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(57) Abstract: The invention con-
cerns a fuel tank of plastic with a
multilayered tank wall comprising at
least one inner layer of thermoplastic
material and at least one outer layer
of afibre composite material. The in-
ner layer and the outer layer are con-
nected to each other by a material
bond.
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Fuel tank of plastic and nethod for the production
t her eof

The invention <concerns a fuel tank of plastic and a
method for the production thereof.

Known plastic fuel tanks for notor vehicles are forned
as fuel tanks based on polyethylene (HDPE) . These

usually have either a multilayered wall structure wth
barrier | ayers for hydrocarbons or have been nmade
resi st ant to hydr ocar bons by chem cal t r eat ment

(fluorination/sulf onation) . Plastic fuel tanks based on
HDPE have the advantage that they can be produced wth

a spatially relatively conpl ex desi gn and have
sufficient shape retention and stability. Such fuel
tanks are also sufficiently inpact resistant, so that,
in t he event of a cr ash, t hey can wi t hst and

corresponding collision forces. Short-term deformations
of a fuel tank in the event of a crash do not generally
lead to any permanent changes in contour. Finally, the
known plastic fuel tanks also retain their shape to the
greatest extent when the internal pressure is increased
for a short time, at least such that they resune their
original shape when the pressure subsides .

In order to prevent changes in shape of the envel ope of

fuel tanks in regions covering large areas of the
cont ai ner wal |, it is known to provide supporting
elements of various kinds inside the fuel tank. 1In the
case of relatively small plastic fuel tanks, even the

internals provided in the tank, for exanple in the form
of internal baffles, feeding units or the like, have a
stabilizing effect on the tank.

Stabilizing measur es for pl astic f uel t anks are
becoming increasingly inportant wth the introduction
of hybrid vehicles. In the case of diesel or petrol
vehi cl es, fuel tanks usually conmunicate essentially

pressurel essly by way of a fuel vapour filter o

CONFIRMATION COPY
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varying size. Wile the internal conbustion engine of
the notor vehicle 1is in operation, the fuel vapour
filter is backflushed, in that the air required for the
engine is taken in via the fuel vapour filter during
the operating phases of the engine. The absorption
capacity of the fuel vapour filter is designed
correspondi ngly

In the case of nodern hybrid vehicles, on the other
hand, the nunmber of operating cycles and the operating
time of the internal conbustion engine are greatly
reduced. Consequently, the nunmber and duration of the
possi bl e backflushing cycles of the fuel vapour filter
are likewse restricted. This requires corresponding
di mensioning of the fuel vapour filter, which is often
subject to limts owing to installation space. For this
reason, fuel tanks for hybrid vehicles are often sealed
off from the atnosphere in such a way that pressure
fluctuations W th respect to the at nosphere of
approximately + 400 nbar to - 150 nbar can occur in the
fuel tank. It is intended that this pressure difference
wWth respect to the atnosphere can be maintained as far
as possible over relatively l|long periods of tine.

Stabilization is inportant particularly in connection

with fuel tanks based on polyethylene. This is so
because polyethylene has the characteristic that, if
subjected to sustained pressure and/or tension, it
flows even at room tenperatures, and so the known

stabilizing measures in the form of supporting elenents
inside the tank do not produce satisfactory results
under all circunstances.

The invention s therefore based on the object of
providing a plastic fuel tank that nakes allowance for
the problem described above.

PCT/EP2011/003319
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The obj ect is achieved firstly by a fuel tank of
plastic with a nmultilayered tank wall conprising at
| east an inner layer of thernoplastic material and an
out er | ayer of a fibre conposite material. Thi s
"sandwi ch construction"” neans that the fuel tank has an
outer, relatively rigid and |ightweight |ayer, whereas
the inner layer has a certain conpliance and, in
particul ar, ensures the inperneability of the entire

fuel tank system The fuel tank according to the
invention conbines the advantages of a high-strength
rigid construction, which at the sane tinme also has a

certain brittleness, with the advantages of a shell
whi ch is conpl i ant wi thin certain [imts and
i nperneable to hydrocarbons and, in the event of a
crash, can absorb corresponding inpact |oads. For this
purpose, it may be advantageous if the inner and outer
|ayers are not materially bonded to each other. 1In the

case of an expedient variant of the fuel tank, these
|l ayers are materially bonded to each other.

