Multilayer Plastic Container The present invention relates to a method for producing electrostatically
non-chargeable and/or electrically discharging plastic containers, and a multilayer plastic container
produced with this method. The plastic container can be formed as a jerrican or fassett, as a closed
bunged drum, as lidded drum with drum lid and tension ring closure, or as an inner container of a
large-volume pallet container. State-of-the-art: Systems in commercial use and employed in explosion
protection zones or to be filled with flammable contents are, for example, pallet containers with a inner
plastic container produced by a multi-layer process with a conductive and/or permanently antistatic
outer layer, wherein the content is grounded in the bottom region of the container by employing
suitable measures, for example by usingingRASPRNEQE SRRMEGI Ve plastics on the discharge fitting.
The corresponding inner plastic containers are predominantly produced by a three-layer or six-layer
co-extrusion process and have a total wall thickness of about 2-3 mm. The residual insulating wall
thickness rerfiaimningedtert sihisatitan cfltiescoied uctivestiroperfoanpratuainistaliecbotdatiaghly is hereby
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grounding elements made of conductive materials, for example by a pump pipe inserted into the
container andyxade: af electrically conductive plastic, which is electrically connected with the
conductive outer layer of the container (EP 1 497 188 A). A dischargeable plastic container is known
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mechanical reasons 3 cause suitable conductive plastic r e.g., by addition of carbon black)
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their stability at low temperatures.

According to the pertinent technical literature and standards (e.g., CENELEC TR

50404, Page 10) in the technical field relating to electric devices/electronics, a wall
thickness of the insulating material of less than 2 mm in conjunction with a
permanently connected electrical conductor is viewed as providing adequate
safety for preventing charge buildup on the opposite surface of the insulator, which
would ignite contents and gases of the explosion groups Group 1A and [IB with an

adequate discharge.



It is an object of the present invention to improve a multilayer plastic container for use in explosion
protection zones and to be filled with flammable liquids of the explosion group IlA and IIB, such that
the container retains its superior electrostatic characteristics and improved mechanical stability, while
remaining cost-effective, even with increased wall thickness, i.e., a wall thickness exceeding 2 mm.
The container according to the invention is produced as a multilayer container preferably with an
extrusion blow molding process and is characterized by at least one (inner, embedded) layer made of
an electrically conductive plastic material and integrated in the wall of the container body, wherein the
layer divides the remaining residual wall into at least two insulating plastic layers, each having a layer
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highly sensitive liquids for the electroriic industry, the material layer in contact with the content can
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high-purity plastic material, Acgording to another embodiment of the invention, the additignal,
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very thin with a wall thickness of only 0.5-1 mm, allowing the electric charges to be readil%/ "suctioned

through" and®BstHslivaly grpense and have slerticanly BBt BHRIA] RISRS Hhsis Wtegrated
electrically cenghgiidaninsdispetas hasiastslsitiveg sdoieadsnpersiuasive connection with the electrically
discharging standing area of the plastic container by way of the narrow, vertically extending contact
strip made of an electrically conductive plastic material, which is inserted in the outer, electrically
non-conductive or insulating HDPE layer by a process similar to a conventional viewing strip and
which extends in the bottom area of the container up to the parting line. According to another
embodiment, the electric discharge function of the cdntainer can be improved with a four-layer wall
construction, wherein the fourth plastic layer externally covers the existing three layers and is also
made of electrically conductive HDPE plastic material. In this way, electric charges collected in the
integrated (embedded) electrically conductive plastic layer are also suctioned over a large area
through the third layer, which does not consist of an electrically conductive plastic material, and
discharged to ground via the outer electrically conductive layer of the plastic container and its support
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material electrically with the fourth outer layer made of electrically conductive plastic material.
According to another embodiment of the invention, discharge of the accumulated charge carriers from
the integrated inner electrically conductive plastic layer can be promoted and accelerated by
introducing at least one narrow vertically extending plastic strip made of an electrically conductive
plastic material in the outer, electrically conductive plastic layer and the following, electrically
nonconductive or insulating HDPE layer, wherein the strip - when viewed in the radial direction - has
only the thickness of the two layers and has a positive and electrically conductive connection with the
inner integrated, electrically conductive HDPE layer. The one-part {s_ingle piece) plastic container

produced by afh @ BB AERIGAHMEEEGE i BrRtRMR eI AaE RSt SOHBIBRE TRSr. particular
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electrostatic characteristics and improved mechanical stability, while remaining
cost-effective, even with increased wall thickness, i.e., a wall thickness exceeding

2 mm.

The container according to the invention is produced as a multifayer container
preferably with an extrusion blow molding process and is characterized by at least
one (inner, embedded) layer made of an electrically conductive plastic material
and integrated in the wall of the container body, wherein the layer divides the
remaining residual wall into at least two insulating plastic layers, each having a
layer thickness of less than 2.5 mm. The plastic material used for these layers isa

HDPE plastic (high-density polyethylene).

It has been observed that the inner surface of the HDPE plastic layer in contact
with the content is electrostatically charged either not at all or only slightly, if this
inner, insulating and non-conductive plastic layer has a layer thickness of less than
2.5 mm or 2 mm, respectively. By arranging over a large area a plastic layer with
good electric conductivity behind the insulating layer on the inside of the container,
the generated electric charges are transported through the inherently insulating
plastic layer along the shorteét path (less than or equal fo 2.5 mm) and are
“suctioned off” by the underlying electrically conductive layer. After the electrically
conductive plastic layer has absorbed sufficient electric charge and has attained a
sufficiently high charge carrier concentration, these charge carriers are radially
discharged to ground through the outer insulating plastic layer having a layer
thickness of less than 2.5 mm or 2 mm, respectively, and across an electrically

conductive support surface of the plastic container.



