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Composition for the protection of a shaped article against corrosion

Field of the invention

The present invention relates to a composition for the protection of a shaped
article, in particular a shaped article made from or consisting essentially of one or more
metals, metal compositions or alloys against corrosion. The present invention relates in
particular to a composition for insulating and sealing a shaped article that 1s in contact
with salts, moisture, water and other substances that are corrosive to a shaped article
with the effect that said shaped article is protected against corrosion. The present
invention also relates to a composition that can be used to protect subterranean shaped
articles against corrosion. In the present invention, a shaped article is envisaged to
encompass oil lines, oil pipes, gas lines, gas pipes, man hole covers, underground tanks,
man hole covers, welding joints, flanges, crane hooks, thermit weldings in divisible

shafts below the ground level and in T-joints and the like.

Background of the inveniion

For protecting shaped articles against corrosion a plurality of materials is
employed. Shaped articles such as man hole covers, underground tanks, pipes, lines and
the like are often made of metal, metal compositions or alloys and such shaped articles
are subject to corrosion since they are in contact with salts, moisture, water and other
corrosive components. Corrosion is obviously not preferred since it is detrimental to
strength and must therefore be prevenied or inhibited io extend the life cycle of the
shaped article as much ags possible.

Obviously, materials for preventing corrogion, in particular long-term corrogion,
must have a long-term chemical, physical, mechanical and thermal stability. Moreover,
as is well known in the art, the application of such materials is often a laborious, time-
consuming and expensive process. The materials must further have a good adhesion on
metals and other materials like polyethylene and polypropylene. Another requirement 1s
that they have a very low permeability for water, salts, moisture, and the like.

Several materials for inhibiting or preventing corrosion are known in the art.

Examples of such materials are bitumen and synthetic, thermosetting resins, e.g. epoxy
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resins and polyurethane resins. These materials have the disadvantage that a hard
coating or seal is produced which can easily split or tear under the intluence of for
example mechanical stress. Another disadvantage of these materials is that volatile
solvents are required when such materials are applied. After application of these
materials, the solvents evaporate thereby leading to the formation of a micro-porous
seal or coating which is at least permeably for corrosive substances such as salts, water
and moisture. Nor are the solvents friendly to the environment.

Bitumen are also permeable for water and do generally not meet the requirements
laid down by the KIWA (“Keuringsinstituut voor Waterleidingartikelen™; Dutch
Inspection Institute for Water Supply Articles). Moreover, bitumen have 1n general a
olass transition temperature of more than about 10°C. As a consequence, removal of
bitumen is difficult under high temperature conditions, e.g. the summer, and formation
of cracks can easily occur during low temperature conditions, e.g. the winter.

Synthetic, thermosetting resins are also easily split or torn as a result of
mechanical stress. Moreover, they are not easily removed from the shaped article and
easy removal is important when repairs have to be carried out to the shaped article or
when the level of protection provided by the thermosetting resin needs to be checked.
In addition, cleaning of the shaped article is also difficult which is required when a new
seal or coating is applied so that complex and laborious cleaning techniques such as
sand blasting have to be employed for cleaning the shaped article to a sufficient extent.
It is obvious to the person skilled in the art that if the shaped article is a gas or o1l line
or pipe line of several hundreds of miles long, replacing or repairing a seal or coating
made of synthetic, thermosetting resins is a time-consuming and expensive operation.
Finally, applying a seal or coating bazced on synthetic, thermosetting resing 1n it gelf 1z
difficult and laborious.

US 5.292.044 discloses a composition having improved properties when
compared with the materials discussed above. This composition comprises an apolar,
non-thermosetting fluid polymer, e.g. polyisobutene, having a glass transition

temperature lower than -20°C and a surface tension of less than 40 mN/m at

temperature above its glass transition temperature, and a filler material. The
composition may contain an anti-oxidant such as 2,6-di-t-butyl-4-methylphenol (BHT).
The composition can be used in combination with a shrink sleeve, a tape, a belt, a mat

