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Abstract. The paper deals with the assessment of the electrostatic ignition hazards
when flammable gases, liquids or powders are handled and processed in industry. It
reviews the present state of knowledge in this field based on information available
from literature, codes of practice and guidelines. In a short introduction the
prerequisites for the ignition of a flammable atmosphere are described. The steps
from charge separation to ignition of flammable atmospheres by discharges are
outlined and the different types and incendivities of electrostatic discharges
occurring in practice are discussed. Associated with the different flammable
substances such as gases, liquids and powders and with the typical operations
performed with these substances in industry, the electrostatic ignition hazards are
reviewed. In addition the electrostatic hazards related to the different types of FIBCs
are highlighted.
.

1

INTRODUCTION

Build-up of static electricity is intrinsically related with most industrial processes. Static
electricity may cause nuisance or damage and it may represent a fire or explosion
hazard when flammable gases, liquids and powders are handled. Thus, it is of great
concern in chemical, plastics, pharmaceutical, foodstuff, printing and paint
industries. The decisive factor for assessing the risk of accidents due to static
electricity is the probability of coincidence in space and time between a flammable
atmosphere and a high level of charge accumulation. The probability of a
coincidence of this kind is greatest when the handling of a product gives rise both to
high electrostatic charge densities and to a flammable atmosphere. This is especially
true when dealing with flammable, non-conducting liquids such as fuels and apolar
solvents or with flammable substances in powder form. Ignition sources may occur in
practice due to human errors, technical malfunctions or they are intrinsically related
to a process. In contrast to most types of other ignition sources static electricity
belongs to all categories. Therefore, it is considered to be the ignition source least
amenable to control.
Fires and explosions attributed to static electricity have ranged from filling a plastic
bucket with toluene, washing of cargo tanks of 200,000 tons oil tankers to the transfer
of combustible powder into large silos. Typical other accident reports include the
filling of dryers with solvent wet powders and emptying intermediate flexible bulk
containers filled with flammable powder.
The reports of phenomena due to static electricity date back to the 6th century BC
when the ancient philosopher and scientist Thales of Milet observed the attraction
and repulsion between amber and light particles. In the last centuries these
phenomena have been shown on market places, in saloons and clubs for the
amusement and amazement of people. With the industrialization and the frequent
use of petroleum products in the present century the phenomena of static electricity
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became more frequent and obvious. Industry and academia started to investigate
these phenomena. This research resulted in industry based (1-5), national and
international (6-9) guidance to industry on safe manufacturing practices.
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SYSTEMATIC APPROACH TO THE ASSESSMENT OF ELECTROSTATIC IGNITION
HAZARDS

For every assessment of an electrostatic ignition hazard the scheme shown in Figure
1 is extremely helpful. In all cases where a fire or explosion in industrial environments is
caused by static electricity, the sequence of events passes through the same stages.
These stages are shown in Figure 1. Though the scheme looks rather trivial at first sight,
it is not always easy to localize each step within the diagram for a given process with
respect to space and time. Of course, it often happens that several steps occur
simultaneously. For example the level of charge accumulation is determined by the
equilibrium between both the rate of charge separation and the rate of charge
dissipation.
Charge Separation

Charge Accumulation on
Installation

Charge Accumulation on
Product

Fig.1: Scheme showing
the different steps from
charge
build-up
to
ignition

Charge
separation
may occur if two
surfaces which are in
contact
with
each
other are separated. If
Discharge from
Discharge from
the
mechanical
Installation
Product
separation process is
Explosible Atmosphere
fast enough compared
to the mobility of the
Ignition
Ignition
charge carriers, the
surfaces are charged
after separation. In other words, there is a separation of positive and negative
charge carriers underlying every charging process. In practice this means that
charge build-up has to be expected after every separation of two surfaces of
different material when at least one surface is electrically insulating. Apart from
mechanical separation, there exists another charging mechanism that is called
"electrical induction". It occurs when a conducting surface becomes exposed to an
electric field generated by any charge accumulation.
Charge Release to
Earth

