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COATED PIPE COMPRISING POLYOLEFIN LAYER WITH ENHANCED ADHESION

The present invention relates to a structure comprising a layer or profile
(A) composed of a first material and a polyolefin layer or profile (B)
adjacent to layer or profile (A) which 1s composed of a composition
comprising a polyolefin. Furthermore, the invention relates to a process for
the production of such a structure, to an article, in particular a coated pipe,
comprising such a structure and to the use of a composition comprising an

organosilicon compound as an adhesion promoter 1n such a structure.

Structures comprising two, three, four, five or more layers at least one of
which being a polyolefin layer are known for many applications such as the
protective coating of pipes. In the production of structures comprising a
polyolefin layer/profile it 1s a known difficulty that the adhesion between
the polyolefin layer/profile and a further layer/protfile composed either of
the same or a different polyolefin composition or a different material such
as metal is not too good, so that usually the adhesion between the
layers/profiles must be improved, e.g. by the use of an intermediate layer,

to avoid delamination, i.e. unwanted separation of the layers/profiles.

For example, in the coating of metal, especially steel, pipes usually three
polymer layers are applied on a metal wall. The structure usually comprises
an epoxy layer which is designed to firmly adhere to the outer surface of
the metal (steel) wall of the pipe, an intermediate layer and an outer
polyolefin protective layer which usually comprises a high density
polyethylene or polypropylene. The epoxy layer 1s needed in this structure
in particular to provide an improved adhesion of the polymeric layers to the

metal and also for corrosion protection of the metal. The outer protective
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polyolefin layer is needed mainly to provide good mechanical protection
and less water penetration. Finally, the intermediate layer, which usually
also comprises a polyolefin, is needed to provide good adhesion between

the epoxy layer and outer polyolefin layer.

[t 1s one drawback of this conventional structure for coated pipes that an
epoxy layer is used because, first, the processing window of epoxy resins
can be very narrow which leads to enhanced production requirements and
often to failures in the coating. Second, it 1s known that epoxy layers are
very brittle, especially at high glass transition temperatures, and, third, that

EPOXY Iesins are exXpensive.

[t 1s therefore an object of the present invention to provide a structure
including a layer/profile made of a polyolefin composition, in particular a
structure for a coated metal pipe, which without the use of an epoxy layer
has a sufficiently good adhesion between the polyoletin layer/protile and

the layer/profile the polyolefin layer is laminated on.

[t has now surprisingly been found that this object can be achieved by
treating the surface of the layer/profile supposed to be adjacent to the layer
made of the polyolefin composition and/or the surface of the layer made of
the polyolefin composition with a composition comprising an organosilicon
compound before laminating the polyolefin layer/profile on the other

layer/profile.
Therefore, the present invention provides a structure comprising
(1)  alayer or profile (A) composed of a first material, and

(i1)  a polyolefin layer or profile (B) adjacent to layer or profile (A)
which is composed of a composition comprising a base resin

comprising a polyolefin,
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characterized in that the surface of any or both of layer or profile (A) and
layer or profile (B) has/have been treated with a composition comprising an

organosilicon compound before (A) and (B) are brought adjacent to each

other.

It is an advantage of the present invention that due to the mentioned
treatment with a composition comprising an organosilicon compound, the
adhesion between a polyolefin layer/profile (B) and a further layer/profile
(A) to be made adjacent to each other 1s highly improved. It 1s thus possible
to provide structures including polyolefin layers/profiles which have an
increased resistance to delamination or shielding and hence e.g. an

increased lifetime.

It is also possible, e.g. in the production of coated metal pipes, to omuit
adhesion promoting layers, in particular epoxy layers, and still obtain a
sufficiently high or even better degree of adhesion between the metal and
the polyolefin layer. The omission of an epoxy layer furthermore facilitates
the production of such pipes because the processing and operating window
is significantly broadened which yields a more robust system. Furthermore,

costs are significantly reduced.

Still further, by applying the finding of the invention 1t 1s possible to
provide a so-called stand alone polyolefin coated pipe, which means a pipe

which apart from the inner metal wall has only one further outer polyolefin

layer.