or a tape having an open cell structure. However, the composition according to US
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5.898.044 has certain disadvantages. For example, if the composition contains 2,6-d1-t-
butyl-4-methylphenol as the anti-oxidant, the present inventors have found that the
anti-oxidant leaches out of the composition thereby deteriorating the protecting
properties of the composition due to oxidative degradation of the non-thermosetting
fluid polymer. This has the disadvantageous effect that the adhesive strength of the
composition deteriorates over time when applied to a shaped article. Consequently, this
sealing system have a reduced life cycle and requires earlier repair or replacement than
desired. Since the sealing system is required to have a long life cycle, i.e. in general
more than 50 years, and the application thereof is expensive and laborious, it 1s obvious
to the person skilled in the art that such a sealing system needs improvement.
Therefore, the inventors have investigated this technical problem and discovered that
the decrease of adhesive strength is caused by leaching out of 2,6-di-t-butyl-4-
methylphenol.

WO 99/56055 discloses a method for protecting a metal pipe against corrosion by
applying a film to the metal pipe. The film comprises an outer layer, an intermediate
layer and an inner layer. The outer layer is preferably made from a polymer, in
particular high density polyethylene. The intermediate layer is preferably made of a
metal, in particular aluminium. The inner layer comprises preferably an adhesive or
mastic. The film must be applied by employing heat. As is obvious to the person skilled
in the art, this method is laborious and time-consuming and inferior to the methods
disclosed m US 5.898.044.

WO 99/48997 discloses a composition comprising an organic material that is
subjective to oxidative, thermal or light-induced degradation and two or more anti-
oridants, wherein the organic material may be selected from a wide range of materials
including polyisobutene. According to page 44 of WO 929/43997, the compositions
may be vsed in an extreme wide variety of applications, e.g. in lubricaiing oils,
hydraulic fluids and in metal-working fluids. However, WO 99/48997 does not disclose
that the composition can be used for protecting a shaped article against corrosion.

EP A 1.086.963 discloses an ethylene copolymer composition that can be used as
a gasket, e.g. a corrosion-resistant pipe joint. Obviously, such a gasket 1s placed

between two pipe ends when the pipes are joined together to prefer leakage.
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Summary of the invention

The present invention relates to a composition for the protection of a shaped
article against corrosion, said composition comprising:
(a) a polyisobutene having a glass transition temperature of less than -20°C and
surface tension of less than 40 mM/m at a temperature above the glass transition
temperature of said polyisobutene,

(b) a filler material, and

(c¢) an anti-oxidant composition, wherein said anti-oxidant composition comprises a
primary and/or a secondary anti-oxidant, the primary anti-oxidant being selected
from the group consisting of sterically hindered phenol compounds, provided that

the sterically hindered phenol compound is not 2,6-di-t-butyl-4-methylphenol.

Detailed description of the invention

Advantages of the present invention are that the compositions have an improved
setting on the shaped article to be sealed or coated including an improved deformability
and a very good adhesion, i.e. a very good adhesive power to the surface of the shaped
article. The composition according to the invention does not set and therefore remains
soft and is impermeable for water, moisture, salts and the like and is pore-tight. An
additional and very important feature of the composition of the present invention that 1f
a coating or seal made of the composition according to the invention is mechanically
deformed to a relatively small extent, the damage is repaired automatically within a
relatively chort period time due to the fluid-like and/or visco-elastic nature of the
compozition of the invention. That is, the composition has self-recovering properties
and any deformation or damage is repaired as a result of flow of the composition 1nto
holes or cavities caused by mechanical deformations or soil stresses. Consequently, the
seal or coating comprising the composition according to the invention is not only
smooth when applied, but even if indentations, imprints, dents, cavities and the like are
caused by mechanical forces, they will disappear in due course and the smooth surface
of the seal or coating reappears. Obviously, because of this fluid-like nature any seal or
coating comprising the composition according to the present invention does not tear ot

break and does not build up internal stresses. Likewise, irregularities on the surface of
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the shaped article are perfectly filled or enveloped by the composition according to the
invention where materials according to the state of the art often give rise to problems in
such circumstances. The fluid-like and/or visco-elastic nature of the composition
according to the invention also implies that it has no pot-life whereas protective
coatings need to be applied within a certain period of time.

