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The Electrostatic Properties of Plastic Pipes in relation to Ignition Risk - Testing,
Assessment and Elimination

Wtasciwosci elektrostatyczne rur z tworzyw sztucznych w aspekcie zagrozenia wybuchem
- badania, ocena i eliminacja

3ﬂeKTpOCTaTM‘-IeCKMe CBOWCTBA NN1ACTUKOBBIX pr6 C TOYKMU 3pEeHUA Yyrpo3bl B3PblBa
— nccnenoBaHud, OueHKN 1 yCTpaHeHne yrpos

ABSTRACT

Aim: The article describes methods for eliminating the risk of an electrostatic discharge formation which could initiate an explosive atmosphere con-

flagration.

Introduction: An explosive atmosphere, according to Directive 2014/34/EU, is defined as a mixture with air, under atmospheric conditions, of flammable

substances in the form of gases, vapours, mists or dusts, in which combustion spreads to the entire unburned mixture after ignition. Electrostatic dis-

charge is considered a process of rapid electrification decay, accompanied by a release of energy, together with light and acoustic effects.

Project and methods: A resistance measurement result and/or a resistivity parameter, determined on the basis of the measured resistance, were used

to determine the electrostatic properties of materials, i.e. to classify them as conductive, dissipative or insulating. The electrification ability test (also

called “the electrification test”) was performed to determine whether a non-conductive material can charge up to a degree sufficient to result in a brush

discharge, and thus become an explosive mixture-ignition source. Electrostatic brush discharges are discharges from small areas (the literature and

standards consider a 100 cm?area to be an effective surface area). Each pipe was tested at no further than one metre from the mouth of the pipe. Infor-

mation regarding the magnitude of the electrostatic charge, e.g. in the middle of the pipe, was not available.

Results: Based on the performed tests, it can be concluded that:

1. A polyethylene pipe is an electrostatic insulator with very good electrification and surplus electric charge accumulation abilities.

2. The pipe is not able to carry a charge to the ground when in contact with the ground.

3. The entire metal structure is conductive and connected to the ground, so it cannot be electrified by induction.

4. Due to their connection to the studied construction, metal signal wires inserted into the plastic pipes constitute a grounded object with an electric
potential equal to zero; therefore, a discharge to the metal wire is very likely.

5. Apolyethylene pipe with a very large inner surface has many effective 100 cm? areas from which the gathered electrostatic charge can initiate a spark-
over.

Conclusions: The conclusions in this paper shown actions needed to eliminate electrostatic discharges and ignition possibilities. The proposed preventive

measures should be classified into the following groups:

— removing discharge sources in the form of electrostatic charges,

— eliminating potentially explosive atmospheres,

— preventing the possibility of electrostatic discharge formation.
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ABSTRAKT

Cel: W artykule opisano metody eliminacji zagrozenia wytadowaniem elektrostatycznym, mogacym zainicjowaé wybuch atmosfery wybuchowej.
Wprowadzenie: Atmosfera wybuchowa, wedtug dyrektywy 2014/34/EU, jest definiowana jako mieszanina substancji palnych w postaci gazéw, par,
mgiet lub pytéw z powietrzem w warunkach atmosferycznych, w ktérej zapton powoduje rozprzestrzenienie sie spalania na catg niespalong mieszanine.
Wytadowanie elektrostatyczne traktowane jest jako proces gwattownego zaniku stanu naelektryzowania, ktéremu towarzyszy wydzielenie energii wraz
z efektami $wietlnymi i akustycznymi.
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Projekt i metody: Do okreslenia wtasciwosci elektrostatycznych materiatéw, czyli zakwalifikowania materiatu jako przewodzacego, rozpraszajgcego lub

izolatora, wykorzystywano wynik pomiaru rezystancji i/lub parametr rezystywnosci, wyznaczony na podstawie zmierzonej rezystancji. Przeprowadzono

badanie zdolnosci do elektryzacji (zwane badaniem elektryzacji) bedgce metodg pozwalajaca okresli¢, czy materiat nieprzewodzacy moze natadowac sie

w stopniu wystarczajgcym do tworzenia wytadowan o charakterze snopiastym i przez to sta¢ sie zrodtem zaptonu mieszaniny wybuchowej. Wytadowania

elektrostatyczne snopiaste sa wytadowaniami z matych powierzchni (literatura i normy podaja za efektywna powierzchnie o polu 100 cm?). Rury kazdorazowo

badano w odlegtosci wynoszacej maksymalnie metr od ich poczatku. Nie zdefiniowano wielkosci tadunku elektrostatycznego np. w potowie dtugosci rury.

Wyniki: Na podstawie przeprowadzonych badar ustalono, ze:

1. Rura z polietylenu jest izolatorem elektrostatycznym oraz posiada bardzo dobrg zdolno$¢ do elektryzacji i gromadzenia nadmiarowego tadunku
elektrycznego.

2. W przypadku kontaktu z uziemieniem odprowadzenie tadunku z rury nie jest mozliwe,

. Cata konstrukcja metalowa jest przewodzaca i potgczona z uziemieniem, wobec czego nie jest w stanie naelektryzowac sie poprzez indukcje.

4. Druty metalowe sygnatowe wprowadzane do rur z tworzywa, poprzez potaczenie z badang konstrukcja, stanowig obiekt uziemiony o potencjale
elektrycznym réwnym zero, wobec czego wytadowanie elektrostatyczne do metalowego drutu jest bardzo prawdopodobne.