Charge Release to
Earth

Surface contact, separation and movement involving poorly conducting materials
are an intrinsic feature of many industrial processes. Examples are the flow or filtration
of high resistivity liquids, the movement of powders in grinding, blending or sieving
operations, the pneumatic transfer of powders, the movement of people or vehicles
along insulating floors and the movement of transmission belting or other forms of
sheet materials over pulleys or rollers. In these or similar processes static electricity
can and does occur. It must be kept in mind that in all these processes always both
surfaces in contact become charged after separation. When products are handled
and processed within any kind of equipment, this means that both, the equipment
and the product may become charged, as indicated in Figure 1. This fact has to be
considered in every assessment of electrostatic hazards.
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Charge separation does not, of itself, automatically lead to a hazardous situation.
The amount of charge accumulation represents the decisive factor. This is determined by the rate of charge separation and charge dissipation. In practice,
charge may accumulate on electrically insulated conductors, on insulating surfaces
or on highly insulating products such as, e.g., hydrocarbon liquids or polymeric
powders or on dust clouds and mists.
Fortunately charge dissipation occurs already at relatively high resistances to earth.
The electric currents that usually occur in practice due to separation processes are
very small. Typical values are 10-6 A or less. Under extreme conditions, values up to 104
A may be reached. For such low charging currents leakage of charge via
resistances to earth in the range of 106 to 108 Ohm is sufficient to prevent a hazardous
level of charge accumulation. However, it must be kept in mind that the use of high
resistivity plastic materials such as polyethylene, polypropylene, etc., or of apolar liquids such as kerosene, hexane, toluene, etc., leads to resistances to earth far above
this order of magnitude.
If the accumulation of charges always grows higher, the resulting electric field in the
air may reach its limit value. This limit value is also called the dielectric strength of air.
Under normal conditions it amounts to about 3 MV/m. At this limit a so called
discharge may occur. The total or only part of the energy stored in the charge
accumulation may be released in such a discharge forming a hot discharge
channel that may ignite a given flammable atmosphere.
The energy released in the discharge and the sensitivity of a given flammable
atmosphere measured in terms of its minimum ignition energy determine whether
ignition will occur or not. The assessment of the occurrence and incendivity of
discharges in different situations in practice represents the most important but also
the most difficult step in the analysis of electrostatic hazards. Because of the difficulty
to predict the occurrence and incendivity of discharges in industry by the laws of
plasma physics a more or less phenomenological approach is commonly used. The
discharges occurring in practice are classified into different discharge types. These
types of discharges have different incendivities. The electrical properties of the
products and installations, their geometrical arrangement and the operation
determine which discharge type will occur in a given situation. The basic principles
and typical examples are given in the following paragraphs. In addition, safety
measures are described by which these discharges can be excluded. More details
can be taken from different text books (10-12), codes of practice and guidelines (59).
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DISCHARGES - OCCURRENCE, INCENDIVITY AND EXCLUSION

Every assessment of an ignition probability is based on a comparison of the igniting
power (incendivity) of an electrostatic discharge with the sensitivity of the flammable
atmosphere. In a first approximation the incendivity of a discharge has so far been
estimated by its total energy and the ignition probability assessed by comparing this
total energy with the minimum ignition energy of a flammable atmosphere
determined with a spark discharge from a capacitive circuit. The first problem which
arises in such an approach is the calculation of the energy of the discharge which is
far from being trivial for most discharges other than sparks. In addition, due to the
complexity of the ignition mechanisms this approach is too simplified, since the
incendivity of a discharge depends not only upon its total energy but also upon the
energy distribution with respect to space and time. This spatial power density varies
widely among the different discharge types. Due to these problems energy released
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in a discharge is best determined in ignition tests with flammable atmospheres. The
energy determined in this way is called equivalent energy of the discharge and is
defined as follows: A discharge has the equivalent energy W if it is just able to ignite
a flammable mixture with a minimum ignition energy W, as determined with
capacitor spark discharges.