<2.5mm

Insulatingplastic(HDPEvirgin material) 2 <5%o0f thickness the total

With the container wall according to the invention, due to the large area contact
surface of the two layers in the radial direction, the negatively charged
electrons/charge carriers, which electrically charge the inner surface of the plastic
container, are drawn through the layer which is made of HDPE virgin material in
the radial direction across a very short distance {less than/equal to 2.5 mm) and
received by the electric conductor, where they accumulate. The charge gradient
from the inside (high) to the outside (low) causes radially outward migration of the
charge carriers through the ‘insulating layer’. The electric conductivity of the
electrically conductive plastic layer is adjusted through addition of carbon black
compounds. Because carbon black is very expensive, the electrically conductive
plastic layer is generally made very thin (less than/equal to 5% of the total wall

thickness).

If the plastic container according to the invention is to be used for sensitive and
expensive chemicals, the innermost layer in contact with the liquid content may
advantageously be made of HDPE virgin material, and the second integrated
HDPE layer which is covered by the innermost virgin material layer is rendered
electrically conductive by suitable additives (e.g., carbon black), wherein the
outside of the electrically conductive layer is covered by at least one additional
electrically non-conductive or insulating HDPE layer. When used with high-purity,
highly sensitive liquids for the electronic industry, the material layer in contact with
the content can consist of a particularly pure plastic raw material which is
completely free of contamination, such as catalysts and stabilizers or harmful
metal ions, thereby satisfying the high cleanliness requirements for the particutar
content. in particular, catalyst residues, fillers, stabilizers, antioxidants,
softeners/plasticizers or process aids, such as stearates etc, are regarded as

contaminants of the high-purity plastic material.

According to another embodiment of the invention, the additional, electrically
non-conductive or insulating HDPE layer is interrupted by a narrow, vertically



wall EIeCtricaIIy conductive plastic 3 outside <2.5 mm Insulating plastic (HDPE) 4-layer (layers
numbered in ascending order from the inside to the outside): Layer

extending plastic strip made of an electrically conductlive plastic material - similar
to a viewing strip -, which - when viewed in the radial direction - has only the
thickness of the additional, electrically non-conductive or insulating HDPE layer
and has a positive and- electrically conductive connection with the integrated,
electrically conductive HDPE layer. The plastic container has here an additional
continvous, i.e., unbroken, inner layer made of HDPE virgin matetial which can
optionally be made very thin with a wall thickness of only 0.5-1 mm, allowing the
electric charges to be readily “suctioned through” and absorbed by the “inner”
infegrated electrically conductive plastic layer. This integrated electrically
conductive plastic layer has a good electrically conductive connection with the
electrically discharging standing area of the plastic container by way of the narrow,
vertically extending contact strip made of an electrically conductive plastic material,
which is inserted in the outer, electrically non-conductive or insulating HDPE layer
by a process similar to a conventional viewing strip and which extends in the

bottom area of the container up to the parting line.

According to another embodiment, the electric discharge function of the container
can be improved with a four-layer wall construction, wherein the fourth plastic layer
externally covers the existing three layers and is also made of electrically
conductive HDPE plastic material. In this way, electric charges collected in the
integrated (embedded) electrically conductive plastic layer are also suctioned over
a large area through the third layer, which does not consist of an electrically
conductive plastic material, and discharged to ground via the outer electrically
conductive layer of the plastic container and its support surface. In addition, the
third layer which is not made of a conductive plastic material, may also be
interrupted by a narrow vertically extending contact trip made of an electrically
conductive plastic material - similar to a viewing strip -, which - when viewed in the
radial direction - has only the thickness of the electrically non-conductive or
insulating HDPE layer, thus functioning as a conductive bridge which directly
connects the integrated inner plastic layer made of electrically conductive plastic



Layer_thickness Layer material 1 inside <2.5 mm (up to ca. 45%) Insulatingplastic(HOPEvirgin
material) 2 <5%ofthetotalwall thickness Electrically conductive plastic 3

material electrically with the fourth outer jayer made of electrically conductive

plastic material.

According to another embodiment of the invention, discharge of the accumulated
charge carriers from the integrated inner electrically conductive plastic layer can
be promoted and accelerated by introducing at least one narrow vertically
extending plastic strip made of an electrically conductive plastic material in the
outer, electrically conductive plastic layer and the following, electrically non-
conductive or insulating HDPE layer, wherein the strip - when viewed in the radial
direction - has only the thickness of the two layers and has a positive and
electrically conductive connection with the inner integrated, electrically conductive
HDPE layer.