5. Rura z polietylenu o bardzo duzej powierzchni wewnetrznej posiada wiele powierzchni efektywnych o powierzchni 100 cm?, z ktérych zgromadzony
tadunek elektrostatyczny moze zainicjowac¢ przeskok iskry.

Whnioski: Wnioski przedstawione w artykule pozwalajg okresli¢ dziatania majace na celu wyeliminowanie ryzyka wytadowania elektrostatycznego i za-

ptonu. Zaproponowane $rodki zaradcze sklasyfikowano w trzech grupach:

— usuwanie tadunku elektrostatycznego jako Zrédta wytadowania,

— usuwanie atmosfery potencjalnie wybuchowe;j,

— niedoprowadzanie do mozliwosci powstania wytadowania elektrostatycznego.

Stowa kluczowe: elektrycznosc¢ statyczna, rury, atmosfera wybuchowa, zdolno$¢ do elektryzaciji

Typ artykutu: oryginalny artykut naukowy
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AHHOTALMA

Llenb: B cTaTbe onuncaH cnocob ycTpaHeHnsa prcka 06pa3oBaHna aNeKTpoCcTaTUYecKoro paspana, KoTopblin MOXET MHULMWPOBATL B3PbIB BO

B3pblBOOMacHoi atMochepe.

BBepeHue: BapbiBoonacHas aTMocdepa, B COOTBETCTBUM C AupekTrsoit 2014/34/EC, onpeaensieTcs Kak CMeCh N1erko BOCMIaMeHALLMXCS BeLLeCTB

B BW/e rasos, napa, TymaHa Wiu nbiiv ¢ BO3AYXOM B aTMOCHEPHbIX YCII0BUSAX, B KOTOPbIX, NPW BOCMIaMEHEHUN FOPeHne pacnpocTpaHaeTcs Ha

BCIO HECTOPEBLLYIO CMECh. SNeKTPOCTaTUYECK WA Pa3psifi CUMTAETCH KaK npouecc 6bICTPOro NCHYE3HOBEHUSI COCTOSIHUS HasNeKTPU30BaHHOCTY,

COMPOBOXAAeMOro BbIleIEHUEM SHEPrUM Hapsily CO CBETOBbLIMU M akycTUYecKknmMmn apdexktamu.

MpoeKkT n MeToAbI: [1015 TOro 4TO6bI ONPeAenvTb 3NeKTPOCTAaTUYECKME CBOMCTBA MaTePUanoB, KOTOPble KBanMMULMPYIOT MaTepuas B Ka4ecTBe NpoBo-

OSLLEro, PacCcenBatoLLEero UM 30NnpYHOLLEro, 6bI UCNONb30BaH Pe3y/bTaT U3MEPEHWst CONPOTUBNEHUS /WK NapameTpa yaeNbHOro ConpoTHBIEHNS

onpeseneHHoro Ha 0CHOBaHUU 3MEePEHUs CONPOTUBEHMS. [POBEIEH aHANN3 Ha SNEKTPU3ALMIO (HA3blIBaEMOE TECTMPOBAHMEM 3M1EKTPU3aLMN), KOTOPbIN

npeacTaBnseT co6oi cnocob onpeaeneHns BO3IMOXHOCTA HENPOBOASLLEro MaTepuana 3apsanTbCs O CTeNeHn, A0CTaTOUHON AN CO3AaHNSA CHOMO-
06pa3Horo paspsia v Takvm 06pasoM CTaTb UCTOYHUKOM BOCMIaMEHEHNS B3PbIBOOMACHbIX cMeceil. CHONoo6pasHble 311eKTpocTaTu4eckne paspsiibl 3T0
paspsiAbl U3 HEGONbLUKX MOBEPXHOCTEN — IMTepaTypa u cTaHAapTbl onpefensatoT addeKTuBHYto nioLass nosepxHoct 100 cM?. Bee Tpy6bl 6binv TecTy-
pOBaHbl MakCUMasnbHO OfVH MeTP OT Hayana Tpy6bl. CBeJeHNin O BENNUMHE 3N1EKTPOCTATUYECKOr0 3apsia, HanpuMep, B cepeiHe Tpy6bl He onpegeneHo.

PesynbTaTbl: Ha 0CHOBaHWW NPOBEIEHHOrO TECTMPOBAHUS MOXHO KOHCTATUPOBAaTb, YTO:

1. MnacTukoBas Tpy6a ABNAETCA 3NEKTPOCTATUHECKMM ANINEKTPUKOM U UMEET OYeHb XOPOLLYHO CMOCOBHOCTb 3NEKTPU3aLMN 1 HAKOMIEHNS 13-
BbITOYHOrO 3NEKTPUYECKOrO 3apsiaa.

2. Tpy6a He MOXeT paspsaKaTbCs Ha 3a3eMeHHbI MPOBOAHUK B ClyYae KOHTaKTa C 3a3eMJyIeHneM.

3. Bcs MeTannnyeckas CTPyKTypa sBASETCH 3NeKTPONPOBOAHOM 1 COeJMHEHA C 3a3eMIIEHUEM, MOSTOMY OHa He CMoCOoBHa HasIeKTPU30BaTbCs
nocpeACcTBOM 3EeKTPOCTATUHECKON NHAYKLMN.

