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THE FIRE HLZARD CRELTED BY STATIC FIECTRICITY

by
J. H. McGuire

1. Introduction

Wnilst the scope of this note is confined to the fire hazard
creuted by static electricity, the importance it has assumed in industry
frobably arises principally as a result of the nuisance it causes, In
the texiile industry for example the charge generated on fibres
resnlts in mutual repulsionsand attractlons and interferes with weaving
and spinning operations, Static also affects processes in which
small. 1ight objects are being picked up and moved about and it may
min the processing of a film by giving risc to discharges which fog
the film,

An indication of the fire hazard resulting from any particular
process or phenomenon can often be obtained from the statistios of
the incidence of fires reported to fire brigades in the United Kingdom,
and tne fipgures referring to static elcctricity as a cause of fire
are given in Lppendix I, The number of fire reports associated with
*his cause is smll but should, in this case, not be taken as a true
indication of the importance of the hazard for the following reasons:-

(1} In many industrial processes, involving flammable vapours,
fires due to static ocour frequently and are dealt with
internally without the fire bripade being notified.

(2) The low incidence of reports of fires duc to static is
probably due in no small measure to the stringent precautions
already adopted to eliminate static both because it 1s
known to be a fire hazard and because of the nulsance it
creates, The expense thereby incurred in combatting statio
is an important consideration but is outside the scope

-of this note,

(3) A dischargc of static when 1t does oceur often results
in an explosion with the attendant risk of casualties,

This note is largely concerned with the generation of static
clectricity, the nature of the fire hazard it creates, together with
examples, and the methods by which charges are safely dissipated.

2, The pgeneration of gtatic electricity

The generntion of static charge is cessentially a surface phenomenon
assucintcl with the separation of two surfaces, It may be interpreted as
a contact ogential effect resulting from the transfer of electrons or
2ven lons from one surface to another in contact with it,

The order and sign of the charpge generated is dependent on the
rollowing factors:=



(1) The areas of surface. intimately in contact.

This only affccts the magnitude and not the sign of the
charge gencrated. It is of great importance, however, since
static is o surface phenomenon and the areas coming into
intimate contact in practical conditions are very dependent
on the nature of the surfaces and on the pressure between them (2).

(2) The combination of materials involved,

fittempts have been made to list materials -in a sequence so
that, for any combination, the one appearing earlier in the list
will always be charged positively, Different workcrs have produced
contradictory lists and this has raise? Fho question of whether
such a scsquence oxigts, Shaw and Jex claim, for example, that
it is imposeible to derive one simple sequence covering all
materials but that, within any one olass of materials c.g. glasses,
mctals, or textiles, such & sequence might be & reality, It may
well be that experimental work has not yet produced the correct
~eries becruse other factors such ag friction and surface iMPUfigles
ave influenced measurements. As recently as 1954 Trinchieri
heg put forward an clectrostatlc series,

%) Temperature differences between the surfaoces,

It has been demonstrated that static charges can be produced
when two samples of the same mterial are rubbed fogether so that
different areas of the two surfaces are involved, Henry (5) reached
the conclusion that the charge separation.is a kinetic effect
analogous to the thermal diffusion of gas molecules through a porous
plug from the hot to the cold side of a container. He attributes

....the charge scparation to the thermal gradient across the interface.
The writer secs no reason however why this cffect and the effect of
using different materials should not be grouped together. Charged
particles, either clectrons or ions, will pass between one surface
and the other and the net transfor will be dependent on.the relative
densitics of charged particles on the two surfaces and on the energy
potentials of the particles. The speecial effects of temperature
‘gradients then gtand in reclation to the rest of static phenomena
as do thermo electric effects to contact potential.=*

.(4) Thc state of. strain of the two surfaces.