The one-part {single piece) plastic container produced by an extrusion blow
molding process is implemented with at least three layers, for particular
applications also with four or seven layers, and has the following layer

construction:

3-layer (layers numbered in ascending order from the inside to the outside):

Layer Layer thickness Layer material
1inside [<2.5mm Insulating plastic (HDPE  virgin
material)
2 <5% of the total wall Electrically conductive plastic
thickness
3 <2.5mm Insulating plastic (HDPE)
outside |




<2.5 mm (up to ca. 45%) Reclaimedprocessmaterial+ insulating plastic (HDPE) 4 outside
<5%ofthetotalwall thickness Insulating plastic (HOPE) 7-layer (layers numbered in ascending order
from the inside to the outside): Layer Layer thickness

4-layer (layers numbered in ascending order from the inside to the outside}:

Layer Layer thickness Layer material

1 inside | <2.5 mm (up to ca. 45%) Insulating plastic (HDPE  virgin
material)

2 <5% of the total wall|Electrically conductive plastic

thickness

3 <2.5 mm (up to ca. 45%) Reclaimed process material -+
insulating plastic (HDPE)

4 <6% of the total wall| Insulating plastic (HDPE)

outside | thickness

7-layer (layers numbered in ascending order from the inside to the outside):

Layer Layer thickness "| Layer material
1 inside | <2.5 mm (up to ca. 45%) Insulating plastic (HDPE  virgin
material}
2 <6% of the total wall| Electrically conductive plastic
thickness
3 Insulating bonding agent (admer) ca.
, 3%
4 <2.5 mm {up to ca. 45%) Insulating barrier plastic (polyamide
PA or EVOH) ca. 3%
5 of the total wall thickness Insulating bonding agent {(admer) ca.
3%
6 Reclaimed process material +
insulating plastic (HDPE)
7 <5% of the fotal wall|Insulating plastic (HDPE) + dye
outside | thickness

The sensitive content then advantageously does not come into contact with the

electrically conductive plastic layer {(containing carbon black).



Layer material 1 inside <2.5 mm (up to ca. 45%) Insulatingplastic(HOPEvirgin material) 2
<5%ofthetotalwall thickness Electrically conductive plastic 3 <2.5 mm (up to ca. 45%) of the total wall
thickness

With the corresponding layer construction, the maximum layer thickness of the
insulating plastic layers in the entire wall is thereby less than 2.5 mm, ihus
preventing critical electric charge buildup of exposed insulating surfaces. A lesser
quantity of expensive conductive plastic materials is used due to the very thin
construction of the corresponding layers. These very thin layers of conductive
plastic material are also substantially more flexible than a single briitle plastic layer
with carbon black applied to the outside of a corresponding container, thereby
signiﬁcahﬂy improving the low-temperature stability. it should be noted that the
addition of carbon black - as is generally known - can significantly degrade the

mechanical properties of electrically conductive plastics.

For grounding the potential content inside the container through a direct electric
connection from the inner surface to the outer surface, the container of the
invention in the embodiment with electrically conductive plastic layers can aiso be
constructed such that the insulating plastic layers are partially interrupted or
bridged by conductiy.e plastic material, thereby connecting the conductive layers

inside the container wall with one another.

An essential feature of this local layer disruption is that the partial disruption of one
layer does not lead to a disruption in the radial direction of other fayers or all layers,
so that no continuous conductive connection throughout the entire wall thickness
is established. With this advantageous embodiment, mechanically weak areas in
form of contiguous material accumulations (in the radial direction as well as in the
axial direction) of the brittle conductive plastic which occurs with similar
conventional solutions (DE 102 42 955 Sch.) are eliminated, which significantly
improves the shock resistance of containers constructed in this way.

The conductive strips which are arranged over a limited local area within the non-
conductive insulating plastic layers of the container wall extend preferably parallel
fo the longitudinal container axis in the vertical direction across the container body



Insulating bonding agent (admer) ca. 3% 4 Insulatingbarrierplastic(polyamide PA or EVOH) ca. 3% 5
Insulating bonding agent (admer) ca. 3% 6 Reclaimedprocessmaterial+

and radially across the bottom/top surface of the container. However, the
conductive contact strips may also have other forms, for example, a point-shape or

a spiral-shape.

At least one local conductive connecting point is provided for each insulating layer.
Additional locally conductive connecting strips for each layer can be easily
implemented and applied depending on the manufaciuring process.

The position of the local conductive connecting strips - as viewed in the
circumferential direction - in the individual insulating layers can be freely selected

for diffarent embodiments having mutual offsets.

In an embodiment preferred for implementing the process, the sirips are
advantageously positioned in the container wall parallel to the container axis, or
vertical, with an offset of about 10° from the mold parting line. In the
corresponding arrangement, the two local conductive strips are arranged in the

various layers with a mutual offset of 180°,

Schematically illustrated exemplary embodiments of the invention will now be
explained and described in greater detail with reference to the drawings.

Figure 1 shows a plastic container of the invention constructed as a to 20 liter
L-ring drum,

Figure 2 shows a 3-layer construction of the invention with conductive center
layer,

Figure 3 shows a 4-layer construction of the invention with conductive center
layer,



insulating plastic (HDPE) 7 outside <5%o0fthetotalwall thickness Insulating plastic (HDPE) + dye With .
the corresponding layer construction, the maximum layer thickness of the insulating plastic layers in
the entire wall is thereby less than 2.5 mm, thus preventing critical electric charge buildup of exposed
insulating surfaces. A lesser quantity of expensive conductive plastic materials is used due to the very
thin construction of the corresponding layers. These very thin layers of conductive plastic material are
also substantially more flexible than a single brittle plastic layer with carbon black applied to the
outside of a corresponding container, thereby significantly improving the low-temperature stability. It
should be noted that the addition of carbon black - as is generally known - can significantly degrade

the mecmmcﬁ;@d%"&”ieséﬁo cirically condstiva plastion feeafioHnWifodbeineieatsmentent inside

the container through a direct electric connection from the inner surface to the outer surface, the
container of the invention #¥f& embodiment with electrically conductive plastic layers can also be
constructed such that the insulating plastic layers are partially interrupted or bridged by conductive