4. CurHanbHble MeTannuyeckne NpoBoAa, BCTaBMEHHbIE B NacTUKOBbIE TPYObl, NOCe NOAKIOYEHUS K TECTUPYEMOI KOHCTPYKLMU ABASHOTCS
3a3eMJIeHHbIM 06 BEKTOM C 3N1eKTPUYECKMM NOTEHLMANOM PaBHbIM HYJIHO, TaK YTO 91EKTPOCTATUYECKMIA pa3psa Ha MeTanIMyeckyto NnpoBoIoKY
BecbMa NpaBAonofo6eH.

5. MnacTunkoBas Tpy6a ¢ 04eHb 60MbLLION BHYTPEHHEN NOBEPXHOCTHIO MMEET MHOXECTBO ahheKTUBHbIX NOBEpPXHOCTeN Ha naowaaun 100 cm?, Ha
KOTOPbIX HAKOMMEHHbIN 3N1EKTPOCTaTUHECKMIA 3apAL MOXKET MHULIMMPOBATb MPOCKaKMBaHWeE UCKPbI.

BeiBOAbI: BbIBOALI 3TON paBoThl NO3BONAAKT ONPeAenuTb Mepbl N0 yCTPaHEHWIO ONacHOCTY 3N1eKTPOCTaTUYeCcKoro paspsiaa v Bosropanus. Mpea-

naraemble Mepbl JO/MKHbI BbITb KNaccuduLmpoBaHbl No CleAyoLLMM rpynnam:

— yCTpaHeHWe 3NeKTPOCTaTNYeCKOro pa3psaa B Ka4ecTBe NCTOYHMKA.

— yCTpaHeHue NoTeHLManbHO B3pbIBOONACHOM aTMocdepsl,

— HefonylleHne BOBMOXHOCTUN 31eKTPOCTaTNYECKOro pa3paja.

KntouyeBble ciioBa: cTaTuyeckoe anekTpu4ecTBo, TPy6bl, B3pbiBOONAacHas aTMocdepa, CNoCOBHOCTb K 3i1eKTpusauum

Bup cTaTbu: opurvHanbHas HayyHas cTaTbs
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Introduction, research objective

An electrostatic discharge in a potentially explosive atmos-
phere can result in ignition. One of the methods for eliminating
this possibility is to prevent the occurrence of an explosive at-
mosphere. The second method involves eliminating the possi-
bility of electrostatic discharge formation. IEC 60079-32-1 [1]
and CLC/TR 50404 [2] cite inerting as a means of eliminating
an explosive atmosphere. Inerting has been included in publi-
cations presenting analyses of methods for the risk elimination
of electrostatic discharge initiated explosions.

The aim of the study was to determine the electrostatic
characteristics of plastic pipes in relation to the possibility of

Figure 1a. Manufactured pre-insulated pipes

Source: Own elaboration.

The study was carried out at the manufacturer’s produc-
tion plants.

The manufactured pre-insulated pipes (Fig. 1Ta and 1b) con-
sist of a metal pipe on the inside and a polypropylene pipe on
the outside. The space between them is filled with a special
foam which produces pentane (an explosive mixture with oxy-
gen) during its formation. An explosion of the pentane mixture
can be initiated by an electrostatic discharge’s forming in the
plastic pipes. The process of inertization, i.e. replacing oxygen
with nitrogen, can be used to eliminate the possibility of explo-
sion. This article addresses questions regarding the risks of
electrostatic discharge formation and the ways to eliminate the
possibility of their formation.

D

OOOODO®

Figure 2. Typical brush discharge occurrence conditions (scheme)

Source: Own elaboration.
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occurrence of electrostatic discharge. This is to be determined
with reference to safety, concerning the risk of explosion initi-
ated by an electrostatic discharge forming on the electrified in-
ternal surface of a pipe.

The subject of this research was polyethylene pipes em-
ployed in the manufacturing of pre-insulated pipes. All pipes
were made of polyethylene (the same production process cov-
ers several diameters of pipes). The pipes are used for heat
transmission in district heating systems. They are made of pol-
yethylene, which is a very good electric insulator. Polyethylene
pipes comprise the casing and structure of the entire pre-in-
sulated pipe. Heat transmission takes place in the metal pipe
(see Figs. 1aand 1b).

Figure 1b. Manufactured pre-insulated pipes

Source: Own elaboration.

Accidents during the polyethylene pipe production process
are known to happen, as the process can lead to ignition. The
reason for thisignition is electrostatic discharges from charged
pipes to metal elements, persons or instruments (grounded or
in contact with the ground). An example of such a discharge is
presented in Fig. 2, which shows a grounded electrode (repre-
senting a metal element, person or instrument) being moved
closer to a charged element (the pipe).

A potential electrostatic discharge (Fig. 2) can occur:

— from an electrified polyethylene pipe to a grounded in-

serted metal pipe (Fig. 3),
— froman electrified polyethylene pipe to grounded non-in-
sulated metal wires (Fig. 4).

0.0)

OOOOD
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PLASTIC

PIPES
METAL
GROUNDED
PIPE

Figure 3. Discharge from an electrified polyethylene pipe to a grounded inserted metal pipe

Source: Own elaboration.

PLASTIC
PIPES
/ PLASTIC PIPES
WITH SIGNAL
WIRES

Figure 4. Discharge from an electrified polyethylene pipe to grounded non-insulated metal wires

Source: Own elaboration.

An electrostatic discharge from an electrified polyethylene
pipe will occur neither when a metal pipe is insulated from the
ground nor when the signal wires are insulated. In this case, it
will result in an electrostatic induction of the conducting pipe.
Figure 2 also represents a schematic diagram of an electrifica-
tion ability test (see section 3.3).