3.1

DISCHARGES FROM ISOLATED CONDUCTORS

3.1.1

SPARK DISCHARGES

Spark discharges occur between two conductors at different potential as soon as
the electrical field in the gap reaches the breakdown value of about 3 MV/m at
atmospheric conditions. In practice one of these conductors (including personnel)
reaches a high potential since it is not connected to earth. Nearly the total energy
stored in such systems (capacitors) is released in a single spark which generates a
single discharge channel of rather high current density.. Therefore, these discharges
are rather incendive and their energy release can simply be calculated by the
energy stored on the capacitor.
Due to the increasing use of non conducting plastics in the construction of
apparatus and equipment the probability that part of the system is electrically
insulated from earth becomes always higher. Charge build-up on isolated
conductors is responsible for the majority of all ignitions of flammable atmospheres in
industry caused by static electricity. Typical examples are:
• Metal funnel mounted on top of a plastics pipe
• Ball valve with the metal ball isolated from the pipe of the valve by an insulating
coating
• Piece of metal pipe insulated from earth by non-conducting gaskets
• Metal drum on a trolley with insulating tyres
• Metal shovel hold by an operator wearing insulating gloves
• Human body insulated from earth via insulating shoes and/or insulating floor
• Metal powder collected in a bin made from plastics
• Conducting liquid filled into a drum with non-conducting internal coating.
In all cases mentioned above, a so called spark discharge may occur as soon as the
voltage becomes sufficiently high and an appropriate gap to a conducting earthed
object exists. The energy W of such a spark discharge is calculated by the formula

W=

1
CU 2
2

(1)

C is the capacitance of the electrically insulated object and U its voltage. The
energy obtained from formula (1) must be compared to the minimum ignition
energy (measured without an additional inductance in the discharge circuit) of the
flammable atmosphere in question to assess the ignition hazard. In principle gases,
vapors and dust clouds can be ignited by spark discharges. The measures described
in the following have therefore to be applied in areas where flammable
atmospheres formed by these substances have to be expected.
Theoretically spark discharges can easily be excluded by earthing all conductors.
Practical experience shows however, that earthing of all conductors is difficult to
ensure in practice. Earthing can often only be achieved by organizational measures
(the operator must be aware that it is necessary to earth containers, etc.) and, if
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conducting and non-conducting materials are used for construction, the chance of
overlooking an isolated conductor is high. Therefore, adequate training of personnel
and the exclusive use of conducting material for the construction of apparatus and
equipment are important prerequisites for the exclusion of spark discharges.
It is commonly agreed (5-9) that a resistance to earth of less than 106 Ohm is
generally sufficient in the case of equipment and 108 Ohm in the case of personnel
to avoid spark discharges. In the plant it is of course reasonable to insist on much
lower values for the resistance to earth of equipment if earthing is achieved by
metallic connections. If in these cases the resistance amounts to several orders of
magnitude the connection to earth is defective and may exceed the critical value
of 106 Ohm at any time.
3.2

DISCHARGES FROM INSULATING
INSULATING POWDERS

SURFACES,

INSULATING

LIQUIDS

AND

If charges are arranged on non-conducting surfaces or within non conducting
products they cannot be released in a single spark discharge. The mobility of the
charges along the surface or through the volume is too low (if there exists any
mobility) compared to the duration of a spark discharge. Under these circumstances
three other discharge types may occur. Their occurrence depends on the
geometrical arrangement of the charges and the surroundings.
3.2.1