It is a further advantage of the present invention that especially in the
production of coated steel pipes the treatment of the steel surface with a
chromate solution which has hitherto been used for corrosion inhibition can

be avoided because the treatment with the composition comprising an
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organosilicon compound provides corrosion resistance. Thus, the use of

poisonous and even carcinogenic chromates 1s no longer necessary.

Structures in accordance with the present invention may also be, for
example, such structures comprising a barrier layer e.g. made of aluminium
and a polyolefin layer, a metal sheet coated with a polyolefin layer
(roofing), a metal profile coated with a polyolefin layer, or a structure
comprising different polyolefin layers/profiles, e.g. a polyethylene and a

polypropylene layer/profile.

Bringing adjacent to each other layers/profiles (A) and (B) can be achieved
by any process known in the art, as e.g. lamination, co-extrusion or
welding. For example, if layer/profile (A) 1s composed of a metal, a
polyolefin layer/profile may be formed thereon by extrusion, injection

moulding etc.

Where herein the term “polyolefin” is used, olefin homo- and/or copoly-

mers are meant which also may bear further groups such as polar groups.

The composition which polyolefin layer or profile (B) 1s composed of
comprises a base resin which comprises a polyolefin. The term “base resin”

is intended to cover all polymeric components which composition (B) 1is

composed of.

The organosilicon compound as such and also the composition comprising
the organosilicon compound which is used for the treatment of the surface

of layer/profile (A) and /or (B) preferably are free of compounds containing

EpOXy groups.
The organosilicon compound preferably 1s a non-polymeric compound.

The polyolefin composition which polyolefin layer/protile (B) 1s composed

of preferably is free of any compounds containing epoxy groups.
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Furthermore, also the material, in particular metal, layer/profile (A) is

composed of preferably is free of any compounds containing epoxy groups.

Preferably, layer/profile (A) 1s composed of a polymer composition, glass,

a metal or a metal alloy, more preferably 1s composed of a metal or a metal

alloy.

It 1s preferred that layer/profile (A) has been treated with said composition
comprising an organosilicon compound before (A) and (B) are brought
adjacent to each other. This is particularly preferred if the layer/profile (A)
is composed of a metal or metal alloy because, as mentioned above,
treatment with said composition comprising an organosilicon compound

also provides corrosion inhibition.

It 1s furthermore preferred that only layer/profile (A) has been treated with
said composition comprising an organosilicon compound betore (A) and

(B) are brought adjacent to each other.

The composition used for the treatment of layer/protile (A) and/or (B) may
comprise a single organosilicon compound but also a mixture of two or
more of these compounds. This applies also for all preferred embodiments

of the organosilicon compound.

Preferably, the organosilicon compound comprises one or more

hydrolysable groups which after hydrolyses yield silanol groups, 1.e. S1OH

groups.

More preferably, the unhydrolysed organosilicon compound comprises the

structural element:

R R
—Si-OR, —Si—
OR OR,

3 or ,
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wherein R, R,, and R;, independently are selected from alkyl, preferably
methyl, ethyl or propyl, groups and acetyl. The organosilicon compound

may comprise one or more of these structural elements

Examples for such compounds include hydrocarbyl-, preferably alkyl-,
trialkoxysilanes, preferably hydrocarbyl trimethoxy-, triethoxy-, or
tripropoxysilanes, such as methyl trimethoxysilane, methyl triethoxysilane,
ethyl trimethoxysilane, ethyl triethoxysilane, n-propyl trimethoxysilane, n-
propyl triethoxysilane, 1-butyl trimethoxysilane, 1-butyl triethoxysilane,
octyl trimethoxysilane, octyl triethoxysilane, hexadecyl trimethoxysilane,
and hexadecyl triethoxysilane; trialkoxysilanes with amine and/or sulphur
functionalities, such as 3-aminopropyltriethoxysilane, and thio|bis-
(propylene-3-trimethoxysilane)]; trialkoxysilanes with (meth)acrylate
functionality, such as gamma-methacryloxypropyl trimethoxysilane; and

oligomeric silanes based on e.g. tetramethyl silicate or tetraethyl silicate.

The organosilicon compound may also comprise one or more groups having

carbon-carbon double bonds, 1.e. alkenyl groups.