Based on the performed measurements of the electric po-
tential and the electric charge field potential accumulated on
the pipe, and on the basis of the transferred charge measure-
ment carried out via a controlled discharge (spark or corona), it
can be concluded that an electrostatic discharge hazard exists
on the pipes. No hazard was found on the pipe fittings. In the
case of an electrostatic discharge occurrence in a potentially
explosive atmosphere, it can result in the ignition of the mixture.

The principles of the phenomenon

An electrostatic discharge is the phenomenon of transfer-
ring electric (electrostatic) charges between objects with dif-
ferent electric potentials as a result of direct contact. Most
frequently, the discharge takes place between positively or neg-
atively charged objects, or between an electrified object (with
ahigh electric potential) and the ground (with zero-value electric
potential). Electrostatic discharges are short pulses appearing
in the spaces between objects with sufficiently high electrostat-
ic potential differences. These result in either the partial or total
decay of the electrostatic charge on these objects [5]. Since the
duration of a discharge is relatively short, from several dozen
nanoseconds to several hundred microseconds, the result is

BITP VOL. 45 ISSUE 1, 2017, pp. 14-25, doi: 10.12845/bitp.45.1.2017.1

the formation of high power impulses, sufficient to ignite explo-
sive atmospheres, cause electric shock to workers, and damage
equipment. Electrostatic hazards are understood as the pos-
sibility of the occurrence of the aforementioned electrostatic
discharge effects. Except for the electric shock, electrostatic
discharges can be life-threatening only indirectly. Electrostatic
hazards can be divided into three groups [7]:

— electrostatic shock occurrence possibility, i.e. an elec-
trostatic discharge passing directly through the human
body;

— flammable and explosive media ignition ability, result-
ing in a fire or explosion;

— operation interference or damage possibility of semi-
conductor devices constituting the elements of the con-
trol and measuring equipment, which controls the safe
operation of technological processes, or diagnostics or
live-support apparatus.

In electrostatics, materials are divided into three groups
(Fig. 5): conductive, dissipative and insulating. Conductive and
dissipative materials are considered anti-electrostatic, while in-
sulators are considered non-anti-electrostatic.

There are two criteria: resistance (symbol R, expressed in Q)
and resistivity (symbol p, expressed in Q and Q/m). Resistance
is the relationship between measurement voltage and current,
while resistivity is the ability of materials to dissipative charg-
ing. In practice, resistivity is the ratio of the resistance and size
of materials, and refers to unit length and is more universal than
resistance, whichis a test result. Resistance and resistivity can
be surface and volume. It defines the direction of electrostat-
ic-charge flow.

SAFETY & FIRE TECHNIQUE
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Conductive

Dissipative

o |
| |
10 10°
Figure 5. The division of materials in terms of electrostatic properties

Source: Own elaboration.

Moreover, the literature provides an additional division of
materials into poorly electrifying, with a surface resistivity of
10° Q <pg< 10 Q, and easily electrifying, with a surface resis-
tivity of p> 102 Q. Solid materials with a volume resistivity of
ps > 108 Qm are considered by the literature as objects prone to
permanent electrification [3].

The PN EN 80079-36 [15] standard also defines the electrifica-
tion ability test, aimed at determining the maximum safe magni-
tude of an electrostatic charge which might accumulate on a mate-
rial. This safe charge value amounts to 60:10~° C. The electrification
ability test is performed when a material does not fulfil the surface
resistance criterion, i.e. its surface resistance is R;>10° Q.

1011

Electrification (electrostatic charging)
ability

Most materials have the ability to accumulate electric charg-
es. When analysing electrification ability, one should consider
the triboelectric series (Fig. 6.), i.e. an arrangement of materi-
als in relation to their polarity and electric charge magnitude
produced using contact and frictional methods. Some materi-
als lose electrons more easily, while others accumulate them
more easily.

POSITIVE CHARGE

Human body
Glass
Mica
Polyamide
Wool
Fur
Silk
Aluminium
Paper
Cotton
Steel
Wood
Ebonite
Polyester
Polyethylene
PVC
PTFE

NEGATIVE CHARGE

Figure 6. The triboelectric series

Source: Own elaboration based on [5, p. 66]
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Electrification (electrostatic charging)
methods

The literature mentions three electrification (electrostatic
charging) methods. The triboelectric series in Fig. 6 is applica-
ble only to contact and frictional methods.

Through contact (including impact)
Electrification through contact takes place at the moment
when two materials come into contact and separate. During

NCCNEOOBAHUA N PABBUTUE

separation, in line with the triboelectric series rule, and depend-
ing on the character of the electron affinity, the materials give
away or retain extra electrons. Thus, an electric imbalance takes
place in the materials, i.e. a surplus of electrons in one of them,
and a deficit in the other. An example of this can be seen when
the feet are lifted from the ground (Fig. 7.), or when a plastic-cov-
ered book is opened.

At manufacturers’ production plants, polyethylene pipes are
electrified through contact when striking other pipes, falling off
a conveyor, or rolling.

Frr++

ExT==

Figure 7. An example of electrification through contact - lifting the feet from the ground

Source: Own elaboration.

Through friction

Electrification through friction, like through contact, is re-
lated to the triboelectric series. As a result of friction, electric
charges are transferred between the bodies, which results in
charging with a surplus electric charge.

At manufacturers’ production plants, polyethylene pipes
are electrified through friction either during the course of the
production process or during transportation.