In the case of a particularly preferred enbodinment of
the fuel tank according to the invention, it is
provided that a nultilayered extrudate based on HDPE is
provided as the inner layer. The inner layer may have
been produced in a conventional manner by a co-
extrusi on process.

The inner layer and the outer layer of the fuel tank
are expediently connected to each other by neans of a
bondi ng agent.

The outer l|ayer may, for exanple, consist of a fibre
mat eri al in a thernosetting pol ynmer mat ri X. In
principle, thernoplastics also come into consideration
as matrix material s.
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G ass fibres/faramd fibres or carbon fibres, preferably
as continuous fibres, cone into consideration as fibre
materi al s .

It is particularly expedient if a tenperature -curable
plastic is provided as the thernosetting plastic; in
this way, the inner layer and the outer |ayer can be
bonded to each other particularly advantageously in a
singl e production process.

The inner layer nmay, for exanple, conprise a co-
extrudate with a barrier l|ayer for hydrocarbons

Particularly preferably, the inner layer is forned as a
4-layered co-extrudate , it being possible, for exanple,
for an outer bonding agent |ayer of the co-extrudate at
the sane tine to produce the material bond wth the
outer |ayer.

Previously known nultilayered f uel tanks generally
consi st of a 6-layered co- ext rudat e, t he | ayer
structure conprising, fromthe inside to the outside, a
non- col oured pure HDPE, a bonding agent | ayer, a
barrier layer of EVOH, a further bonding agent |Iayer,
for exanple based on LDPE, a layer of recycled or
reground material and an HDPE I|ayer of carbon-black-
col oured HDPE.

In the <case of the fuel tank according to the

invention, the two outer layers of the tank wall are
then advantageously substituted by a fibre conposite
material, it being possible for the thickness of the

outer layer to be chosen such that the nmss of the
outer layer is less than or equal to the mass of the
otherwise required outer layers of the co-extrudate.

The bonding agent Jlayer Jlocated on the EVOH |ayer

PCT/EP2011/003319
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serves in this case for producing the nmaterial bond
with the outer |ayer.

The object on which the invention is based is also
achieved by a nmethod for producing a fuel tank, in
particul ar for producing a fuel tank of the type
descri bed above, conprising the formng of tw shell-
like semfinished products from thernoplastic material
in a nmultipart tool, formng a nmould cavity, and the
connecting of the shells to form an essentially closed
hol |l ow body, with sheet-like elenents of a fibre
conposite material being placed in the tool before the
formng of the shells, said elenents being placed on
the contour prescribed by the nmould cavity, so that the
fibre conposite material enters into a material bond
with the shell-like semfinished products during their
formng .

In the case of an expedient variant of the nmethod
according to the invention, it is provided that sheet -
like elements of a non-cured thernosetting material are
placed in the tool. These elenents may be, for exanple,

so-called "pre-pregs" (pre-inpregnated fibres) , that is
to say semfinished products <consisting of continuous
fibres in an uncured thernosetting polynmer matrix. The
conti nuous fibres may take the form of a pure
uni di recti onal | ayer, a woven fabric or a laid
structure. For exanple, they may be placed in the tool

as webs of woven fabric and fixed there.

In the case of a particularly advantageous variant of

the nmethod according to the invention, it is provided
that the sheet- like elenments are cured by contact heat
transm ssi on t hr ough t he nmol t en- hot shel |l -1i ke

sem finished products which are placed against t he
sheet -1i ke elenents fixed in the tool during the
formng in the tool and thereby transmt the heat to

PCT/EP2011/003319
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the sheet-like elenments. Appropriate setting of the
curing characteristics of the matrix material (of the
t her noset) achieve the effect that the sheet-Ilike
el enents adapt thenselves to the shrinkage of the
pol yet hyl ene -based i nner layer during the cooling
process .