The theory that the state of strain of thé surfaces influence? :
the gén?rﬁtion of static electricity has becn put forward by Shaw )
Henry; . however, says that the effeccts attributed to strain might
well have been duc to extrancous temperature gradients, It vould be
intercsting to compare the effects of strain claimed by ShaW'with
thﬂse on thc contnct potentials of metals,

The.partaplﬂyed by‘frlctlon, whlch subatantially influences the
generation of charge, 1s best interpreted in terms of its two secondary
effects, It substantinlly increases the arecas of surface coming into
intimate contact and oreates tcmperaturc differences between elcmcnts of
the. ugntacting surfaces. :

CREPS thiggnofe was preparcd Héﬁry‘(sg)_has contributed a paper to-the
Zurich Conference on Static Electricity in Textiles in which he illustratfes
the theories he has recently developed by describing a model on the above

lines.,



The above factors also govern the generation of charge at fluid-solid
or fluid~fluid interfaces excepting that where electrolytes are involved
the principal effect, as might be éxpected, occurs within the fluid on
the scparation of the flowing liquid and the fixed lamirar layer., ilork
on the electrification of fluids has been surveyed by Moore and Proudfoot(7).

Several theories have been put forward to explain the mechanism by
which statig charpe is generated an ave recently been revigwed by
F. L. Vick f 3 P, S. H. Henry ?9? ?153 i]gzsk'md"\f B, Gonsalvcs %lfs
who bhetween them give a total of scme seventy references.

7

e The discharge of stotic electricity

¥hen the potential at the surface of a body reaches a valuc such that the
dielectric field strength of ths surrounding medium is attained then a discharge
oceurs, Usually the surrounding medium is air and the limiting valuc of rhe
electriz ficld strength which can be attained is of the order of 30,000 volits

I-‘)r\r b | '\

the most obvious circumstnnces in which a substantial dischortc will

sur is when the body acquiring charge is an insulated conductor. In this
'cauc s conductor almost completely dlschqrges and the énergy of the discharge
is. neglecting any small residual charge, 5 CV2 where C is the capacity of
the conductor, In dealing with static elcctricity a body can usually be
considered to be a conductor when its relaxation time constant is sufficiently
short for substantially all its electrical energy to be dissipated in a
spark discharge. Resistivities of less than 10° ohm em will give relaxation
times of less than a microsecond so that many miterials (and liquids),
convenfilonally described as non-conducting or ceven 1nsulat1ng, my be
claqs:fled as conductors from this point of view.

Where both materials are insulators, substantial discharses can
5$ill occur although the most hazardous are gencrally those in which. the -
- discharge takes place between two associnted conductors and ‘does not directly
involve the materials generating the static. Indircet charging of a
conductor can ocour in two vays., Firstly a conductor can be charged by
1nduct19n, that is, it can assume 2 potentinl as a result of the proximity
. of "the charged material, - This effect is most mnrked whcre the conductor
entircly surrounds the charged material and therchy behaves as if it had
acquired the same charge as the material, BSecondly, the high e¢lectric field
" strengths produced around sharp points by relatively low potentials are
~able to impart sufficient encergy to charged particles to allow them to
overcome surface attractions and escape. Thus if an insulating belt is
being continuously charged by contact with a roller it can pass its charge to
a prninted or sharply roundeéd conductér nearby. This process can continue -
until the conductor tends to the potential of the belt,

Discharses may occur directly between dements of an inSulaﬁlng‘matcflal
and an cnrthed conduetor and it is possible that the energles 1nvolved.may he
sufficiently large to ignite flammable mixtures.

where gases, dust dispersions and fluids of high resistivity- (e Be
grcater than 101 é ohm om) are involved, hazardous dlscharges are almost
invarisbly associnted with an 1nsulated condugtor from which the charge has
been removed (e.g. the ‘pipe through which the fluid was flowing), with
an Inrsulated conductor to which the fluid has passed charge or with an
ingulated conductor which has become charged by induction. The possibility
of a diffuse discharge occurring between an earthed conductor(ig§ o
mase of high resistivity fluid cannot, however, be ruled oui

4, Examplcs of the fire hazard

The following are examples of how flres or explosions can be
1n1t1ated by. the genez“tlon and subsequent discharpe of static electrlclty.