Preferably, the organosilicon compound 1s a hydrolysed vinyl silane, more

preferably is a hydrolysed vinyl silane having the structural element

R,
—Si-OR,

OH

at one terminus and a vinyl group at the opposite terminus, wherein R; and
R, are each chosen from the group consisting of hydrogen, alkyl, preterably

methyl, ethyl and propyl, and acetyl.

As a precursor for the above mentioned preferred compounds comprising

one or more S1IOH groups, unhydrolysed silanes can be used. Preferably,
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unhydrolysed vinyl silanes are selected so that hydrolysed vinyl silanes,

preferably those hydrolysed vinyl silanes denoted above as more preferred

embodiment, are obtained upon hydrolyses.

Still more preferably, the unhydrolysed vinyl silanes are selected from the

group consisting of

ot
NH,,+Cl-
|
C,H
ﬁHz |2 4
s v
C‘)—H )l( C':sHs
R;0—Si~OR; R;0~Si-OR, Rso“i"ORs
OR, OR,  ,nd Ry

wherein X is an alkyl group, and R;, R4 and Rs are each chosen from the
group consisting of C; to C, alkyl, and acetyl. More preferably, X is an C,
to Cyg alkyl.

In particular, the unhydrolysed vinyl silane may be selected from the group
consisting of vinyl trimethoxysilane, vinyl triethoxysilane, vinyl tripro-
poxysilane, vinyl triisopropoxysilane, vinyl tributoxysilane, vinyl tri-
acetoxysilane, vinylmethyl trimethoxysilane, vinylethyl trimethoxysilane,
vinylpropyl trimethoxysilane, and N-[2-(vinylbenzylamino)-ethyl]-3-

aminopropyl trimethoxysilane.
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Such organosilicon compounds are, for example, disclosed in US

5,759,629. )
In particular, it 1s explicitly referred to all embodiments and

preferred embodiments for the organosilicon compounds, in particular the
embodiments of the hydrolysed vinyl silanes and the unhydrolysed vinyl

silanes, disclosed in this document, whether or not already described

herein.

Preferably, treatment of the surface of layer/profile (A) and/or layer/profile

(B) compnises applying a solution, usually a hydrous solution, of the

organosilicon compound(s) to the surface.

Preferably, the total concentration of unhydrolysed vinyl silanes used to
prepare the treatment solution i1s 4 vol.% or higher, based on the total

volume of solution components. More preferably, the concentration of the

solution 1s from 5 to 20 vol.%.

Apart from the organosilicon compound(s) and, preferably, water the
solution may optionally also comprise at least one alcohol which may be

chosen from the group of: methanol, ethanol, propanol, butanol and 1somers

thereof.

Preferably, the pH value of the solution is from 3 to 8, more preferably

from 4 to 6.

It 1s again explicitly referred to US 5,759,629, as concerns the application

of the solution, and to all preferred embodiments given therein.

In a preferred embodiment, the solution is sprayed onto the cold surface of
the layer/profile to be treated. In particular when applied to a metal

layer/profile, the layer/profile may then be heated, e.g. by inductive
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heating, preferably to a temperature of 50 to 300 °C, more preferably 60 to
200 °C to decrease the drying time.

In a preferred embodiment of the structure according to the invention, the
polyolefin of the composition layer or profile (B) is composed of comprises

adhesion promoting groups.
Preferably, the adhesion promoting groups are polar groups.

Polyolefins with adhesion promoting, preferably polar, groups may e.g. be
prepared by copolymerisation of olefin monomers with comonomer
compounds bearing such groups or by grafting of appropriate compounds

onto the polyolefin backbone after the polyolefin has been produced.

If copolymensation is used for the production of the polyolefin with
adhesion promoting groups, it is preferred that a polar copolymer is
produced which compnses a copolymer of ethylene with one or more

comonomers selected from C,- to Cg-alkyl acrylates, C;- to Cg-alkyl

methacrylates, hydroxy functional monomers, anhydride functional
monomers, e.g. 2-hydroxyethyl (meth-)acrylate, acrylic acids, methacrylic
acids, vinyl acetate and vinyl silanes. For example, the polar copolymer
may also be a terpolymer of ethylene, one of the above mentioned
monomers and a vinyl silane. The éopolymer may also contain ionomeric

structures (like 1n e.g. DuPont's Surlyn™ types).

If grafting is used to obtain the polyolefin with adhesion promoting groups,

as grafting agent, any such agent can be used which is known to be suitable

for this purpose by the person skilled in the art.