Through induction

Electrification through induction, as opposed to contact and
frictional methods, is a non-contact method of charging. Electrifi-
cation throughinduction is often called electrification through in-
fluence. Only electricity-conducting materials can be electrified
throughinduction, i.e. good electric conductors and dissipative

materials. The electrified object is capable of electrifying another
one through induction by creating adipole onit. This is achieved
via the separation of electric charges: single-sign charges are re-
pulsive, while opposite-sign charges are attractive. Examples of
electrification through induction are presented in Fig. 8. The elec-
trified objects induce dipoles on conducting materials (cubes,
the human body) [4]. Owing to the grounding and the carrying of
a single-sign charge away from the material’s acting as a dipole,
the conductor becomes electrified with single-sign electricity.

At manufacturers’ production plants, metal pipes inserted
into polyethylene pipes are electrified through induction. A di-
pole is created on the metal pipe, and the electrons accumulated
on one of the metal pipe surfaces are carried to the grounding
system via an effectively grounded arm which inserts the inner
metal pipe into the outer plastic one.

Figure 8. Electrification through induction
Phase a: An electrically neutral body inserted into an electric field

Phase b: The field causes the separation of the charges (polarisation)

b)
® ®
®
. .
e
® ®
e ® | ®
d)
® © @ ©
e @ @@
® © @@

Phase c: A negative charge is induced into the element after grounding, balancing the positive charge

Phase d: The conductor is still negatively charged after the removal of the electric-field source

Source: Own elaboration.
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Electrostatic discharges

There are four main types of electrostatic discharges [3]:

1. Capacitive spark discharges, which ignite all explosive
atmospheres.

2. Propagating brush discharges, which ignite all explosive
atmospheres.

3. Brush discharges, which ignite all gassy atmospheres,
but not dusty ones, except those containing initiator
dusts.

4. Coronadischarges, which are very low energy discharg-
es, less than 0.1 mJ. They are considered to be capable
of igniting the most sensitive atmospheres, with ignition
energy lower than 0.1 mJ, or atmospheres with an elevat-
ed oxygen concentration.

Electrostatic discharges occur as a result of a high poten-
tial difference. The breakdown voltage of air is ca. 32 kV/m,
hence an electrostatic discharge will occur when the potential
difference between the bodies exceeds the breakdown voltage
of air. In most cases, such discharges are observed between an
electrified object and one with zero potential (e.g. the ground).
A discharge will not happen when an object is highly electri-
fied, but there exists no potential difference between this and
the other object.

Ignition energy

An explosive atmosphere is defined as a mixture of air with
flammable substances in the form of gases, vapours, mists
or dusts, under atmospheric conditions, in which combustion
spreads to the entire unburned mixture after ignition (in ac-
cordance with Directive 2014/34/EU) [12]. The following types
of atmospheres can be distinguished: dusty, gassy (flammable
gases or vapours of flammable substances, typically liquids)
and hybrids, i.e. mixtures of gassy and dusty atmospheres (e.g.
methane and coal dust).

The minimum discharge energy necessary to ignite an ex-
plosive atmosphere is called the minimum ignition energy. It is
determined as the minimum energy accumulated in the electric
capacitance of a standard capacitor at which a spark discharge
from the capacitor, under the proper electrode configuration,
results in the ignition of the atmosphere [8]. An electrostatic
discharge is considered as a process of rapid electrification
decay, accompanied by a release of energy, together with light
and acoustic effects. A brush discharge occurs in an electric
field with high heterogeneity [9], when a grounded object of
spherical shape and small curvature approaches the surface
of an electrified dielectric. The brush discharge, accompanied
by alight effect, has a form intermediately between corona and
spark discharges. Its energy attains a level of ca. 4 mJ.

Brush discharges are capable of initiating explosions of va-
pour or flammable gas mixtures with air, but they cannot initiate
an explosion of a dust-air mixture. In the literature, according to
both Polish and foreign standards, a brush discharge is consid-
ered dangerous only when the released charge originates from
a surface greater than ca. 100 cm? and electrified with a neg-
ative potential of at least 20 kV. In the document published by
the Central Safety Committee [13], a brush discharge has been
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cited as an air mixture discharge initiator with an MIE ranging
from 0.01 to 10 mJ.
The potential energy of an electrostatic field is described
with the following relationship:
2
W=%CU02 =% Q0U0=%%
The following should be defined to describe potential ener-
gy: system electric capacitance C, electric potential, i.e. electro-
static voltage U, and electric charge magnitude Q.

Research methodology
Resistance measurements

Resistance measurement results and/or resistivity param-
eters, determined on the basis of the measured resistance, are
used to determine the electrostatic properties of materials, i.e.
to classify a material as conductive, dissipative or insulating.

Resistance measurement results differ depending on the
employed test method (i.e. electrode configuration and meas-
uring voltage). The resistance parameter is dependent on the
condition that the test method has been specified.

Surface resistance is the electric resistance (in Q) between
electrodes placed coaxially on the same surface of the tested
object. Volume resistance is the electric resistance (in Q) be-
tween electrodes placed coaxially on opposite sides of the ob-
ject. Surface resistivity is the capability of the material to re-
duce the current flow on its surface. Volume resistivity is the
capability of the material to reduce the current flow through
its volume [6].

Normalised test methods define the method for measuring
surface and volume resistances. There are no equally common
and universal parameters to define electrostatic properties.
Most standards which define a resistance measurement meth-
od also specify the method of converting the measured resist-
ance values into resistivity.

Further normalised resistance measurement methods in-
clude measurement between points, and measurement between
apoint and a ground point. This means the electric resistance (in
Q) between electrodes (or an electrode and a grounding point)
placed on the same surface at a considerable distance from
each other.

