bag surinoe for the theee .JI:.'F A gemerat nn mechanisms
“Melrial cp restng g I'.ll_.l wirface. Cppoilancs

IS Tl SMrLE D eed |

e e s

Doy = i iy el i

In order to obtain a mixture with a minimum ignition energycharges influenced by the potential and electric field from the
of below 0.25 mJ, it is necessary to increase the ratios of batkternal bag surface was also investigated.

the oxygen and the propane to the total mixture. These tests involved using the gas probe to measure spark
For a flammable atmosphere of 0.10-0.12 mJ, the relative gasendivity both directly from the bag and from secondary dis-
proportions by volume are as follows: charges from a small metal clip measuring just a few square

centimeters in contact with the bag.
In the case of the type-C bag, maximum potentials recorded

propane concentrqtion = 6.5% on the outer surface of the bag reache?l2 kV. There were no
oxygen concentration = 24.5% gas probe ignitions at 0.12 mJ from the bag surface during any
nitrogen concentration = 69.0%. of the bag filling or emptying operations.

L . . The type-D bag produced potentials of around 100 kV during

The ignition tests performed were undertaken with gas Migeh fijling and emptying and produced one gas probe ignition at
tures of ignition energies 0.25 mJ (standard propane-air My 5 m 5 girectly from the bag surface. No direct ignitions were
ture) and 0.12 mJ (oxygenated propane—air). produced at 0.25 mJ.

Priolr to .the electrostatic ignition tests on the FIBCs at thg Gas-probe ignition tests obtained from discharges from the
lower ignition energy level of 0.12 mJ, the gas probe was calig || metal clip in contact with the external bag surface pro-
brated using a low-energy precision spark generator specificaiyced no ignitions at 0.12 mJ from the type-C bag. With the
designed for this project. , type-D bag, however, numerous ignitions were obtained with

Using this generator, it was possible to produce electrostafif, 9 25 mJ gas mixture during both bag filling and emptying
discharges from a fraction of a milliJoule up to 1.5 mJ in energyyarations.
content. Care was taken to adopt a discharging potential highas 4 result of these findings, further ignition tests were un-
enough to avoid quenching effects between the spark genergigfiaken on the type-D bag with a desensitized gas mixture. By
and the gas probe electrode. Using the gas mixture prescribedcing the propane content in air from 5.5% to 3.3%, a gas
for a flammable atmosphere of 0.10-0.12 mJ, it was possiBigtre of minimum ignition energy 1.5 mJ was produced. This
to obtain ignitions down to energy levels of 0.12 mJ dischargg,s checked using the calibrated spark gap as earlier described.
from the spark generator. Despite this relatively high ignition energy, ignitions could still

The test procedure on the bags was as follows. be obtained from the clip when resting against the surface of the

1) The bag was filled with 4-mm-diameter chargedype-D bag.

polypropylene pellets using a pneumatic conveying It was not possible to extend the ignition trials to encompass

system. spark energy levels in excess of 1.5 mJ as there was no means
2) The gas ignition probe was presented to the outer surfagfecalibrating the gas probe at higher ignition energy levels. A
of the bag. calculation of available spark energy from the clip is possible,
3) A minimum of 20 approaches of the probe were made tmwever, by taking into account the clip capacitance (4 pF) and
different points on the bag surface. the bag voltage~+£100 kV). This gives a spark energy value
4) All ignition events were recorded. of around 20 mJ for the type-D bag. The same calculation for

In the case of the type-C bags, all samples were earthedtas type-C bag yields a spark energy of 0.08 mJ (based on a
required in normal use. The type-D bags were not earthed. maximum recorded voltage of 6.3 kV during the rubbing trials).

In addition to direct electrostatic discharges from the bag The results from the gas ignition trials are tabulated together
surface itself, the phenomenon of secondary electrostatic dis-Table I.
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V. SUMMARY OF RESULTS AND CONCLUSIONS dures are applied in environments containing flammable atmo-
FROM THE STUDY spheres. Despite its small size, such an object can theoretically,

When considering the hazard due to electrostatic dischariééhe case of the unearthed bag, prodL_Jce an electrostaﬁc spark
directly from the external surface of an FIBC, the results fro Ischarge of up to 20 mJ. A spark of this energy can ignite vir-

this study have corroborated earlier findings on the type-C b%ally all flammqble hydrocarbon vapors and gases and many
by demonstrating its safe use with materials and atmosphe? qmon industrial dusts, such as powder coatings, metal pow-
exhibiting an ignition energy of 0.25 mJ or greater. In additiorg,ers’ and some foodstuffs [9].

the study has also demonstrated that this type of bag is an ap-
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