plastic material, thereby connecting tre conductive laye insic? Hi [ Ly4ith.ape another.
An essential fEMHR Bf thiSISS Ay %EF&BE&CH Lfs& {ﬂ'gtotﬁ?[g Batia ﬁgﬁ&@gﬁ)%}% layer does not lead
to a disruption in the radialaijeectiahloéaitbendagtive siriph [aythesinsolaiorayesdtintdus conductive
connection throughout the entire wall thickness is established. With this advantageous embodiment,

mechanically weak areas in form of contiguous material accumulations (in the radial direction as well

as in the axialfdgiiern) ofelhrwsritelé-Eiad ransrurEenof e W SHARAH BN G EFTIBhal

solutions (DE 102 42 955 §gh,) e Bliaiesirdicnicdpgnifinantyimmguagete shock resistance of
containers constructed in this way. The conductive strips which are arranged over a limited local area

within the non- conductive insulating plastic layers of the container wall extend preferably parallel
The plastic container of the invention can be formed, for example, as a jerrican or

fassett, as a bunged drum, as a lidded drum with drum lid and tension ring closure,
or as an inner container of a large-volume pallet container. A plastic container of
this type has generally vertical container walls with a horizontal container top and
bottom, wherein closable gas- and liquid-tight fill and drain openings are arranged

at least in the container top or in the container lid, respectively.

Figure 1 shows an embodiment of a 22 liter bunged drum, having the reference
numeral 10. The average wall thickness of this bunged drum with a standard
weight of 8.5 kg is approximately 3 mm to 3.5 mm in the wall region. In a heavier
embodiment (US version) of a 22 liter bunged drum (55 US gallons) weighing in
excess of 10 kg, the average total wall thickness is about 3.5 mm to 4.5 mm. A
rectangular wall segment in the vertical container wall of the drum 10 is indicated
with “X”. Different embodiments of the wall consfruction of this wall segment will
be more explained and described in more detail in the following figures. The virgin
material used for the inner and/or outer layer or for mixing with reclaimed material
(scrap material and/or mill material) is preferably high density polyethylene (HD-
PE, e.g., Lupolen 5021 D) or high-molecular polyethylene (HM-PE, e.g., Lupolen
5261 Z). '
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to the longitudinal container axis in the vertical direction across the container body and radially across
the bottom/top surface of the container. However, the conductive contact strips may also have other
forms, for example, a point-shape or a spiral-shape. At least one local conductive connecting point is
provided for each insulating layer. Additional locally conductive connecting strips for each layer can be
easily implemented and applied depending on the manufacturing process. The position of the local
conductive connecting strips - as viewed in the circumferential direction - in the individual insulating
layers can be freely selected for different embodiments having mutual offsets. In an embodiment
preferred for implementing the process, the strips are advantageously positioned in the container wall

{3 7w

parallel to the tbAtilEE¥RIRDIBF Y EFaBaINRAtaBHEStBTAIRIUYAD SASHPTh O BRY @ EIese. In the

COffeSpond'”Qﬁfé@@%ﬁ%ﬂ&t%l%@%ﬁ@ﬁ@%tﬁsﬂ'%éf&rﬁfﬁ%ﬁﬂﬁ@r”ﬂa&ﬂ# varigusyars with a
mutual offset of 180. Schemaﬂcallg illustrated exemgfg embodiments of the invention will now be

explained and"ilsdpeanie N e e dRRITReHRG P IR¥RIs'E Fastic
container of theadecsitiam cleosicatiiechad wctive GiltdtH plasfid wyraddigiore ol stavienebB by and

construction O{htg eoI rerllélff)enr \q/gqsc%r%g;gcltﬁ\éel_ec%%%r l%¥%l’rgm HD-PE material, optionally with

intermixed, for example blue, color pigments.

Figure 3 shows a particularly preferred embodiment having a four-layer wall
construction according fo the invention with a thin conductive inner layer. The
inner layer 12 contacting the content is once more made of insulating plastic (HD-
PE virgin material) having a layer thickness of, in this case, approximately 0.5 mm
(which can reach about 45% of the total wall thickness), the following integrated
thin layer 14 is made of electrically conductive HD-PE plastic with a layer
thickness of less than 5% of the total wall thickness, the third layer 16, which is
now also an interior layer, is made of reclaimed process material and insulating
plastic (HD-PE virgin material) with a layer thickness of about 1.5 mm or up to
45% of the total wall thickness, and the outer fourth layer 18 (on the outside of the
plastic container) is made again of electrically conductive plastic (HD-PE with
carbon black) with a small layer thickness of less than 5% of the total wall

thickness.

Another exemplary embodiment is illustrated in Figure 4.' The wall construction
(according to Fig. 3) for attaining optimal barrier properties to prevent leakage of
volatile components (e.g., hydrocarbons, carbon dioxide, aromatic materials and
the like) from the content is augmented up by three additional layers 20, 22 and 24,
which are arranged between the comparatively thin electrically conductive layer 14
and the comparatively thick layer 16. The layer 22 is made of an isolating barrier
plastic (polyamide PA or EVOH), and the two adjacent layers 20 and 24 are made
of an insulating bonding agent (admer) for forming a material connection between
the different plastic materials (HD-PE and polyamide PA or EVOH), which without
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Figure 3shows a 4-layer construction of the invention with conductive center layer, Figure 4shows a -
7-layer construction of the invention with conductive center layer, Figure 5shows a 4-layer construction
of the invention with conductive center layer and local conductive strips in the insulating layers, and
Figure 6shows a 7-layer construction of the invention with conductive center layer and local conductive
strips in the insulating layers. The plastic container of the invention can be formed, for example, as a
jerrican or fassett, as a bunged drum, as a lidded drum with drum lid and tension ring closure, or as an
inner container of a large-volume pallet container. A plastic container of this type has generally vertical
container walls with a horizontal container top and bottom, wherein closable gas- and liquid-tight fill