The surface, volume, between points, and point-to-ground-
ing resistance tests are conducted within the AB005 accredita-
tion framework and constitute normalised testing.

Electrostatic field intensity and potential
measurements

Electrostatic field parameter measurements are performed
by means of a portable electrostatic field meter, the so-called
field mill meter. The device measures the electrostatic field in-
tensity (in V/m), which can be automatically converted into the
electric potential (in V). The measuring range of the Central Min-
ing Institute’s device ranges from 0 V to 160 kV, and from 0 to
800 kV/m. All the measurements are performed relative to the
ground, as the measuring device is grounded. The test is not
standardised [11]. Electrostatic potential is connected with the
potential energy of ignition (relationship in point 2.4).
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Electrification ability measurement

The electrification ability test (also called the electrification
test) is a method for determining whether a non-conducting
material is capable of charging to a level sufficient to result in
a brush discharge, and thereby whether it can become an ex-
plosive mixture ignition source (see Figure 2, 3 and 4). The test
involves the measurement of an electric charge Q of a typical
surface discharge leading to a controlled electric discharge. It is
performed by using a spherical electrode to discharge a sample
to a capacitor with a known electric capacitance C and meas-
uring the voltage on its surface. The voltage measurement is
conducted by means of an electrostatic voltmeter. The trans-
ferred charge is connected with the potential energy of ignition
(the relationship in point 2.4).

Test results and their discussion
The electrostatic property tests were performed by the
Group of Testing and Calibration Laboratories of the Central

Table 1. The surface resistances of pipes

RESEARCH AND DEVELOPMENT

Mining Institute, with the accreditation of the Polish Accred-
itation Centre; certificate No. AB0O5. The test results were
included in test reports, and in Tables 1,2, 3 and 4. The man-
ufactured pipes varied in terms of dimension (diameter). The
pipes marked as type 3 were the most numerously manufac-
tured and the most available in stock. Pipe diameter is not
connected with ignition possibility, because, according to
CLC/TR 50404 [2], the effective ignition generation surface is
always 100 cm?. All tests (excluding the testing of electrostat-
ic field intensity) were performed according to the methods
shown in [1]. A normalised method of testing is a guarantee
that the results will be correct.

The surface resistance of the material determines this
material as one of the three from Fig. 5. This plastic is clas-
sified as an insulator. It means that this plastic can easy
accumulate a charge. The results and their low uncertain-
ty indicate the homogeneity of the raw materials and pro-
duced pipes.

Measurement point/object

Surface resistance [Q]

Pipe 1 7.45-10"
Pipe 2 8.54-10"
Pipe 3 6.51-10"

Pipe 4 7.12-10"
Pipe 5 6.66-10"
Arithmetic mean 7.26-10"
Uncertainty 1.53-10"
MIN value 6.51-10"
MAX value 8.54-10"

Source: Own elaboration.

Table 2. Transferred electric charge

Transferred charge [nC]

Measurement point

1361.4 + 28.1 1
48.3 * 1.0 2
57.9 + 1.2 3
67.6 + 1.4 4
57.9 + 1.2 5
7.2 + 1.6 6
96.6 * 2.0 7
270.3 + 5.6 8
144.8 + 3.0 9
96.6 + 2.0 10
29.0 * 0.6 11
7.2 k3 1.6 12
154.5 + 3.2 13
9.7 + 0.2 14

Source: Own elaboration.

The transferred electric charge (simulated electrostatic dis-
charge) was measured to determine the maximum electric charge
magnitude capable of initiating explosions. The transferred charge
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(in Table 2) was always collected from the same area (size of area).
The measurement point was random and covered the whole pipe.
In order to estimate the test results, the maximum scores were
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subjected to a series of 10 measurements. The test results do
not depend on the pipe diameter. The results depend only on the
pipe’s electrification type, method and level during manufacture.
The test results in Table 2 are the results of simulated discharge.
Some results are much higher than others, possibly due to the
longer process of transport (multiple exposure to the electrisation
process through contact, friction and induction).

The same problem exists in the measurement of electro-
static potential and electrostatic field. The measurement point
was random and covered the whole pipe. In order to estimate the
test results, the maximum scores were subjected to a series of
10 measurements. Pipes are insulators and they have the abil-
ity to become electrified during transportation, the production
process etc. Valuesin Table 3 are the maximum values in pipes.

Table 3. Electrostatic field intensity and potential

Measurement point Electrostatic potential [V] Electrostatic field [V/m]

1 143,000 36,000
2 170,000 102,000
3 300,000 9,200
4 240,000 36,000
5 98,000 33,000
6 2,600 133,000
7 1,760 195,000
8 2,780 320,000
9 7,500 280,000
10 6,200 440,000
11 5120 412,000
12 4,400 333,000
13 4,120 299,000
14 7,600 411,000
15 6,080 390,000
16 2,000 181,000
17 6,000 168,000
18 4,000 332,000

Source: Own elaboration.

The pipes were transported from the production hall to
the depot. This transportation was made using metal struc-
tures with conveyor belts. The transport system wasn’t

antistatic — this fact determines the ability to charge during
transportation and the impossibility to decay an accumulat-
ed charge.