Other advantages of the composition according to the invention are a high
chemical stability and resistance over a wide pH-range, excellent impact resistance,
very good electrochemical impedance, a high cathodic protection performance,

essentially no cathodic disbondment or undercreep corrosion. Additionally, the
composition can be used within an operating temperature range of -50° to 85°C.

There are more important advantages of the composition according to the present
invention. Most protecting systems require the use of a primer before these systems are
applied to the shaped article to provide sufficient adhesion. The use of a primer is
unnecessary with the composition according to the present invention which implies that
the composition can be applied within a shorter period of time thereby making the
operation less expensive.

Coating systems have the disadvantage that, in particular under high-temperature
conditions, suffer from loss of material which is not only costly but also detrimental to
the environment and health of the user. Such problems do not occur when the
composition according to the present invention is used. Other problems that do arise
when coating systems are applied are that air bubbles may be formed in the coating
which easily burst open thereby leading to pinholes in the coating layer and a poor
protection. The present inventors have found that when the composition of the present
invention 12 used, any air bubble preseni between the surface of the chaped article and
the surface of the protective layer of the composition according to the nvention
migrates io the outer surface of the protective layer of the composition and diffuses
away. In locations where the shaped article is in contact with salt, e.g. sea water, salt
crystals are formed on the surface of the shaped article and before a coating system 1s
applied to said surface, it requires thorough cleaning, i.e. by sand blasting, whereas the
composition according to the invention encapsulates the salt crystals and removal of
these crystals is not required. The necessity that for prior art protecting systems the salt
crystals must be removed is that these crystals are hygroscopic and absorb water that

permeates the protective layer. As a consequence, the salt crystals swell thereby
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causing cracks in the protective layer which eventually leads to a deteriorated
protection to corrosion. In practice these salt crystals cause serious problems in the
operation of shaped articles which require that the state of the art protective coatings
must be replaced regularly. The composition according to the invention, however, does
not suffer from such problems and is therefore much more economical to the end-user.

In a desert-like environment sand storms regularly occur. Any protective systems
that must be applied by spray techniques cannot be used under such circumstances.
However, the present inventors have found that the composition according the present
invention can be applied without leading to an inferior protective layer.

Shaped articles can also directly be coated with the composition according to the
invention under humid conditions, provided that condensation does not occur, whereas
most systems according to the prior art can generally not be used under such
conditions.

Shaped articles protected by the composition according to the invention can be
easily inspected since a protective layer of the composition according to the invention
can easily be removed and, after inspection, be reapplied. Most materials according to
the state of the art are far more difficult to remove. Moreover, when removed the
surface of the shaped article needs to be thoroughly cleaned before such materials are
reapplied. Obviously, a protective layer of the composition aécording to the invention

is also more easily tested.
Polyisobuiene

According to the invention, the polyicobuienz employed in the composition
according to the present invention has a glass transition temperature of less than -20°C,
preferably lezs than -40°C and more preferably less than -60°C. The surface tension of
the polyisobutene is according to the preseni invention less than 40 miM/m at a

temperature above the glass transition temperature of said polyisobutene. According to

 the invention, mixtures of different polyisobutenes may be used.

It is well known in the art that the glass transition temperature (1) 1s dependent
from the molecular weight of a polymer, i.e. the higher the molecular weight, the
higher the T,. Consequently, the upper limit of the T, defines in fact a maximum for the

molecular weight of the polyisobutene and excludes ultrahigh molecular weight
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polyisobutenes. Reference is for example made to Rompp Chemie Lexicon, Oth.
edition, page 1587. According to Rompp Chemie Lexicon, 9th. edition, page 3539,
polyisobutenes are commercially manufactured within a molecular weight range of
about 300 to about 2.500.000. For example, BP manufactures Napvis and Hyvis (now
sold under the trade name Indopol) having a M, range of about 180 to about 6000 and
BASF manufactures these polymers under the trade name Oppanol; the grade Oppanol
B 200 G has a M, of about 600.000. Although not many data for the glass transition
temperature vs. molecular weight of commercially available polyisobutenes are known,
it can be estimated that at a M, of about 5000 or higher the glass transition temperature
is becomes lower than -60°C.