and drain opegiggs e EHORMN RBPkiIE EoRRNERRRPIisrlp ablGRid reaectively
Figure 1 shows an embodiment of a 22 liter bunged drl%\m,ﬁ%ngﬁwe?geferggaeg%me@kl&. The
average wall thitlves Brigkness Rhea ohiNRes e QU AR RCor 8.8k 5€ Approkimately 3 mm to
3.5 mm in thegwaligeging) ImrirRA e BetRdDre tayei S atbibivinybakaRljds lungadeationais5 US
gallons) weighing.in excess of 10 the aver I -P%% j ut 3.5 mmto 4.5 mm. A
rectangular Wgﬁl%@gﬁ &t ?r?%ne]%ne\‘ﬁ‘(]:sa chﬁt%ai%%%%v?é %%%W rurr{ fﬁ?ﬁ%@émed with "X". Different
embodiments of the wall construction of this wall segment will be more explained and described in

more detail inﬁ]g fgu(?mmgrggé&%dméﬁf"ﬂgbm@rfﬁ' M thesinggsiang/ esuitsetayedior for

mixing with reclaimed material (scrap material and/or mill material) is referagg/l\ﬂg depsai;[y
polyethylene GonstEction as (Bofdd: 5H2RoMPYRhigh-BRREMRSTRFe AR BAS BEC 2.2 Lupolen

5261 2). electrically conductive plastic and extending in the longitudinal container direction,
or vertically, are inserted in the insulating plastic layers 12 and 16. For example,

two of each of these strips may be incorporated.

The strips can have a width (in the circumferential direction) of about 10 mm {o 50
mm. These strips 26 and 28 provide, on one hand, an electrically conductive
bridge connection between the liquid content and the inner electrically conductive
thin layer 14 and, on the other hand, an electrically conductive bridge connection
between the inner electrically conductive thin layer 14 and the electrically
conductive thin layer or outer layer 18. These two strips 26 and 28 which provide
" a connection to ground are introduced into the tubular preform in a conventional
manner of a viewing strip. The pre-form is extruded from an annular nozzle of a
circumferential manifold or an extrusion accumulator head and expanded with

compressed air in a biow mold to the shape of the finished container.

Unlike a conventional continuous, electrically- conductive connecting strip which
extends through the entire wall like a viewing strip - as viewed in the radial
direction -, each of the two strips 26, 28 extends in the wall of the respeciive
container in the radial direction only partially, i.e., not all the way through. In
addition, the two strips 26 and 28 are laterally spaced apart and arranged with a
‘mutual offset at different positions along the periphery of the plastic container.
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In a first exemplary embodiment, the rectangular wall section "X" having a three-layer wall construction
is shown in Figure 2, wherein the inner layer 12 in contact with the content is made of virgin HDPE
material, the intermediate thin layer 14 is made of an electrically conductive HD-PE plastic by addition
of carbon black, and the outer layer 16 is once more made of virgin HD-PE material, optionally with
intermixed, for example blue, color pigments. Figure 3 shows a particularly preferred embodiment
having a four-layer wall construction according to the invention with a thin conductive inner layer. The
inner layer 12 contacting the content is once more made of insulating plastic (HD-PE virgin material)
having a layer thickness of, in this case, approximately 0.5 mm (which can reach about 45% of the

total wall thickA8sEgPiRtetbiid\iisiiat Sy rive craerifiageprrbedimanie Wik et tirastyiwen¥ridigedyHD-PE

plastic with a laynthidesstaef isssthaviRyachiealdatuall thickieamiErentidrdirudion Gnayhich is now
also an interior layer, is made of reclaimed process material and insulating pla tic?g(r']HD-PE virgin
material) with 33%/25 {TIBIGESIEH 4B AREG AR P BAAUS B ALYt CRREEERd the outer
fourth layer 18T{endleetdcitiylecpidtingiplasinsttoshidn2d)dstenad ealydirsivkdles thick)\elauiribaityve plastic

(HD-PE Wit caghon ekl LAY SICER O bR T A sdriBLya phness

Another exemplary embodimentis’i I'in Fic e wall construction (according to Fig. 3) for
attaining opting@nteitti@ngrdive ritee toopraustivie ki daper Jitivhererso e ts (P, 30hgdiidirbons,

carbon dioxides@HImatifo8iesipl5ea¢dhoadiked i BIs SaRNbASRIGRBHEg RRYERagadditional
layers 20, 22 and 24, which are arranged between the comparativeI)( thin electricail'l‘}éﬂpon uctive layer