Preferably, the acid grafting agent is an unsaturated carboxylic acid or a

derivative thereof such as anhydrides, esters and salts (both metallic or
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non-metallic). Preferably, the unsaturated group is in conjugation with the

carboxylic group.

Examples of such grafting agents include vimyl silanes, acrylic acid,
methacrylic acid, fumaric acid, maleic acid, nadic acid, citraconic acid,

itaconic actd, crotonic acid, and their anhydrides, metal salts, esters amides

or imides.

The preferred grafting agents are maleic acid, its derivatives such as maleic

acid anhydride, and in particular maleic acid anhydride.

Grafting can be carmned out by any process known in the art such as grafting

in an melt without a solvent or in solution or dispersion or in a fluidised
bed. Preferably, grafting 1s performed in a heated extruder or mixer as e.g.

described 1 US 3,236,917, US 4,639,495, US 4,950,541 or US 5,194509.
Prefera-

bly, grafting is carried out in a twin screw extruder such as described in US

4,950,541.

Grafting may be carried out in the presence or absence of a radical initiator
but 1s preferably carried out in the presence of a radical initiator such as an

organic peroxide, organic perester or organic hydroperoxide.

Preferably, the polar groups i1n the polyolefin are selected from acrylates,
e.g. methylacrylates, methylmethacrylates, propylacrylates, butylacrylates,

carboxylic acids such as maleic acid and amines.

The base resin of the polyolefin composition which layer or profile (B) is

composed of may either comprise one type of polyolefin or a mixture of

two or more types of polyolefins.

The adhesion promoting groups may be present in one, several or all

polyolefin(s) present in the polyolefin composition.
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Preferably, the amount of adhesion promoting groups in the polyolefin
composition is from 0.01 to 5.0 mol.%, more preferably 0.02 to 1.0 mol.%,

based on the total amount of olefin monomers in the polyoletin

composition.

Furthermore, preferably, the polyolefin of the base resin of composition
layer/profile (B) is composed of 1s an ethylene homo- or copolymer and/or

a propylene homo- or copolymer or any mixture thereof.

It 1s preferred that the total amount of polyolefins 1n the base resin of
polyolefin composition layer/profile (B) 1s composed of 1s 90 wt.% or

morec.

Usual additives such as stabilizers may be present in the polyolefin
composition in an amount of up to 10 wt.%, more preferably up to 5 wt.%,

and still more preferably up to 1 wt.%.

However, in the embodiment of filled polyolefins it i1s also possible that the
composition comprises a filler material in an amount of up to 70 wt.%. The

base resin then preferably makes up an amount ot 25 wt.% or more.

The present invention also relates to a process for the production of a
structure characterized in that the surface of a layer or profile (A)
composed of a first material and/or the surface of a polyolefin layer or
profile (B) composed of a composition comprising a polyolefin 1s/are
treated with a composition comprising an organosilicon compound before

layer/profile (A) and layer/profile (B) are brought adjacent to each other.

Still further the invention relates to an article which comprises the structure

in any of the embodiments described before.

In a particularly preferred embodiment, the structure according to the

invention is a coated pipe, more preferably a coated metal pipe wherein
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layer/profile (A) is composed of a metal/metal alloy in the form of an inner
tube/pipe. On the outer surface of said pipe/tube is formed a polyolefin
layer after the outer surface of (A) has been treated with the composition

comprising an organosilicon compound.
Furthermore, for such a coated metal pipe, two embodiments are preferred.

[n a first embodiment, on the outer surface of the inner metal wall an
intermediate polyolefin adhesive layer is formed on which, in turn an outer

protective polyolefin layer is formed.

Compositions for such polyolefin adhesive layers are disclosed e.g. in WO

09/37730 or WO 03/046101. The content of these documents 1s

incorporated herein in its entirety.

In a second embodiment, the coated pipe is a so called stand alone
polyolefin coated pipe which means that on the outer surface of the inner

metal wall the outer protective polyolefin layer 1s formed directly.

In this embodiment, it is preferred that the polyolefin composition the
protective polyolefin layer is composed of comprises adhesion promoting

eroups in the composition in an amount of from 0.01 to 1.0 wt.%.