The surface tension parameter is also used to define a certain class of
polyisobutenes. In general, polymers having a relatively low surface tension have
better flow, wetting and adhesion properties than polymers having a relatively high
surface tension. Furthermore, it is also well known in the art that the surface tension
increases with increasing molecular weight (and obviously also with increasing
viscosity), although the increase above a molecular weight of about 2000 - 3000 1s 1n
general negligible and reaches about 1 mN/m of the value at infinite molecular weight.
Reference is for example made to J. Bandrup, E.H. Immergut, Polymer Handbook,
third edition (1989), page VI/412. Hence, in the present invention the surface tension is
used to distinguish between very low molecular weight polyisobutens from
polyisobutenes according to the present invention and therefore defines a minimum of
the molecular weight. The surface tension of polyisobutylene (M, 2700) is about 33.6
mN/m at 20°C (cf. J. Bandrup, E.H. Immergut, Polymer Handbook, third edition
(1909), page VI/A14) whereas the mueface tengion of the low molecolar weight
polyisobutenes (up to a My of 430) is about 22 - 27 mN/m. Hence, the polyisobutenes
according to the invention have a surface tension less than 40 nivi/m at a temperature
that is higher than the glass transition temperature.

According to the invention, the most preferred polyisobutenes have preferably a
M, (average molecular weight, viscosity average calculated according to J, = 3.06 x 10°
2 x M,>®) in the range of 10000 to 100000, more preferably in the range of 15000 to
80000. The preferred molecular weight distribution M,/M, is preferably not more than

4. more preferably not more than 3.5.
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Filler material

The filler material according to the invention comprises preferably an inorganic
material such as inorganic minerals, salts and oxides, e.g. chalk, boron sulphate,
aluminium oxide, silicon dioxide, limestone, ground quartz, glass, talc, slate, bentonite
and the like. However, it is preferred that the filler material has a density of about 2.0 to
about 4.0 kg/dm’, preferably about 1.5 to about 3.5 kg/dm°, at 20°C according to DIN
ISO 787/10. 1t is furthermore preferred that the filler material consists essentially of an
inorganic material, preferably at least 75 wt.%, more preferably at least 90 wt.% and

most preferably at least 95 wt.%, based on the total weight of the filler material. It is
furthermore preferred that the filler material has a very low water solubility, preferably

of less than 0.1 g/l (20°C; according to DIN ISO 787/8), more preferably less than 0.05
g/l. According to a particular embodiment of the present invention, the filler material
consists essentially of calcium carbonate and a very suitable commercially available
material is Omyalite 95T (available from Omya GmbH, K06ln, Germany).

According to the invention, the composition comprises about 40 wt.% to about 80

wt.% of the filler material, preferably about 50 wt.% to about 70 wt.%, calculated on

the total weight of the composition.

Anti-oxidants

Properties of polymers, e.g. polyisobutenes, are strongly influenced by
degradation reactions that may occur during production and uses. In many cases these
degradation reactions are initiaied by the presence ol orygen which may be catalysed
by light, heat, water and metal ions. In initiation reactions free radicals are formed that
in propagation reactions lead to the formation of wvnstable hydroperowides. The
hydroperoxides are the main initiators of thermal degradation and photodegradation
Processes.

Anti-oxidants are commonly used to prevent such degradation reactions wherein
primary anti-oxidants interfere directly with propagation reactions leading to
degradation, i.e. that they terminate such propagation reactions, whereas secondary

anti-oxidants induce decomposition of the hydroperoxides.
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According to the invention, the anti-oxidant composition comprises a primary
and/or a secondary anti-oxidant, wherein the primary anti-oxidant is selected from the
group consisting of sterically hindered phenol compounds, provided that the sterically
hindered phenol compound is not 2,6-di-t-butyl-4-methylphenol. Furthermore, the
primary anti-oxidant may comprise mixtures of sterically hindered phenol compounds.
Likewise, the secondary anti-oxidant may comprise more than one secondary anti-

oxidants.