In hospltal su1tes there may be present mlxtures of flarmable vapour
with air or oxygen Erﬁsent which can be ignited by spark energies as small
ag 200 Jorl § ( respectively, Thus the withdrawal of a blanket
from a (non=oonducting) rubber covered mattress presents a hazard (15



for the resultant charge on the rubbér can induce a substantial charge
on an insulated bed or operating table, If the latter is of metal it can
contribute ‘all its electrostatic cnergy to a single spark discharxge,

Persons (16) (27) walking about in-insulating shoes have been found
to acquire hazardous charpges,

Systems in which a material passes over a roller, at least one of
the two being an insulator, are o cormon hazard in industry, Hazardous -
discharges gcnerally occur between conductors either directly or indirectly
associated with the sources of the charpe but the writer hag visited the
scene of a fire in which it appeared that the discharge from an insulator b
to an carthed conductor was the only possible cauvse, The process involved
the spreading of a solution of paraffin wax in petrol on to linoleum
passing between two carthed steel rollers. [ further example of such a
fire was in an adhesive tapes factory where fires occurred around a
similar type of machinc in which all metal parts were carthed. Belt
drives are a particular cxample of such systems in which conditions are
most favourab%e gor the generation of very high voltages, possibly up
to a million \18), Specds are of ten high and if leakage resistance is low
the repetitive nature of the operation allows a progressive build-up of
charge, Given a suitably disposcd nearby conductor a belt drive behaves as
a van de Graaf penerator and hencc despite the fact that the spark ipgnition
enerples of most of the chemically stablf %g?itwb%e ?u?t'310uds found in
. industry lie in the range 0,01 o 2.5 § (19 20) (21) (22 r;ompare? vr'j.t]e a
range of the order of 0.0002 to 0.0l J for most gases and vapours, 19) {23)
the” spark energies which can be derived from a belt drive are so great that
dust' explosions can be initiated.

The elecctrostatic hazard associated F&X? the flow of liquids is well
knmowm, The Lvonmouth explosion and fire is an example of an incident
which occurred despitc .the exercise of considerablc care, Fuel was being L
pumped into an earthed tank through an carthed feed pipe and it is S v
believed that charge from the liquid acoumulated on a conducting dipping iy
rod. Yhen a sufficient potential had built up, it discharped to the tank,

~ In the United States of ./merica, where atmospheric conditions are
of ten mor? gyitable for the build~up of static electricity it has been
reported 25 that a fire due to static occurred vhen a c¢hauffeur pourcd
petrol from a five gallon drum through a chamois leather stretched over
a funncl and hence into the. tonk of a motor car.

*Dale (18) refers to several accidents in conl mines in which the use
‘of ‘dust laden compressed air lines ignited fire damp., In each c¢ase, however,
the discharge took place between an insulated scction of the supply line
and earth, Earthing of the supply line would have prevented thesc particular .
accidents. Transfer of the charge in a gas, or on particles suspended within
it, to an insulated conductor or to an insulator which then charges a
conductor by induction can, however, give dangerous. conditions, Dale:(la)
describes French and Belgian laboratory experiments which illustrate this.
13 rm sparks have been drawn from a 2 mm diamcter galvanised iron wire held
in frént of the orifice of a compressed air line. In other experiments
blocks of coal, limestone and oarbon weré placed on an insulated sheet of
palvanised iron and subjected to a blast of air and sand or air and metnl -
filings  from a compressed air line., Sparks capable of igniting firc damp
were obtained from the galvanised iron sheect. o
The generation of static by wef gﬁe%g iets has been recorded as
long ago as 1840 by ILord Lrmstrong (2 7) and the effects to be
expected when steam leaves a pipeline or impinges on a surface are’
similar to those described above, :

5. Preventive measures

Modern knowledge on methods of reducing or eliminating-the fire
risk created by static ?a been admirably fumTarised by the National Fire
Proteotion Association (28) and by Bulgin (29) and will only be dealt
with briefly here. - : - ; B