14 and the cofﬂﬁ&féﬁﬁfél?lm?gyéfofé.uﬁ‘@lgygrf%efs%a%kd Jhe Fiesiterlly senictissiiNpolyamide
PA or EVOH) catst theeii@ adjacent layers 20 and 24 are made of an insulating bonding agent (admer)
for forming a material connection between the different plastic materials (HD-PE and polyamide PA or
EVOH), which without a bonding agent would not adhere to one another merely through direct
contact. The |dperitmekinegrofesbeledfidadysonrielinmidRisiamrig isralezficabngosdudivdie total wall
thickness. The bV QH N GhEBMARIAROIN) dsAAEMAA AN BLEAEHE BBl SRR SFd as a

gas-and oxygen-barrier material. The exemplary embodiment depicted in Figure 5 has again a

four-layer walPlesEeRIBtisANSY RS Plastipreteiabanth fittadrsath B e irnes weddtdm lectrically
conductive plaséigng eedingiDrbBeJipgigitiiralatpRiRioer sbnestie Nty verieallyaadeignaerted in the

insulating plastic Jayers 12 and 16. For example, two of each of these strips may be incorporated. The
strips can ha\fédcg' Btﬁ"(iﬁ‘ﬂ?l”&ﬁﬁ&rﬁ%@ﬁ%d.‘F88{?o°2)‘6 stﬁt ‘1@%5 Lfg%@ € Cg"scfiﬁls?rips 26
and 28 providglasticdegehatal abiease ctrecatiditonalustivia diridite road e exdtiarmnwstvetivibelbgiicd content

e o SISEHEC AR SRR D S G R B B IR e

bridge connection veen the inner electrically conductive thin layer 14 and the electrica

conductive thidyasewbichreyeatke Imer idegrairsisiasd izalrrpodumiver i Bt devardoidbgion to
ground are ing@yged into the tubular preform in a conventional manner of a viewing strip. The
pre-form is extruded from an annular nozzle of a circumferential manifold or an extrusion accumulator
head and expanded with compressed air in a blow mold to the shape of the finished container. Unlike
a conventionaf ¢eiaisuats, siesldchita coodustiiencoanaating: shiép foimal ehdbmesntitheuiingne entire
wall like a viewing strip -.as viewed in the radial direction -, each AWQ St [ extends in the
wall of the respLe ?\?eéé%dn&tgﬁl8%%&%’%38%?%@éacﬁgﬂc%‘rq@rbgrt?ﬁﬁ%%?'%?v é%igg%/ilsg)% -'gﬁégh. In
addition, the twacktripl @hdnctize pladticeraiiesiphdbat aprartalne drtegrgéeiwinhtheaniginainfget at
different positions alangiRpariBher ofhe RlRRieSOURIRET indRideRIqiRGin Sadtsdhthisgnodified

embodiment with at least two vertically extending contact strips having a mutual offset in the
circumferentiXigned doihe dpditd isechinpleischese snalsaiirncindeial waliticknessepl figer wall

construction. ddgfgtrically conductive plastic strip 26 extends only inside the thick, electrically
non-conductive plastic layer 12 and provides an electrical connection between the content and the
inner conductive thin layer 14, whereas the strip 30 extends radially across the layers 20, 22, 24 and
16, forming amteEeatéc bfidgairernee sthesimegiated electrically conductive thiaskityenatériald the

electrically Coéyv%%qggetgmlg%%rnliﬁxgmf reduces the otherwise unpreventable deterioration of

the low-temperature stability.
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The inner integrated electrically conductive HDPE layer is in electrically conductive contact with the
content inside the container via at least one contact strip made of electrically conductive plastic
material and introduced in the inner layer made of insulating plastic (HDPE virgin material) which
contacts the content, and is in addition in electrically conductive contact with the outer electrically
conductive plastic layer via at least one additional contact strip made of non-conductive plastic
material (without the addition of carbon black) and introduced in the remaining layers which cover the
inner integrated electrically conductive HDPE layer from the outside. If necessary, an electrical
connection can hence be formed between the inner surface and the outer surface of the container, in

combination with,lacal sections magaetiroprbstiveinientim aeseldittene plastitiagratals in the
remaining insulating residual layers. The thickness of the individyal léj'lial cgnpectioqo-laas Xidewed in the

radial directioAreissHepbeshBRBT et theasyatHIR LR &r FECUaNeIRIR TS tontinuous

strips made of&iRspicAlsendusiie plafiimntaiangl atdkastateer dbysignivitentip eutaethe

otherwise unpreventable eteéioratigp cfr i%g?gowéhqg&%% Are g%ymmé?iglro(%ls@qg%wng to the
ri

present inven{ﬂyﬁfﬂ‘ﬁe@ e n??)las‘ﬁc materials are supplied from at least three extruders to a
circumferentiahateriip| dharidtegshtadcayatcaveied &y phefinehiayeigiamads: ¢hatkaerticalherein the

inner layer is Liade gl angRal Adienan (e vAtee RiaiadenisK b daBen iaicnaimiialy the

integrated layer covered by the inner layer Is made of an eIectrical%conductiv%f)ﬁlﬁstic mzigléarial (e.g.,

HDPE with adeig8iveaicaisshayricihishdsaRlstiadr A AR s RFalKiBATCEE HXE &S electrically
non-conductivg Aai¢rnaiesiahit QREsiANyMDB e phigduh idaspraide is 2xparspdridieg

corresponding blow mold wijth compressed air o a hollpw plastic bpdy. The cir jialimanifold is
additionally p?af?l‘ﬂe‘a’?/{ﬂth“’é\tbpﬁ?ﬁ?ﬁ%s §aﬁ§r fé? iﬁt%%}l@)gyné)%sé?%o%% tsh;ﬁgscﬁnauge _ofgeﬂlgégtrically
conductive plastiifdldtesiahdditaiesiye gioddtdn witthapmrenoatendnsasstcioor ikRIYCRBiIdA%re made
ofan e'ectfica{gﬂgé‘%?z u%ﬁ’c?e%?%@c‘fﬁ@ﬁﬂ%on}d&&@ fReneRRYEbals 4a3R0dilssleatic bunged

drum 12inner virgin material layer 14thin electrically conductive layer 16insu atin% ?!r electrically
non-conductivia |dker interior and/or exterior layers, which are made” of an electrically

nonconductive plastic material.
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18thin eleectrically conductive layer 20insulating bonding agent (admer) 22insulating plastic barrier
material (PA or EVOH) 24insulating bonding agent (admer) 26contact strip made of electrically
conductive plastic 28contact strip made of electrically conductive plastic 30contact strip made of
electrically conductive plastic Claims 1. Multilayer thermoplastic container for storing and transporting
liquid content, in particular for flammable or explosive contents, wherein the container is made of at
least three layers and has a layer that is permanently electrostatic non-chargeable or electrically
discharging, characterized by