The sterically hindered phenol compounds are preferably selected from the

compounds according to formula (1):

I_—— t-Bu \

B
o §Q}X e,

, 1

D)

wherein R, is a C1-Cy-alkyl group;
nisl, 2, 3 or4;
S0 -CHo, ~CHo-CH-C(O)-Y - or CHo-C(0)-CHa-CHo-;
Y is -O- or -NH- 15; and
if n =2, then X is ~CH,-CHo-C(0O)-Y- wherein Y is bonded 1o Ry, and s 15 a Cp-Cya-
allcylene group, a Cy-Cp-allcylene group that 1s interrupted by one or more oxygen atoms
or sulphur atoms, or is a direct bond; and
if n = 4, then X is -CH,-CH,-C(O)-Y- wherein Y is bonded to 2 and Ry 18 C4-Cig
alkanetetrayl.

The C;-C4 group encompasses methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl and

t-butyl. According to the invention, the preferred meaning for R 1s t-butyl.
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The C,-Cys-alkylene group is preferably branched or linear. Examples of such
groups are ethylene,  propylene, tetramethylene, pentamethylene, hexamethylene,
heptamethylene, octamethylene, decamethylene and dodecamethylene. R; is preferably a
C,-Cyo-alkylene group, more preferably a Cp-Cg- a]kyleﬁe group and in particualr a C4-Cg-
alkylene group, typically hexamethylene.

The C4-Cyp-alkylene group that is interrupted by one rmore oxygen atoms or sulphur
atoms is preferably a C4-Cp-alkylene group, more preferably a C4-Cy-alkylene group and
in particuar a C4-Cg-alkylene group. Examples of suitable groups are:
-CH,-0-CH,-CH,-O-CHy-,

-CHz-(O-CH,-CH,)»-O-CHoy-,
-CH,+(0-CH,-CH,);-O-CH»-,
-CH2-(0-CHz-CHy-)s-0O-CHp-,
-CH;-CH,-0-CH,-CH,-0-CH3-CH»- and
-CH,-CH,~-S-CHy-CHa-.

Particularly preferred C4-Cyz-alkylene groups that are interrupted by one or more
oxygen atoms or sulphur atoms are ~-CHy-CH,-O-CH,-CH,-O-CHy-CHy- and -CHy~-CHa-
S-CH-CHy-. |

According to the invention, C4-Cy alkanetetrayl.is preferably (-CHj)4C.

Preferred sterically hindered phenol compounds according to the invention are those
wherein in formula (I) n = 1 and R, is Cx-Cyy alkyl. However, compounds that are more
preferred are those wherein in formula (I) n = 2, R; is C>-Cg alkylene, C4-Cy alkylene that
is interrupted by a sulphur atom or an oxygen atom, or, if Y is -NH-, R is additionally a
direct bond and those wherein in formula (I) n = 4 and R, is C4-Cy alkanetetrayl. Other
prefesred sterically hindered phenol compounds according fo the invention are those
wherein in formula (I) R, is t-butyl, n=1, 2 or 4, X is -CH»-CH2-C(O)-Y~, Y 1s an oxygen
atom or -NH- and if n = 1, then R; is C4~Cyg alkyl; and if n = 2, R» is Cq-Cg alkylene or
C4-Cs alkylene interrupted by an oxygen atom; and if n =4, Ry is C4-Cg alkanetetrayl.

Suitable sterically hindered ;;henol compounds are for example disclosed n US
5.763.512. | .

The sterically hindered pheﬂol compounds are most preferably selected from the
group consisting of Irganox™ 1330, Irganox™ 1010, Irganox™ 1098, Irganox™ 1076,
[rganox™ 245, Irganox™ 259, Irganox™ 1035, Irganox™ 3114 andtlrganoxTM 3125. Even
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more preferably, the sterically hindered phenol compounds are selected from the group
consisting of Irganox™ 1330, Irganox™ 1010.

Instead of or additional to the sterically hindered phenol compounds, a sterically
hindered alkylthiomethylphenol or arylthiomethylphenol compound or a mixture of such
compounds may be used. Such compounds are for example disclosed in US 4.358.616.