It is customary to aim at dissipating charges at such a rate that
hazardous levels are never built up., With this end in view all metal
parts, in regions wherc static clectricity is genermted; are therefore
earthed, A4lthough it is difficult to peneralise, rates of gencration of
static arc usually much less than a micro-amp (e.g, Fordham Cooper ?503
considers 10-° amp a high value) and voltages 3n cxcess of 300 (and usually
of the order § Kv - 50 Kv dependent on the capacity involved) are necessary
before hazardous discharges can occur. To climinate the fire hazard created’
by static, metal parts or other condustors (séc page 3) can therefore be
considered earthed even if the earth resistance is as high as 10° ohms,
Zstimations ranging from 107 ohms to 1011 ohms are given by other workers (30)
(31) (32) for the value of the safe maximum earthing resistance under various
circumstances. -

It has been found quite practical both in hospital operating suites (99)
(34) and in industry to earth mobile metal equipments by the use of
conductive (or anti-static) tyres and conductive floors. The resistivities
of such tyres and floors are generally made high cnough to suard against the
danger of shock or ignition due to lcakage of excessive currents from 250
volt electricity supply mains., Where fin%shﬁd products are being considered a
lower limiting resistance value of 100 K (95) between the main body of the
product and earth is generallf rggarded as meeting this requirement.
British Standard 2050 : 1953 (99 prescribes maximum values of resistance
ranging between 108 ohms and 107 ohms for various finished products made of
rubber, but these values are intended to cater for an increcase in resistance
with age. In the Foreword to the British Standard it states "Experience
has shown that for anti-static purposes, the limits of elegtrical resistance
of a product at any time dn its lifce should lie between 105 and 1010 ohms
and preferably between 105 and 108 ohms". It is recommended that products
with resistance values within the preseribed limits be described as "anti-
static" and those with lower values as "conductive",

The usc of ,trailing metal chains as a means of earthing mobile apparatus,
vehicles ete,, (55) of ten serves little purpose in reducing static owing

to the remarkably high resistance which can result from ?irs or corrosion
between links or between a link and the floor. Johnson (37) cites cases
where several thousand volts were required to break dovn the insulation
resistance. Generation of stetic on persons walliing about can be

climinated by the combined use of conduetive (or anti-static) flooring and
footwear, T

The mogt desirable method of dissipating static is to malethe
generating surfaces themsclves conductive, /fs two clemental surfaces are
scparated and a potential differcnce appears between thom, a current flows
along the surfaces to points at vhich they are still in contact. Conductive
(or anti-static) rubber is an example of & material which has been
rendered conductive %gg)work is progressing on methods of manufacturing
conductive plastics .

Where the materials generating static arc essentially insulating,
static hazard and nuisance is of'ten eliminated by surface treatments, e.g.
by coating the surfaces with cond ct}nﬂ 13qpids. Examples of this are to
be found in the textile %ndgsfrg 39) (40 and in nany locations vhere
static from belt drives (41) (42) (23) mst be redused.

Where it is not possible to render a mterial or its surface
conducting, the charge on a surface can be dissipated by ionising the
surrounding air by an extermal agency such as a high voltage (but low -
energy) discharge or a radioactive source. The clectric static eliminator
is sometimes held to be itself a scurce of hazard cither because faulty
insulation or desipgn might give rise to an unwanted substantial discharge,
or because of the proximity of partiocularly dancerous goas mixtures which
mipght be ignited even under normal operating conditions. Radio-active
static eliminators will of course present a health hazard if personnel
place themselves within the region which is being deliberately irradiated
to ionise the atmosphere. Both alpha and beta sources are used in British
eliminators and the effeotive ranges in the repions exposed to radiation
are of the order of half an inch and twelve inches respectively. To
increase the effective range, one manufacturer has incorporated an alpha
source in an alr blower. In designing a radio-active static eliminator



The preceding paragraphs have all described methods of dissipating
static electricity as it is gonerated. Different combinations of
materials produce different quantities of charpe on being separated and
it is sometimes feasible to choose o combination vhich will not produce
a hazardous charge, Such an approach is unusual, however, since surface
impurities and varisations in the temperature difference between the two:
materials involved can complctcly alter conditions,

6. Discussion

(i) Information regarding the hazard created by static elcctricity and
the available m t?odi ?f ﬁissipating it hns been sumrmrised by various
authorities (28] (25) (51 Pires and explosions from this cause still
occcur however, and it is clear that further publicity is called for.