Table 4. The ground resistance of pipe transportation structures

Measurement point Resistance point to ground RGP [Q]

1.20-10°

Ending 1.20-10°

1.00-10°

1.10-10°

Conductor without isolation 1.00-10°

1.00-10°

>1.00-10"

Conductor with isolation >1.00-10"

>1.00-10"

1.00-10°

Structure point 1 1.00-10°

1.00-10°

1.00-10°

Structure point 2 1.00-10°

1.00-10°

Source: Own elaboration.
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The ground resistance of pipe transportation structures
was measured to determine the capability of spark-over to the
ground, and to employ grounding as a neutralisation method for
plastic pipes. The test results showed no connection to ground
the pipes. The pipes cannot be discharged because there is no
access to the ground.

On the basis of the performed tests (the results in Tables 1,
2, 3 and 4), the following conclusions can be drawn:

— The polyethylene pipe is an electrostatic insulator. It
has very good electrification and surplus electric charge
accumulation abilities. The pipe is not capable of carry-
ing the charge to the ground when in contact with the
grounding system.

— The entire metal structure is conductive and connected
to the ground; hence it is not capable of electrification
through induction. Signal-transmitting wires inserted
into the plastic pipes constitute a grounded object with
an electric potential equal to zero, due to their connec-
tion to the studied structure. Therefore, a discharge into
the metal wire is very likely.

— An electrostatic discharge from the pipe surface into
the insulated signal wires is not possible, since their
ground resistance is very high. In consequence, from the
point of view of an electric circuit, they constitute a gap.

— Theelectrostatic charge accumulated on the pipe is rela-
tively large, with a high potential. The potential should be
considered as the voltage difference in the pipe/non-in-
sulated metal wire system, as the potential of the metal
wire equals zero (see above). In many cases, the electro-
static charge potential on the pipes, and consequently
the electric voltage, exceeds the breakdown voltage of
air. A large electrostatic charge is not observed on the
pipe fittings.

— An electrification ability test was performed, which
gives sufficient information regarding whether
a non-conducting material can be electrified to a de-
gree sufficient to result in an electric-brush discharge.
The pipes were tested at no further than one metre from
the mouth of the pipe. Information regarding the mag-
nitude of the electric charge, for instance, in the middle
of apipe, is not available. Electrostatic brush discharg-
es are discharges from small surfaces. The literature
and standards consider 100 cm? to be an effective sur-
face area. A polyethylene pipe with a very large inter-
nal surface area has many effective 100 cm? surface
areas from which the accumulated charge can initiate
a spark-over.

Test conclusions

According to the “Pentane Process Technology. Safety Con-
ception” documentation presented by the manufacturer, pen-
taneis produced over the course of the pipe-manufacturing pro-
cess during foaming. When mixed with air, pentane also creates
an explosive mixture. According to the characteristics charts of
the Central Institute of Labour Protection — National Research
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Institute [14], the minimum ignition energy of a pentane-oxygen
mixture equals 0.18 mJ, and is lower than the minimum methane
ignition energy, which ranges from 0.28 mJ to 0.47 mJ.

In standards [1] and [2] and papers [10] and [11] there are cri-
teria of conformity assessment: a surface resistance less than
1x10°Q or atransferred charge during a charge ability test less
than 60-10°. The test results, shown in this paper do not fulfil
the criteria of Polish and European standards for potentially ex-
plosive atmospheres.

On the basis of laboratory tests of a pipe taken from the pro-
duction batch, it can be concluded that it is a very good quali-
ty insulator, with surface and volume resistances over 1-10" Q.
This means that the product can become electrified to a great
extent. In the case of objects made of non-conducting materi-
als, such as the considered pipe, there is a possibility of brush
discharge. In exceptional cases, a propagating brush discharge
can occur. Electrostatic discharges are able to ignite all types
of explosive mixtures.

Based on the tests performed on the manufacturer’s prem-
ises, it was found that the metal pipe insertion station was very
effectively grounded; its electrostatic potential was close to
zero. It was also found that the signal-transmitting wires placed
on the inserted metal pipes were very effectively grounded and
they carried away the electric charge. This relates only to non-in-
sulated metal wires, which are grounded through metal weights
and through contact with the production station.

Conclusions regarding the elimination
of electrostatic charge and ignition
possibility

Ignition possibility can be eliminated through three actions:

— Removing discharge sources in the form of electrostat-

ic charges,

— Eliminating potentially explosive atmospheres,

— Preventing the possibility of electrostatic discharge for-

mation.

All the three factors identified in the preventive measures
listed above must take place at the same time for an explo-
sion hazard to appear. Removing one of them will eliminate
the hazard [10]. Apart from these three (which constitute the
scope of the research), one should also take others into ac-
count, i.e. the explosive mixture concentration, the explosive
atmosphere MIE, pressure, temperature, etc. To eliminate the
ignition possibility, one of the factors contributing to ignition
needs to be eliminated. This can be achieved by employing
one of the listed actions.

The proposed preventive measures apply chiefly to pipes.

— Using insulated wires and insulating the inserted met-

al pipe (preventing the possibility of electrostatic dis-
charge formation)

Using only wires with insulation and insulating the inserted
metal pipe from the pusher will prevent the electrostatic charge
accumulated on the propylene pipe’s becoming neutralised by
the wire. This means that a discharge will not occur, since, from
the electrical point of view, the insulated wire constitutes a gap.
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— Increasing the relative air humidity (removing discharge
sources in the form of electrostatic charges)

The literature and personal research reveal that the relative
air humidity effectively neutralises the surplus electrostatic
charge; not to zero, but to a safe level. Maintaining the relative
humidity at a level of ca. 60%RH is sufficient for high electro-
static charge potential neutralisation.