BRUSH AND CORONA DISCHARGES

If charges of one polarity are distributed on the surface or within the volume of
non-conducting material, so called corona or brush discharges may occur as soon
as an earthed conductive electrode is approached to the surface. The discharge
results from the distortion of the electric field. If at the surface of the electrode the
dielectric strength of air is reached (3 MV/m at atmospheric conditions) corona or
brush discharges will be initiated. An exact mathematical treatment for a special
arrangement of the field generating charges and of the electrode (cylindrical
symmetry) is given in ref. (12).
It depends on many parameters such as radius of curvature of the electrode, speed
at which the electrode is introduced into the electric field and polarity, whether a
corona or a brush type discharge will actually occur in such situations. In practice, it
can generally be assumed that only corona discharges occur if the radius of
curvature of the electrode is below about 0.5 mm. Ignition of flammable
atmospheres with a minimum ignition energy above 0.2 mJ by corona discharges
has not to be expected. If the radius of curvature of the electrode is larger than 5
mm brush discharges are more likely to occur.
With regard to hazard assessment in practice it should, in the sense of a worst case
consideration, always be assumed, that the more incendive (energetic) brush
discharges will occur.
In addition to the situation with a charged insulating surface, brush discharges may
always occur if an earthed conductive electrode is introduced into a high electric
field. The high electric field may result from a highly charged insulating liquid or
suspension, from a highly charged mist, from highly charged insulating powder in
bulk or from a highly charged dust cloud. In what follows, examples of plant
operations that are the most frequent sources of brush discharges are summarized:
• Approach of earthed conductive electrodes such as tools or a human finger tip
to highly charged insulating surfaces (e.g., plastic pipe for the conveyance of
liquids or dusts, plastic bags, common flexible intermediate bulk containers, plastic
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•
•
•
•
•

•

packing drums or filter cloths as well as film webs, non-conductive conveyor belts
or V-belts).
Discharging of solids from plastic bags, or shaking out of plastic bags in the vicinity
of metal fittings (e.g. above an access port of a reaction vessel).
Feeding of non-conductive liquids at high rate into a tank, approach of the
charged liquid surface to internal fittings which can act as electrodes.
Lowering of a conductive sampling baker onto a highly charged liquid surface for
the purpose of taking samples.
Projection of internal fittings into a highly charged dust cloud or a highly charged
droplet cloud.
Charging of non-conductive powder into packing drums, containers or silos,
approach of the highly charged dust fill to the internal fittings or lowering of a
conductive earthed sample baker for sampling or a level probe to determine the
level.
Projection of flagpoles, ship's masts, antennae or ice axes into powerful
atmospheric electric fields (St. Elmo`s fire during thunderstorms).

The characteristics and incendivity of brush discharges have been investigated by
different authors, see (13-16) for details. The values reported for the equivalent
energy have been determined with gas/air-mixtures and lie in the range of 1 to 3.6
mJ. The parameters affecting the incendivity of brush discharges are the radius of
curvature of the electrode, the polarity of the electric field and - if the electric field is
generated by a highly charged non-conducting surface - the surface charge
density and the area of the surface. Brush discharges from an earthed, metallic
electrode opposite to a negatively charged surface are by far more incendive than
from an electrode opposite to a positively charged surface.
On the basis of the values of the experimentally determined equivalent energy of
brush discharges, it is expected that most flammable gas or solvent vapor
atmospheres and hybrid mixtures can be ignited by brush discharges.
Although the minimum ignition energy of certain powders lie in the range of 1 to 10
mJ, no ignition of a dust cloud clearly caused by a brush discharge has yet been
reported. Experiments performed in the laboratory (13-16) have so far also shown
only negative results. Therefore, according to the present state of knowledge, brush
discharges are very unlikely to ignite pure dust clouds containing no flammable
gases and vapors.
In conclusion, brush discharges must be excluded in areas where flammable
atmospheres formed by flammable gases or vapors may be present (Zone 0 and 1).
Brush and corona discharges associated with installations, containers and packing
materials can be avoided by the use of conductive material or by a limitation of the
area of insulating surfaces as specified in the different codes of practice and
guidelines (6-8).
In this context the term "antistatic" is often used. In the German literature the
antistatic property of a surface is defined in terms of the surface resistance (6). If the
surface resistance lies below 1011 Ohm and above 108 Ohm neither brush nor spark
discharges have to be expected. Apart from the surface resistance, measurement
of charge decay times is also used to characterize the charge retention behavior of
non-conducting surfaces.
The incorporation of so called "antistatic additives" into the polymer is often used to
decrease the charge retention of non-conducting surfaces. In this way the surface