List of Reference Symbols

10 220 liter plastic bunged drum
12 inner HDPE virgin material layer
14 thin electrically conductive layer

16 insulating or efectrically non-conductive layer

18 thin electricaily conductive layer

20 insulating bonding agent (admer)

22  insulating plastic barrier material (PA or EVOH)

24 insulating bonding agent (admer)

26 contact strip made of electrically condugtive plastic
28 contact strip made of electrically conductive plastic
30 contact strip made of electrically conductive plastic
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a layer (14) integrated in the wall of the container body and made of electrically conductive and/or
permanently antistatic HOPE plastic material, which divides the remaining residual wall into at least
two insulating HDPE plastic layers (12, 16), with each layer having a thickness of less than 2.5 mm. 2.
Plastic container according to claim 1, characterized in that the innermost layer (12) in contact with the
liquid content is made of HOPE virgin material and the second integrated HDPE layer (14) which is
covered by the innermost virgin material layer (12) is rendered electrically conductive by suitable
additives (e.g., electrically conductive carbon black), wherein the electrically conductive layer (14) is
covered on the outside by at least one additional electrically non-conductive or insulating HDPE layer
(16). 3. PIast'Elgfm@iner according to claim 2, characterized in that the additional, electrically
non-conductiveror msulating HDPE layer (16) is interrupted by a narrow, vertically extending plastic
strip (28) made of an electrically conductive plastic material - similar to a viewing strip -, which - when
viewed in the {adial giiaatigsr 1hamephisiedbigkinessovfstoermapaittbinahsplerting tityidowentiuctive or
insulating HDPE la _eréli?g d has, a positiv. ar% lectricall ' et ' e
integrated, elé%t%'i/ﬁﬂ}' b 3@?@8’5@%@%@%’8 %&?f&% a%’t%%%ﬁgiﬁﬂe%%%@éﬁg%%g?mml, 2,013,
characterized4tyladstutHemerayaiicamstrivatorn VayereiiahdSopeimpnanity| S)eriestalicd?iBly covers

the existing thige lavers (12, 144k AddsaRbiRgnade of electrically conductive HDPE plastic material.
characterized by
a layer (14) integrated in the wall of the container body and made of electrically
conductive and/or permanently antistatic HDPE plastic material, which divides the
remaining residual wall into at least two insulating HDPE plastic layers (12, 16),

with each layer having a thickness of less than 2.5 mm.

2. Plastic container according to claim 1,

characterized in that

the innermost layer (12) in contact with the liquid content is made of HDPE virgin
material and the second integrated HDPE layer (14) which is covered by the
innermost virgin material layer (12) is rendered electrically conductive by suitable
additives (e.g., electrically conductive carbon black), wherein the electrically
conductive layer (14) is covered on the outside by at least one additional

electrically non-conductive or insulating HDPE layer (16).

- 3. Plastic container according to claim 2,

characterized in that

the additional, electrically non-conductive or insulating HDPE layer (16} is
interrupted by a narrow, vertically extending plastic strip (28) made of an
electrically conductive plastic material - similar to a viewing strip -, which - when
viewed in the radial direction - has only the thickness of the additional, electrically
non-conductive or insulating HDPE layer (16) and has a positive and electrically
conductive connection with the integrated, electricaily conductive HDPE layer {14).
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5. Plastic container according to claim 1, 2, 3 01 4, characterized in that the innermost layer (12) made
of insulating plastic (HDPE virgin material) in contact with the content has a thickness of less
than/equal to 2.5 mm (up to about 45% of the total wall thickness), the integrated electrically
conductive plastic layer (14) has a wall thickness of less than/equal to 5% of the total wall thickness,
the additional, electrically non-conductive or insulating HOPE layer (16) also has a thickness of less
than/equal to 2.5 mm (up to about 45% of the total wall thickness), and the outer, electrically
conductive plastic layer (18) also has a wall thickness of less than/equal to 5% of the total wall
thickness. 6. Plastic container according to claim 1, 2, 3, 4 01 5, characterized in that at least one
narrow verticafly extétiaitig prasaieetasqomlingdeslaingibcti®als conductive plastic material is inserted

in the outer, e@p&rﬂge{@rwﬁtive plastic layer (18) and the following, electrically non-conductive or
insulating HDPE layer (16), wherein the strip (28) - when viewed in the radial direction - has only the
thickness of tife fﬂ%‘l@ﬁs“{’ , FRsiEal ;’%g&?ﬂe@%d{%ﬁ'gﬁrﬂgﬁj% ﬁ%cz\{g)cgﬁ?%%ﬁ[ with the
inner integrateshvelsctiicalyistingubtise HEPE [dPer(44)16)7 aRthicatEmniame adceletitigatyclaim 1, 2,
3,4,5o0r6, chc%rl%; gﬁ'g%g_'ﬁﬁ&%%ﬁgﬁgf%ﬁglnarrow vertically extending plastic strip (26) made of

electrically conductive plastic material is inserted in the innermost layer (12) which is in contact with
the content and is made of insulating plastic (HDPE virgin material), wherein the strip (28) - when

viewed in the gadial difegiiorsnRASH AYRBIHY EResm0f thisslayer (12) and is has a positive and
electrically conductive connection with the inner integrated, electrically conductive HDPE layer (14). 8.