The nethod according to the invention preferably
conprises the extrusion of tubular prefornms, which are
cut open to form sheet-like webs and spread out and
formed into shells by using the heat of extrusion.

Alternatively, sheet-like preforms in web form may be
extruded directly and formed into shells by using the
heat of extrusion.

Using the heat of extrusion neans essentially from the
first heat of the polynmer plasticated in an extruder.

Extrusi on heads or coextrusion heads that are known per
se, as also used in extrusion blow noulding, my be
used in the extrusion of the preforns.

The nmethod according to the invention is preferably
carried out as an extrusion blow noulding process, in
which the prefornms are formed into shells essentially
in the first heat in a blow noulding tool and are
joined together or welded to each other. The sheet -like
elements in the form of elenments of a fibre conposite
material are placed into the blownmulding tool in such
a way that they enclose the finished hollow body in the
form of shells of fibre conposite material.

More expediently, the preforns are extruded in a
multilayered state with at least one barrier layer for
hydrocarbons and/or oxygen and wth at |east one
bondi ng agent | ayer, a bonding agent | ayer being
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brought into contact wth the sheet-like elements of
fibre conposite material in such a way that a nateri al
bond is produced between the inner l|ayer and the outer
| ayer .

In the case of an advantageous variant of the nethod
accordi ng to t he i nventi on, t he pref or s of
thernmoplastic material in web form are first brought
between the open parts of a 3-part blow noul ding tool,
two outer moulds forming a mould cavity which defines
the contour of the finished article. In a first method
step, the non-cured or only partially cured elenents of
a fibre conmposite nmaterial are placed in the cavities

of the blow mould halves and fixed there. |In a further
st ep, sheet-1i ke pr ef or ms of a polyethyl ene-based
thernmopl astic material in web form are brought between

the open outer nmoulds of the blow moulding tool and a
central nould/central tool arranged between them In a
further method step, the blow nmould halves are closed
agai nst t he central t ool and t he shel | s of
thernmoplastic material are formed against the sheet -
like elements of a fibre conposite material that are
provided in the cavities. Drectly after formng of the
shells, the central tool is used to connect internals
of the tank to the shells on the side thereof that is
facing the nould cavity. In a further nethod step, the
central tool is renoved and the blow nould halves are
cl osed against each other in such a way that the shells
are welded to each other while formng a pinch-off
wel d. The pinch-off weld is produced essentially in the
region of the inner layer of the fuel tank. It is not
absol utely necessary for t he el enent s of fibre
conposite material that form the outer layer of the
fuel tank to be connected in the region of the pinch-
off weld, since they enter into an intimate bond by
bonding with the material of the inner |ayer.
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The invention is explained below on the basis of an
exenpl ary enbodi nment t hat is represented in the
drawi ngs, in which:

Figure 1 shows a schematic perspective representation
of the inner layer of a plastic fuel tank in
the form of two elenments of a fibre conposite
material ,

Figure 2 shows a schematic representation of a blow
moul ding tool for producing the fuel tank
according to the invention when the sheet -
like elements are being introduced into the
cavities of the blow nould halves,

Figure 3 shows a view corresponding to Figure 2 which
illustrates the nmethod step of extruding
preforms of thernoplastic material,

Figure 4 shows a corresponding view which illustrates
the formng of the shells in the tool against
the elenents of fibre conposite material,

Figure 5 shows a view of the closed blow noul ding tool
during the welding of the shells of the fuel
tank and

Figure 6 shows an enlarged view of the wall structure
of the fuel tank according to the invention.