7
resistance can be reduced to the limits mentioned above. Problems associated with
this measure are that the antistatic effect depends on relative humidity of the
environment and that the antistatic additive may be absorbed by substances in
contact to the treated surface.
The incorporation of carbon black into the polymer may drastically increase the
conductivity (if sufficient carbon is added). Equipment made from such material is
conducting from the point of view of electrostatics and must be earthed in practice.
Because of the effect of electrical induction, brush discharges do not occur from
insulating coatings of conductive surfaces or from insulating walls having, at least on
one side, an antistatic treatment. This only applies if the thickness of the insulating
coating of the wall or the wall itself is not larger than a few millimeters. In these cases
the electric field is directed through the dielectric layer.
3.2.2

PROPAGATING BRUSH DISCHARGES

If the charges are not arranged in form of one single layer of one polarity on a
non-conducting surface but in form of a double layer of charges of opposite polarity
on the opposite surfaces of a non-conducting material in form of a sheet, propagating brush discharges may occur. The level to which a non-conducting surface
exposed to air can become charged in the form of a charge layer of one single
polarity is limited to about 2.7⋅10-5C/m2. At this value of the surface charge density the
field strength above the surface reaches the dielectric strength of the air and any
additional charges would initiate a discharge into the air. However, when a double
layer of charges of opposite polarity is generated across a non-conducting sheet of
limited thickness more charges can be placed on each surface. This is explained by
the fact that the electric field in the air due to one layer of charges is, to a certain
extent, compensated by the field of the other layer of charges. Clearly the electric
field across the non-conducting sheet will be very high. A quantitative treatment of
such double layers of charges across dielectric materials is found in ref. (12).
Propagating brush discharges are initiated by an electrical short circuit of the two
surfaces of the highly charged dielectric layer in form of a sheet. This electrical short
circuit can be achieved either externally by the approach of electrodes to the two
surfaces, or internally by a mechanical or electrical perforation of the dielectric
layer. The discharge pattern looks always the same: Many discharge channels
branch off to collect the charge from the entire surface. They all end in a bright
discharge channel at the location of the actual short circuit. This central discharge
channel bridges the gap between the approaching electrode and the insulating
surface in the case of an external short circuit, or runs through the perforated sheet
in the case of an internal short circuit.
For a long time it has been assumed that these discharges can only occur if one
surface of the insulating layer is in intimate contact with an earthed metallic plate. In
this case the second charge layer of opposite polarity is accomplished by the
induced charges on the metallic plate. It can, however, be demonstrated, by
spraying charges of opposite polarity to the two surfaces of a dielectric sheet, that
the metallic plate in intimate contact with one surface of the insulating sheet is not
essential for the build-up of the double layer. If a dielectric sheet in free space (e.g.,
the insulating wall of a container) becomes highly charged on one surface and the
electric field is mainly directed through the dielectric sheet towards earth, the other
surface of this sheet may become charged with charges of opposite polarity by
corona or brush discharges. Such a charging mechanism is observed, for example,
when filling an insulating container with highly charged polymeric powder.
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From practical experience and experimental evidence, it is generally agreed that
the high surface charge densities necessary for propagating brush discharges
cannot be achieved by separation processes in manual operations such as wiping
of insulating surfaces or discharging a powder from a plastic bag. Charging
mechanisms associated with high separation velocity are necessary to build up the
high surface charge densities necessary for propagating brush discharges. Such high
charge build-up may be observed during the following industrial operations:
• High velocity pneumatic transfer of powder through an insulating pipe or a
conductive pipe with an insulating internal coating.
• Use of inspection windows made from glass or Plexiglas in pneumatic transfer
pipes.
• High velocity transportation of a highly insulating suspension through an
insulating pipe or a conductive pipe with an insulating internal coating.
• Continuous impact of powder particles onto an insulating surface (e.g., a
coated dust deflector plate in the cyclone of a dust separator).
• Fast rotation of conveyor or transmission belts made from insulating material or
from conductive material which is coated with an insulating layer of high dielectric strength.
• Filling of large containers or silos made from insulating material (e.g., flexible
intermediate bulk containers) or of metallic containers or silos internally coated
with an insulating layer of high dielectric strength.
According to practical experience and experiments in the laboratory it is not
expected that layers of insulating powders that are, for example, formed in metallic
pipes during pneumatic transfer, or paints, will give rise to propagating brush
discharges.
The energy released in propagating brush discharges is high enough to ignite most
flammable gases and vapors and most combustible powders. Persons may suffer a
serious shock when the human body acts as the initiating electrode for such a
discharge. Propagating brush discharges must be excluded in areas where
flammable atmospheres formed by flammable gases or vapors or by combustible
powders may be present.
Propagating brush discharges can be excluded by the use of conductive materials
or insulating materials of low dielectric strength at all locations where the build-up of
high surface charge densities may occur. If the breakdown voltage across a
non-conducting layer or sheet is less than 4 kV, propagating brush discharges will not
occur.
3.2.3