— The furtherinertisation process (eliminating potentially

explosive atmospheres)

The aim of the inertisation process is to remove a poten-
tially explosive atmosphere. The volume of nitrogen pumped
into the pipe must be equal to or greater than the volume limit-
ed by the pipe itself.

— The ventilation of pipes (eliminating potentially explo-

sive atmospheres)

Ventilation can be applied to fittings, just as it is done now.
Fittings are ventilated to eliminate explosive atmospheres.

— Applying at least one conductive signal wire guide,
which will electrostatically neutralise the polyethylene
pipe (removing discharge sources in the form of elec-
trostatic charges)

The applied method has been simulated by the Central Min-

ing Institute research team (Fig. 9.). The use of the first guide,

made of conducting or anti-electrostatic plastics, results in the
inserted metal pipe’s neutralising the plastic pipe’s entire inter-
nal surface. Afterwards, the electrostatic charge is carried to
the ground through the pusher structure.

— The use of air ionisers (removing discharge sources in

the form of electrostatic charges)

lonisers effectively neutralise the surplus electrostatic
charge. A restriction on this method is its time of neutralisa-
tion. The ioniser must blow in a volume of ionised air equal to
the volume of the pipe for a sufficiently long time. lonisers can
be applied to blowing down fittings and joints.

The manufacturer uses a preventive measure in the form
of inertisation, i.e. the removal of potentially explosive atmos-
pheres, during its pipe production process. The use of any of the
remaining preventive measures will result in the elimination of
one of the three aforementioned explosion occurrence factors.
Consequently, the chain of events necessary to provoke an ex-
plosion will be interrupted — the same chain of events necessary
to provoke an explosion of an explosive atmosphere.

The use of insulated wires and the insulation of the pusher
structure eliminates the possibility of an electrostatic discharge
occurrence. Thus, subjecting this type of pipes to the inertisa-
tion process is unnecessary.

Figure 9. Signal wire guide on the metal pipe

Source: Own elaboration.

These three factors, which result in ignition via an electro-
static discharge, apply not only to pipes, but also to most types
of plastics. Similarly, the proposed measures involve not only
pipes, but also most types of plastics. The conclusions in sec-
tion 6 can be applied in all situations in which electrostatic dis-
charge-related hazards can exist.

References

[1] 1EC TS 60079-32-1:2015-08, Technical Specification, Explosive at-
mospheres — Part 32-1: Electrostatic hazards, guidance.

[2] CLC/TR TR 50404:2003 Elektrostatyka — kodeks postepowania
praktycznego dla unikniecia zagrozen zwigzanych z elektryczno-
$cig statyczna.

BEZPIECZENSTWO | TECHNIKA POZARNICZA

[3] Gajewski J., Elektrycznosc statyczna — poznanie, pomiar, zapobiega-
nie, eliminowanie, Instytut Wydawniczy Zwigzkéw Zawodowych,
Warszawa 1987.

[4] Grabarczyk Z., Jonizacja powietrza w srodowisku Zycia i pracy, CIOP,
Warszawa 2000.

[5] Grabarczyk Z., Kurczewska A., Zagrozenia elektrostatyczne w stre-
fach zagroZzonych wybuchem, CIOP, Warszawa 2008.

[6] Kacprzyk R., Metody pomiaréw w elektrostatyce, Politechnika Wro-
ctawska, Wroctaw 2013.

[7]1 Pawtowska Z. (red.), Podstawy prewencji wypadkowej, CIOP, War-
szawa 2008.

[8] Swierzewski M., Urzadzenia elektryczne w przestrzeniach zagrozo-
nych wybuchem — zagadnienia wybrane, SEP, Warszawa 2008.

[9] Urzadzenia do pracy w atmosferze zagrozonej wybuchem, Asco/
Joucomatic, Warszawa 2010.

ISSN 1895-8443



NCCNEOOBAHUA N PABBUTUE

[10] Kedzierski P., Antystatyzacja w ujeciu technologicznym, ,Wiadomo- PRZEMYSEAW KEDZIERSKI, MSc.Eng. — researcher at the Central Mi-
$ci Gornicze” 2013, 12. ning Institute in Katowice. Graduate of the Faculty of Electrical Engi-

[11] Kedzierski P., Badania dynamicznych wiasciwosci elektrostatycznych neering and the Faculty of Organization and Management of the Si-
— metody symulacji wytadowan, ,Wiadomosci Gérnicze” 2012, 6. lesian University of Technology. He has been admitted into a Ph.D.

[12] Directive 2014/34/EU Equipment for potentially explosive atmo- programme by the GIG Science Council. A head of many research and
spheres (ATEX). expert studies, as well as research works in the field of static electrici-

[13] Electrostatic discharge, Central Safety Committee, Basel 1974. ty. He has professional qualifications of an ESD Coordinator.

[14] Characteristics charts of pentane, CIOP.

[15] PN-EN80079-36:2016-07 Atmosfery wybuchowe — Cze$¢ 36: Urza- ADAM SZOPA, M.Sc.Eng. — a graduate of Silesian University of Tech-
dzenia nieelektryczne do atmosfer wybuchowych — Metodyka i wy- nology in Gliwice, Faculty of Mathematics and Physics in the field of
magania. Technical Physics, specialization — optoelectronics. An engineering

and technical worker at the Laboratory of Technical Acoustics at the
Central Mining Institute in Katowice.

BITP VOL. 45 ISSUE 1, 2017, pp. 14-25, doi: 10.12845/bitp.45.1.2017.1 SAFETY & FIRE TECHNIQUE 25