In all embodiments of coated metal pipes it is especially preferred that
layer/profile (A) composed of a metal/metal alloy has been treated with
said composition comprising an organosilicon compound before

layer/profile (B) 1s formed thereon.

The present invention further relates to the use of a composition comprising
an organosilicon compound as an adhesion promoter in a structure
comprising a layer/profile composed of a composition comprising a

polyolefin, in particular in any of the structures described hereinbefore
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Experimental and Examples

1. Definitions and measurement methods

a) Melt Flow Rate

The melt flow rate (MFR) is determined according to ISO 1133 and 1s
indicated in g/10 min. The MFR is an indication of the flowability, and
hence the processability, of the polymer. The higher the melt tlow rate, the
lower the viscosity of the polymer. The MFR is determined at 190°C for
polyethylene and at 230 °C for polypropylene. It may be determined at
different loadings such as 2.16 kg (MFR;), 5 kg (MFRs) or 21.6 kg

(MFR3)).
b) Peel strength

Adhesion of polymer on steel was tested by Instron 1122 peel strength test
equipment according to DIN 30670. A strip of 3 cm width 1s cut of the
coating layer. The other end of the strip is fastened to pulling equipment
and the pulling strength is measured during the peeling of the strip from the

steel with a pulling speed of 10 mm/min. The results are expressed as N per

CIN.

2. Structures produced

Different coated steel pipe structures were produced according to the

following procedure:

Coating was carried out at a steel pipe coating pilot line which 1s a
continuous side extrusion line consisting of a pipe transportation system,
induction oven, epoxy spraying unit, extruder for adhesion polymer,

extruder for top layer and cooling bath.
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Steel pipes used in the steel pipe coating line are 1 m long and 100 mm 1n

diameter.

Example 1: (Comparative):

A clean steel grit blasted steel pipe was set on the rolling transportation

band. The pipe surface was heated up to 180 to 220 °C in induction oven 1n

few seconds residence time.

An epoxy layer (Scotchkote™ 226N from 3M) was then added on the hot

outer pipe surface. The thickness of the epoxy layer was 120 micrometer.

Then, an adhesion polypropylene layer was side extruded at a temperature
of 200 °C onto the epoxy layer. This adhesion layer was made of a
propylene heterophasic copolymer composition, consisting of 80 wt.% non-

grafted heterophasic propylene copolymer (MFR, (230°C, 2.16 kg) = 3.5
g/10min, rubber content: 14 wt.%, ethylene content in rubber: 35 wt.%) and

20 wt.% of the same heterophasic propylene copolymer which had been
grafted 1n a compounding line at 200 °C with peroxide and maleic acid
anhydride so as to obtain a maleic acid anhydride content 1n the product of
0.7 wt.% and an MFR,; (230 °C, 2.16 kg) of 50 g/10min. The final

propylene heterophasic copolymer composition had a maleic acid
anhydride content of 0.14 wt.% and an MFR, (230 °C, 2.16 kg) of 8

g/10min. The thickness of the adhesion layer was 200 micrometer.

In next stage, a polypropylene top layer made of a further heterophasic
propylene copolymer (MFR, (230°C, 2.16 kg) = 0.9 g/10min, rubber

content 13 wt.%, total ethylene content 9 wt.%) was extruded at a
temperature of 220°C on the adhesion layer and the coated pipe was cooled

down 1n water cooling bath. The thickness of the coating layer was 3.3

millimeter.
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Example 2:

A clean steel grit blasted steel pipe (same as in Comparative Example 1) .
was set on the rolling transportation band. The outer pipe surface was
wetted by spraying with 10% organic silane-water solution (Oxsilan™ MM-

0705, available from Chemetall). The steel surface was then heated up to

160 °C and the surface was dried before extruding the adhesion layer. The

thickness of the so obtained layer was 10 micrometer.

Extrusion of the adhesion layer and the top coat layer was performed as in

Comparative Example 1.

Example 3 (Comparative):

Extrusion of an adhesion layer and a top coat layer was carried out as in the
previous examples, but before neither an organic silane nor an epoxy layer

had been added onto the pipe surface.

Example 4

A clean steel grit blasted steel pipe was set on the rolling transportation

band. The pipe surface was wetted by spraying with 10% organic silane-

water solution (Oxsilan™ MM-0705, available from Chemetall). The steel

~surface was then heated up to 160 °C and the surface was dried. The

thickness of the so obtained layer was 10 micrometer.