CONE DISCHARGES

The phenomenon of discharges along the surface of highly charged bulked
polymeric granules which nowadays is called “cone discharges” is known since
about 20 years. First reports by Maurer and Blythe et al. (18,19) date back to 1979.
These discharges are caused by the extremely high electrical fields resulting from the
high space charge density which is generated when charged insulating particles are
accumulated in silos or containers. Model calculations have shown that conditions
necessary for the appearance of cone discharges do exist when filling silos with
highly insulating powders or granules. The discharges may already be initiated at a
low level of the charge to mass ratio of the incoming product (10-7 C/kg in the case
of a powder heap with radius 1 m) (20).
A comprehensive research project on the occurrence and incendivity of cone
discharges sponsored by German and Swiss chemical industries and other institutions
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has been performed. The results are published in numerous publications (21-25) and
in two final reports (26-27). For the investigation of the cone discharges a test rig with
a silo of 50 m3 volume was set up. Cone discharges could reproducibly be
generated in this silo. Special measuring techniques have been developed to
characterize the occurrence and the strength of the cone discharges. Successful
ignition tests with gases and powders have been performed. Based on these results a
formula for an estimation of the upper limit of the equivalent discharge energy of
cone discharges as a function of the silo diameter and of the median of the particle
size distribution of the powder forming the powder heap within the silo can be given.
This formula is

WAe = 5.22 ⋅ D3.36 ⋅ d 1.462
With

WAe:

Upper limit of equivalent energy of the cone discharge in mJ

D:

Diameter of the silo (metal and earthed) in m

d:

Median of the particle size distribution of the powder forming the

(1)

powder heap in mm
Based on the experimental data obtained in the research project mentioned above
including data from the literature, the limits of application of formula (1) are the
following: 0.5 m < D < 3.0 m and 0.8 mm < d < 3.0 mm
Recently measurements could be performed in a production site during normal
production. Highly insulating, non polymeric, fine (median = 0.1 mm) product was
filled into stainless steel silos by pneumatic transport (28). The results are in very good
agreement with the numeric formula (1). Therefore the particle size limit for the
application of formula (1) can be extended to :
0.5 m < D < 3.0 m

(2)

0.1 mm < d < 3.0 mm

(3)

This recent results clearly show that cone discharges may also be generated with
fine powder and not only with granules, as was previously assumed. Cone
discharges from fine powder have, however, much less energy compared to those
associated with granules. Figure 2 is derived from formula (1) and shows the
equivalent energy of cone discharges as a function of the silo diameter and the
median of the particle size of the product generating the cone discharges. It is now
possible to estimate the equivalent energy of cone discharges if the silo diameter
and the particle size of the product generating the cone discharges are known and
thus specify safe operating conditions. However, it is important to know that all
values of minimum ignition energy (MIE) referred to in this paper have been
determined with the commercially available apparatus Mike III using no additional
inductance in the discharge circuit.
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Fig.2: Upper limit of the equivalent energy of cone discharges as a function of the silo diameter and
the particle size