(ii) The incidence of fires cnused by static is greater than is indicated
by the statistics of fires reported to the fire brisades in the United
Kingdom, The disastrous nature of the explosions which can be

initinted emphasizcs the importance of adopting stringent preventive
measures, '

(iii) Despite thc importonce of the fire hazard, static electricity
is probably best known as a result of the nuisance it can crcate by
interfering with industrial processes., In genernl both the nuissnce
and the fire hazard can be climinated and economically the imporitance
of static electricity arises larpely from the expense involved in
eliminating it,

7 Turther work

Purther work is required on four aspects of the hazard crerted by stoatic.

(a) Tirstly, vherc the flow of a non-conducting liquid generates a
substantial chnrpe, which may be particularly dangerous if the liquid: is
flammble, some satisfoctory method of reducing the hazard is required, The
most practical approach appears to be & search for additives which form
stable emulsiongoand which would reduce resistivities to levels of the order
10 11 ohm cm or less so that charges would be dissdipated in a fraction of
a second and would not build up to haZf;g?us levels, With the possible
exception of those referred to by Wagp =7) developed for use with
trichlorcthylenc and vwhite spirit, no such additives are known, . programme
of work might profitably include an investigation into the mechanism by
which additives render non-polar liquids conducting,

(b) Sccondly more information, both qualitative and quantitative, is
required regarding the generntion of static under practical conditions with
particular refercnce to the synthetic high polymers now in general use.

The most rewarding aprroach to this problem, from the long term point of

view, would probably be to measure the charges sencrated under carefully
controlled conditions in which, in the first instance, such factors as
tempernture difference and strain were eliminated, This would probably produce
an elcctrostatic series. If the effect of such factors as temperature,
temperature difference and strain were then determined, their effect on the
sequence of an electrostatic scries would become apparent and the sum total

of the results would give quantitative information on the levels of charge to
be expected under preoctical conditions. By determining, separately, the arens
of surface coming into intimate contact and the dissipation of the charge as
it is penerted the quantitative informntion might be given a more fundamental
significnnce. : '

If discharges from canductors were being cohsidered, the above information,
in conjunction with the informntio? a}rfadg ?va%l?bli on the mini?um sFar§
energics required to ignite duit? 20) (21) (22) (50) vapour-air (20) (23) (34)
and vapour-oxygen mixtures (14) (34) could be used to assess the hazard of
any particular process.



(c) A third aspect on which informetion is needed is the nature of a
diffusce discharge from an area of an insulating surface. In particular an
investigation is required into the conditions governing the mapnitude of the
area involved, With such diffuse discharges the minimum ignition encrgies
referred to earlier micht be hicher and if it were desired not to give

. exagrerated predictions of static hazard a determinotion of minimum ignition
energies under diffuse discharze conditions might be called for,

(d) The usc of Coronn discharges as a means of dissipating static,
either directly or by generating ions in the atmosphere, which subsequently
migimate to the charged surface and neutralize the charpge, may give risé to
= Pire hazard. Vhere the discharse is operated from a high voltage power
supply,; the whole constituting an lon gernerator, the risk is currently
considered to be substantial and the use of this form of static eliminator
iz regtricted to applications in which no fire risk exists.

_ In investigation into the ignitability of gases by Corona discharges
would resolve the scope of the application of this form of statie
elimirator as well as giving informntion of more genersl interest.
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APPENDIX I

Incidence of fires, caused by static clectricity, reported
to fire brisades in the United Kingdom 1949-1953

For the ycars 1949 to 1953 the total number of fires reported,
from all causes, averaged ocbout 85,000 per year of which about
44,000 occurred. in buildings. The incidence of fires (estimated
by cemples varying from one-in-two to one-in-five for different
years) in which static clectricity was the supposed cause is
given in Table I,

JTLBLE I
r‘._....-
1949 1950 1951 1952 1953
! T buildings 24 22 32 8 35
Other than in - 2 - 4 -
buildings