The fuel tank 1 of thernoplastic rmaterial that is
represented in the drawings (Figure 5) is shown in a
highly schematic sinplified form It conprises an inner
layer 2 of a thernoplastic material and an outer |ayer
3 of a fibre conposite material. The outer |ayer 3
conprises continuous fibres, for exanple glass fibres
or carbon fibres, in a mtrix of thernosetting,

PCT/EP2011/003319
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tenperature -curable material. This may be, for exanple,
an epoxy resin with a hardener which is tenperature -
activatable. The outer layer 3 conpletely encloses the
fuel tank and enters into a nmaterial bond with the
inner layer over the full surface area. The inner |ayer
2 is a 4-layered co-extrudate based on HDPE, conprising
an inner HDPE l|ayer 4, a first bonding agent |layer 5
based on LDPE, a barrier layer 6 of EVOH and a second
outer bonding agent layer 7, which produces a material
bond with the outer layer 3 fibre conposite material.

The production of the fuel tank 1 according to the
i nvention takes place in the altogether 3-part blow
noul di ng t ool 8 represented in Figure 2, which
conprises two outer noulds 9a, 9b and a central tool
10. The central tool 10 primarily serves the purpose of
sealing off the cavity fornmed by the outer noulds 9a,
9b for the purpose of formng shells, and the central
tool 10 secondarily serves the purpose of introducing
inserts and elenments of a fibre conposite material into
the cavities 11 of the outer noulds 9a, 9b.

Figure 1 shows two elenments 12a, 12b, which already
have the form of half-shells and in this form are
brought into the cavities 11 of the outer noulds 9a, 9b
in a conpletely cured state, as is intimated in Figure
2. The invention should be understood in principle as
nmeaning that the elenments 12a, 12b may also initially
be brought between the opened parts of the outer noulds
9a, 9b as elenments in web or strip form in a basically
contourless state and placed against the cavities 11 of
the outer nmoulds 9a, 9b by neans of differential

pressure, for exanple by nmeans of a vacuum They may,
however, also be placed agai nst the cavities by
correspondi ng mani pul at or s/ handl i ng devices and fixed
there. Shown in the drawings is a variant in which the
el enents 12a, 12b already have the form of half-shells,

PCT/EP2011/003319
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10

whi ch however are not conpletely able to retain their
shape .

In a method step represented in Figure 2, arranged
between the outer noulds 9a, 9b, which can be displaced
away from each other and towards each other in the

pl ane of the drawing, is a central tool 10, which can
be di spl aced transversely in relation to t he
di spl acenent novenent of the outer noulds 9a, 9b, i.e.

into and out of the plane of the drawing. The central
tool 10 conprises conponent carriers 14, which can be
made to nove in and out in the direction of the outer
moulds from the frane formed by the central tool 10 by
neans of pneumatic cylinders 15 In the case of the
method step represented in Figure 2, the conponent
carriers 14 are Jloaded wth the elenents 12a, 12b,
which are first brought into the outer noulds 9a, 9b
and placed there in the cavities 11. These elenents nmay
be fixed there, for exanple, by neans of a vacuum 1In a
further nmethod step (Figure 3), sheet-like preforms 17
in web or strip form are continuously extruded from the
ext rusi on head in a hanging nmanner, i.e. in the
direction of gravitational force. As nentioned above,
the preforns 17 are fornmed as 4-layered co-extrudates
based on HDPE with barrier layers of EVOH In a further
met hod step, the outer noulds 9a, 9b are closed against
the central tool 10, the outer noulds 9a, 9b in each
case clanping the preforns 17 against the central tool
10.

The blow noulding tool 8 is displaced away from under
the extrusion head 16, in order not to hinder the
energence of the continuously extruded prefornms 17.