Whether cone discharges will occur at all depends on other parameters such as,
most importantly, on the resistivity of the bulk powder. Additional parameters are the
charge to mass ratio, the mass flow rate and the geometry of the heap and of the
silo.
Prevention of the accumulation of high charge levels on the product is the only
measure to exclude cone discharges. In general, this can only be achieved in a
reliable way by increasing the conductivity of the product. Such a treatment can,
however, rarely be applied, because it will drastically change the properties of the
product. Thus, measures to exclude the flammable atmosphere (e.g. reduction of
oxygen) or measures of explosion protection of the equipment must be applied.
3.2.7

LIGHTING-LIKE-DISCHARGES

Before anything was known about cone discharges, the charged dust cloud was
considered to represent the major electrostatic hazard in silos. This speculation was
based on observations during the eruption of volcanoes, where lightning activity has
been observed in the ash and dust clouds. However, so far no lightning like activity
has been reported from industrial scale equipment. Systematic investigations with
highly charged dust clouds in a 60 m3 bunker also showed negative results (17). Thus,
it can be concluded that lightning-like discharges are very unlikely to occur in
industrial scale equipment.
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HANDLING AND PROCESSING OF LIQUIDS

Extensive knowledge is nowadays available with respect to the ignition risks due to
static electricity associated with the handling and processing of flammable liquids
based on research and experience from the petroleum and chemical industries.
The hazards associated with charge build-up on packages, containers, apparatus
and plant items have to be eliminated by an adequate choice of the material for
construction and by earthing and bonding all conductive parts (see also spark,
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brush and propagating brush discharges). In addition earthing of the personnel via
charge dissipative shoes and floors is mandatory.
The hazards associated with the charge on liquid products is given by the
equilibrium resulting from charge separation, charge accumulation and charge
dissipation (see Figure 1.) The parameters affecting this charge equilibrium state of
the liquid are manifold. A summary is given in Table 1.
Table 1: Parameters affecting the hazards associated with the charge on liquid products

Charge generation

Charge accumulation

Charge dissipation

process
• flowing
• flow velocity
• filters, valves, obstacles
• turbulence
• filling
• emptying
• stirring
• mixing
• sampling
• atomization
• liquid jet cleaning

•
•
•
•
•

• conductivity of the liquid
• conductivity of apparatus
• presence of liners or
coatings in pipes,
containers, etc.
• electrical connection to
earth

quantity
volume
geometry
charge to mass ratio
presence of electrodes
(intrusions such as level,
temperature, etc. sensors
influencing the electrical
field)

nature of liquid
• viscosity
• homogeneity
• suspension
• emulsion
• multiple phase

The most frequently applied measures to limit the charge accumulation on liquids to
a safe level are the increase of the conductivity in case of liquids with a very poor
conductivity such as e.g. the hydrocarbon liquids, or limiting the flow velocities of
liquids in pipes. In special situations in industry it is, however, not possible to limit the
charge accumulation on the liquid to a safe level. In these cases exclusion of the
flammable atmosphere with inert gas blanketing is required. A typical example of
this kind of situation is the handling and processing of multiple phase liquid systems of
poor conductivity.
It is strongly recommended to use guidance for the safe handling of flammable
liquids in different industrial situations. This guidance can be taken from the
comprehensive literature in this field (1-9) or in the form of expert advice.
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HANDLING AND PROCESSING OF POWDERS

Most organic and polymeric powders are poor conductors. Thus they may become
highly charged even when handled and processed in earthed metallic equipment.
For a long period of time the ignition sensitivity of powders in the form of dust clouds
with respect to electrostatic discharges has been underestimated. Therefore, in the
past the guidance given in the guidelines with respect to powders was rather poor.
A lot of new knowledge has, however, been collected during the last 10 to 15 years.
The most important parameters in every hazard assessment for powders are:
• Minimum ignition energy
• Resistivity of the powder in bulk
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• Particle size distribution
• Content of flammable solvent
Two important topics, the use of FIBCs and the occurrence and incendivity of cone
discharges are highlighted in this paper. General guidance can be taken from the
new CENELEC technical report (8). If large amounts of powders with a minimum
ignition energy less than 10mJ (measured in purely capacitive circuit) or powders in
the presence of flammable gases or vapors are processed expert advice is
recommended.
5.1