Then, an adhesion polyethylene layer was side extruded at 200 °C. The
polyethylene used was an medium density maleic anhydride grafted
polyethylene composition (d = 934 kg/m’, MFR, (190 °C, 2.16 kg) = 1.5
g/10min, maleic acid content: (.5 wt.%, ethylene butylacrylate content : 6

wt.%, described as Composition 3 in the examples of EP 1 316 598).
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In next stage, a polyethylene top layer made ot a high density polyethylene
(d = 953 kg/m’, MFR, (190 °C, 2.16 kg)
polyethylene #3 in the examples of EP 837 915) was side extruded on the

= 0.5 g/10min, described as

adhesion layer at a temperature of 220 °C and the coated pipe was cooled

down 1in water cooling bath.

Example 5 (Comparative)

Coating was carried out as in Example 4 apart from the fact that no

treatment of the steel surface with an organic silane solution was applied.

3. Peel strength test results

The results of the peel strength tests for the coated pipes of Examples 1 to 5

are given 1n Table 1 below:

Table 1:
| _I Peel strength, N/cm at
23 °C I 80 °C 110 °C [ 140 °C
Example 1 44 1] 202 ‘T 32 -
(Comparative)
Example 2 447 174 117
Example 3 71 41 -
(Comparative) I
. Example 4 220 70
Example 5 70 l 30
(Comparative) B
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As can be seen from the results given in Table 1, pre-treatment of the pipe
steel surtace with the organic silane gave the same adhesion results at
lower temperatures and even better adhesion results at higher temperature
in the propylene coating system than coating with epoxy alone, and much
better adhesion than without any treatment/epoxy layer (see Comparative

Examples 1, 3 and Example 2).

Furthermore, using the organo silane treatment gave also clear improve-
ment 1n adhesion for a polyethylene coating (Example 4 and Comparative

Example 5).
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Claims

A strubture comprising

(i) a layer or profile (A) composed of metal or metal alloy, and

(it} a polyolefin layer or profile (B) adjacent to layer or profile (A) which
is composed of a composition comprising a base resin comprising a
polyolefin,

characterized in that the surface of layer or profile (A) has been treated

with a composition comprising an organosilicon compound before (A) and

(B) are brought adjacent to each other.

A structure according to claim 1 wherein the organosilicon compound
comprises one or more hydrolysable groups which after hydrolyses yield

siianol gropus.

A structure according to any one of claims 1 to 2 wherein the

organostlicon compound comprises the structural element:

OR, OR,
—4-§i—-0R2 —$i—
OR,  OR, |

wherein R4, Ry, and R, independently are selected from alkyl groups and

acetyl groups.

A structure according to any one of claims 1 to 3 wherein the treatment of
the surface of l[ayer or profile (A) comprises applying a solution of the

organosilicon compound to the surface.

A structure according to any one of claims 1 to 4 wherein the polyolefin of

the composition layer or profile (B) comprises adhesion promoting groups.

A structure according to claim 5 wherein the adhesion promoting groups

are polar groups.
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A structure according to claim 6 wherein the polar groups in the polyolefin

are selected from acrylates, carboxylic acids and amines.

A structure according to any one of claims 5 to 7 wherein the amount of

adhesion promoting groups in the polyolefin is from 0.01 to 5.0 mol.%.

A structure according to any one of claims 1 to 8 wherein the polyolefin of
the base resin of the composition layer or profile (B) is composed of is an

ethylene homo- or copolymer or a propylene homo- or copolymer.

A process for the production of a structure characterized in that the
surface of a layer or profile (A) composed of a metal or metal alloy is
treated with a composition comprising an organosilicon compound before
(A) and a polyolefin layer or profile (B) composed of a composition

comprising a polyolefin are brought adjacent to each other.

An article characterized in that it comprises a structure according to any

one of claims 1 to 9.
The article according to claim 11 wherein the article is a coated pipe.

The coated pipe according to claim 12 wherein layer/profile (A) of the
multilayer structure is composed of steel and its outer surface has been

treated with said composition comprising an organosilicon compound

before (A) and (B) are brought adjacent to each other.
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