Then, the preforns 17 (Figure 4) are placed against the
el enents 12a, 12b by applying differential pressure,
for exanple by evacuating the ~cavities 11 or by

PCT/EP2011/003319
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applying blowing air to the inner wall of the cavities
11. As nentioned at the beginning, the elenents 12a,
12b conpri se a tenperature -curable matri x of a
thernosetting material. Curing of the elenents in the
cont our defined by the <cavities together wth the
thernoplastic rmaterial of the inner layer 2 to form
hal f-shells 18 takes place by contact heat transm ssion

from the nolten-hot preforms 17. In a further nethod
step, the <central tool 10 can be used to introduce
internals into the still nolten-hot hal f -shells. The
previously nmentioned conmponent <carriers 14 may |ikew se

be used, for exanple, for this purpose. Finally, the
central t ool 10 is renmoved from between the outer
moulds 9a, 9b and they are closed against each other,
the half-shells taking place to form the finished fuel
tank 1 by the inner layer 2 being welded in the region
of a peripheral pinch-off edge 19.
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Li st of designations

1 fuel tank

2 i nner |ayer

3 outer | ayer

4 i nner HDPE | ayer

5 first bonding agent |ayer
6 barrier |ayer

7 outer bondi ng agent |ayer
8 bl ow noul ding too

9a, 9% outer nould

10 central tool

11 cavities

12a, 12b elenents

14 conponent carriers

15 pneumatic cylinders

16 extrusi on head

17 preform

18 hal f-shells

19 pi nch-of f edge
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d ai ns
1. Fuel t ank (1) f uel tank of pl asti c W th a
multilayered tank wall conprising at |east one

inner layer (2 of thernoplastic mnmaterial and at
| east one outer layer (3 of a fibre conposite
mat eri al

2. Fuel tank according to Claim 1, characterized in
that the inner layer (2 of the outer layer (3 are
materially bonded to each other.

3. Fuel tank according to Caim 1 or 2, characterized
in t hat a nultilayered extrudate based on
pol yet hyl ene, preferably based on HDPE, is provided
as the inner |ayer.

4. Fuel tank according to one of Cdains 1 to 3,
characterized in that the inner layer (2 and the
outer layer (3 are connected to each other by
nmeans of a bondi ng agent .

5. Fuel tank according to one of Caim 1 to 4,
characterized in that the outer |ayer (3 consists
of a fibre material in a thernosetting polymer
matrix .

6. Fuel tank according to one of Cainm 1 to 5,
characteri zed in that glass fibres or carbon
fibres, preferably as continuous fibres, are
provided as fibre material.

7. Fuel tank according to Caim 5, characterized in
t hat a tenperature-curable plastic, preferably
based on epoxy resin, is provi ded as t he
t hernosetting plastic.
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10.

11.

12.

13.

14

Fuel tank according to one of Cdains 1 to 7,
characterized in that the inner layer (2 conprises
at least one barrier |layer (e) for hydrocarbons.

Fuel tank according to one of Cains 1 to 8,
characterized in that the inner layer (2 is forned
as a 4-layered co-extrudate .

Method for producing a fuel tank, conprising the
formng of tw shell -like semfinished products
from thernoplastic material in a multipart tool,
formng a nmould cavity, and the connecting of the
shells to form an essentially closed hollow body,
with elenents of a fibre conposite material being
placed in the tool or adapted before the formng of
the shells, said elements being placed on the
contour prescribed by the nould cavity, so that the
fibre conposite material preferably enters into a
mat eri al bond wth the shell-like semfinished
products during their formng.

Met hod according to Claim 10, characterized in that
sheet-like elements of a non-cured thernosetting
material are placed in the tool

Met hod according to either of Cdains 10 and 11,
characterized in that the sheet-like elenents are
cured by contact heat transmssion via the nolten-
hot shell-like semfinished products.

Met hod according to one of Cdains 10 to 12,
characterized by the extrusion of tubular preforns,
which are cut open to form sheet -like webs and
spread out and formed into shells by using the heat
of extrusion.
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14. Method according to one of dains 10 to 12,
characterized by the extrusion of sheet -1 ke
prefornms in web form which are fornmed into shells
by using the heat of extrusion.

15. Method according to either of Cains 13 and 14,
characterized in that the preforns are extruded in
a multilayered state wth at I|least one barrier
| ayer for hydrocarbons and with at |least one
bonding agent Ilayer, a bonding agent |ayer being
brought into contact with the sheet-like elenents
of fibre conposite material.
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