Plastic contaif2REBRERRIE M of the preceding claims 1 to 7, characterized in that
the innermost layer (12) made of insulating plastic (HDPE virgin material} in

contact with the content has a thickness of less than/equal to 2.5 mm (up to about
45% of the total wall thickness), the integrated electrically conductive plastic layer
(14) has a wall thickness of less than/equal to 5% of the total wall thickness, the
additional, electrically non-conductive or insutating HDPE layer (16) also has a
thickness of less thanfequal to 2.5 mm (up to about 45% of the total wall
thickness), and the outer, electrically conductive plastic layer (18) also has a wall
thickness of less than/equal to 5% of the total wall thickness.

8. Plastic container according to claim 1, 2, 3, 4 or 5,

characterized in that

at least one narrow vertically extending plastic strip (28) made of electrically
conductive plastic material is inserted in the outer, electrically conductive plastic
layer (18) and the following, electrically non-conductive or insulating HDPE layer
(16), wherein the strip (28) - when viewed in the radial direction - has only the
thickness of the two layers (16, 18) and has a positive and electrically conductive
connection with the inner integrated, electrically conductive HDPE layer (14).

17



a so-called "barrier layer" made of polyamide PA or EVOH, optionally two admer/bonding agent: layers
(20, 22, 24), is arranged between the inner integrated, electrically conductive HDPE layer (14) and the
covering electrically nonconductive or insulating HDPE layer (16) (made of a virgin material and/or
regrind material). 9. Plastic container according to one of the preceding claims 1 to 8, characterized in
that the inner integrated electrically conductive HDPE layer (14) is in electrically conductive contact
with the content disposed in the interior of the container via at least one contact strip (26), which is
made of electrically conductive plastic material and which is inserted into the innermost layer (12)
made of insulating plastic (HDPE virgin material) and in contact with the content, and that the inner

integrated elegtrically,gopdustiis HPREJaeY (34 dfin eledrigadiveanductive contact with the outer

electrically conductive plastic layer (16) via at least one additional contact strip (30) made of
electrically cogbactcietestit'Hi#erial (without addition of carbon black), which is inserted into the

remaining layggsiéhet e Aandnthaliutinalyendir thlastioestite@@teniaglecticalBctinallvictive

HDPE layer (14). ,10.Method for producing a multi r ' ' FACteHzed;in that three
different plastﬁéoﬂﬂjéicét}}’aﬁsa?gt[scu B%?%He}(fro'% o Fﬁés&%ﬁéﬁ%iﬁﬁﬂgﬁ%oqg%eg E@%rﬁﬂrﬁgnigfﬁwhere

they are formedriteict avithtthensotient dayis toirdarofremtatingrasiciidiRTe virgi materialh of an
electrically ”O%ﬁegrgﬁu“ﬂé"gtﬁbaﬁgi mateialiler i e amataredione e armieddaiikaeyered by the
a

inner layer is made of an electrically conductive plastic material (e.%.,éﬂDPE with adéjitri]opﬂfg'f carbon
black), and arphtitinilavar 6lre R MR Rosiie ARASISCHIPRRX GARAHG NSRRI B stic

material (HORE] iqheh MiaiaifetisiéeridanpteeinatisceMIRE ey an ¢l ¢prresponding blow mold with
compressed air to a hollow plastic body. :
8. Plastic container according to one of the preceding claims 1to 7,
characterized in that
a so-called "barrier layer” made of polyamide PA or EVOH, optionally two
admer/bonding agent layers (20, 22, 24}, is arranged between the inner integrated,
electrically conductive HDPE layer (14) and the covering electrically non-
conductive or insulating HDPE layer (16) {made of a virgin material and/or regrind

material).

9. Plastic container according to one of the preceding claims 1 to 8,
characterized in that

the inner integrated electrically conductive HDPE layer (14) is in electrically
conductive contact with the content disposed in the interior of the container via at
least one contact strip (28), which is made of electrically conductive plastic
material and which is inserted into the innermost layer (12) made of insulating
plastic (HDPE virgin material) and in contact with the content, and that the inner
integrated electrically conductive HDPE layer (14) is in electrically conductive
contact with th‘e outer electrically conductive plastic layer (16) via at least one
additional contact strip (30) made of electrically conductive plastic material
(without addition of carbon black), which is inserted into the remaining layers (16,
20, 22, 24) that externally cover the inner integrated electrically conductive_ HDPE

layer (14). .
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10.  Method for producing a multilayer plastic container,

characterized in that

three different plastic materials are supplied from at least three exiruders to a
peripheral manifold where they are formed info an at least three-layer tubular

preform,
wherein the inner layer is made of an electrically non-conductive plastic material

(HDPE virgin material), the integrated layer covered by the inner layer is made of
an electrically conductive plastic material (e.g., HDPE with addition of carbon
black), and an additional outer layer which is also made of an electricaily non-

conductive plastic material (HDPE), and
" wherein this tubular preform is expanded in a corresponding blow mold with

compressed air to a hollow plastic body.
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