FLEXIBLE INTERMEDIATE BULK CONTAINERS (FIBCs)

FIBCs or Big Bags are now commonly used for the packaging and transport of
powder materials. Their construction, usually using a base fabric of insulating woven
polypropylene may introduce an electrostatic ignition risk and much work has been
carried out both to characterize the hazards associated with their use and also to
develop FIBCs which can be safely used in the presence of potentially flammable
atmospheres.
The initial work lead Maurer and co-workers in 1987 to propose a classification
scheme for the different types of FIBCs (29). This essentially divided FIBCs into three
types:
Type A which have no special safety precautions and are unsuitable for use with any
potentially flammable material;
Type B in which the FIBC wall fabric has a breakdown voltage of less than 4 kV in
order to prevent the occurrence of propagating brush discharges. These can be
used in the presence of potentially flammable dust atmospheres provided its ignition
energy is greater than ca. 3 mJ.
Type C which are constructed using a wall fabric which has a resistance to earth
from any location on the FIBC, including the slings, of less than 108Ω. Such FIBCs,
provided they are adequately earthed during use, are suitable for use in the
presence of any potentially flammable atmosphere, both dust and gas or vapor.
Experience has shown that standard FIBCs constructed using woven polypropylene
fabrics usually meet type B requirements provided any internal polyethylene coating
is thinner than 20 to 30 µm and provided no liner is used in combination with the FIBC.
In order to meet the requirements for type C, FIBCs are usually constructed either
from a fully conductive fabric or from a non-conductive fabric containing
interwoven conductive threads which are connected together and which then
have to be connected to earth. A further design involves the use of a nonconductive fabric coated with an internal conductive coating often of aluminum,
this can meet the requirements for type C provided the integrity of the coating and
its connection to earth can be ensured.
The need to ensure that type C FIBCs are adequately earthed during use and the
difficulty that this presents in practice is illustrated by a range of incidents, described
by Britton (30), which have occurred during powder handling operations involving
FIBCs.
An alternative design of FIBC, commonly called type D FIBC, involves the use of a
woven polypropylene fabric containing interwoven conductive threads that are not
connected together. It was believed that any charge build-up on such FIBCs would
be dissipated by corona discharge from the threads and the low capacitance of
the individual threads would prevent the occurrence of incendive discharges for all
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except the most sensitive flammable gas mixtures e.g. hydrogen/air. The antistatic
mechanism of such fabrics and the design criteria for FIBCs have been extensively
studied in the laboratory (31-32).
Full scale filling trials have been carried out to confirm the range of applicability of
such FIBCs. A "worst case" scenario was chosen for the tests in that the trials were
carried out by pneumatically filling the FIBCs with 3 mm polyethylene granules of
high resistivity to ensure a high rate of charge generation. In these trials ignition of a
flammable propane air atmosphere occurred (33)
In the meantime new fabrics for the construction of type D FIBCs have been
manufactured. In recent laboratory tests it was no longer possible to ignite a
flammable propane air atmosphere with discharges from the FIBC fabric itself (34). It
is however still possible to charge by electrical induction and corona spraying not
earthed objects or personnel close to the FIBC to such a level that incendive sparks
will occur.

6 CONCLUSIONS
Based on experience and industrial research the ignition hazards associated with
static electricity can nowadays be assessed rather well. The present knowledge in
this field is sufficient to prescribe safety measures for most common industrial
processes. It must, however, be kept in mind that electrostatic phenomena are
encountered so widely that it is not possible to cover all cases and that research in
the field continues providing new information. In addition, new processes are
developed, common processes are run under more hazardous conditions or
conflicts of interests do not allow a standard solution. Thus, there are and there will
be added in the future open questions concerning the assessment of electrostatic
ignition hazards.
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