These sterically hindered thiomethylphenol compounds are represented by formula
(I

(Rg)n (CHZ“S‘RB)m

(1)
wherein R 1sa Ci-Cypp alkyl group,

mis 1,2 or 3,

R4 is a C;-Cy, alkyl group, a C-C; cycloalkyl group, a Ce-Cy aryl group, a C7-Cy; aralkyl
group or a C;-C, alkaryl group, and

n is an integer (5-m).

A suitable and preferred example of the compounds according to formula (II) is
[rganox 1520, i.e. 2,4-di-octylthiomethyl-6-methyl phenol.

According to the invention, the secondary anti-oxidant is preferably selected from
the sroup consisting of fosfites and thioesters. Suitable fosfites are for example disclosed
i U 5.763.512.

According to the invention, the fosfites are preferably selected trom the compounds

according to formulae (HI - V):
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(I10)

wherein R is a carbon atom, a nitrogen atom or an oxygen atom and whereinn 1s 2, 3 of 4;

T T e T
Bu-t Bu-t Bu-t
| 4 |
@ o O[Px—r o I

e _I3 h | L v

(IV) (V)

wherein Rs is a C;-Cy-alkyl group and X is a group as defined above for R, of formula (I)

or a C¢-Cig-hydrocarbyl group, wherein the hydrocarbyl group comprises one or more

arylene groups. According to the invention, suitable fosfites are Irgafos™ 168, Irgafos™
10 12 and Irgafos™ P-EPQ.

The thioesters are preferably selected from the group of compounds represented by
formula (VI): S-(Re-COOR7), wherein Ry is a Ci-Cy, alkylene group, preterably a C-Cg
alkylene group, and wherein R; is a Ci-Cyy alkyl group, a Cs-Cyy aryl group, a C7-Cy
alkaryl group or a C;-Cy, aralkyl group.

15 In addition to the primary and secondary anti-oxidants, the anti-oxidant composition
preferably comprises a further anti-oxidant selected from the group of lactones

represented by tormula (V1):

20
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wherein Ry — Ry; are independently hydrogen, halogen or C;-C; alkyl and whereimn R,
— Ry4 are independently hydrogen, halogen or C;-C; alkyl. Preferably, Rg — Ry; and
R >-Ry¢ are independently hydrogen or C;-Cy; alkyl. More preferably, Rg and Ry are

5  C;-Cg alkyl groups, Ro and Rj; are hydrogens and R;»>-R;¢ are independently hydrogen
or C;-C1p alkyl groups. Even More preferably, Rg and Ry are C;-Cg alkyl groups, Ro
and R;; are hydrogens, Rys and Rys are Ci-Cg alkyl groups and Ry, Ry3 and Rje are
hydrogens. Such lactones are for example disclosed in US 6.310.220.

10  Wrapping tape

The present invention also relates to a wrapping tape for the protection of a
shaped article against corrosion, wherein the wrapping tape comprises:

(a) a first layer comprising a film, said film comprising a polymer or a copolymer of
15 one or more a-olefins and/or diolefins, and
(b) asecond layer comprising a composition comprising:

(i) apolyisobutene having a glass transition temperature of less than -20°C and
surface tension of less than 40 mM/m at a temperature above the glass
transition temperature of said polyisobutene,

20 (i) a filler material, and

(iii) an anti-oxidant composition, wherein said anti-oxidant composition
comprises a primary and/or a secondary anti-oxidant, the primary anti-
oxidant being selected from the group consisting of sterically hindered
phenol compounds, provided that the sierically hindered phenol compound

25 is not 2,6-di-t-butyl-4-methylphenol.

The wrapping tape according to the invention can be easily applied to the shaped
article to be protected since the second layer (b) can easily be deformed. Moreover after
being applied, the wrapping tape can also easily be removed. Although due to cohesive
breakage it does leave some residuals on the surface of the shaped article, these

30 residuals can be easily removed by scraping. Additionally, the wrapping tape can 1n
particular be applied to T-joints and the like. Furthermore, the wrapping tape éccording
to the invention can suitably be used for repairing damaged or corroded shaped articles

that were already provided with some protecting material according to the state of the
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art, provided that the surface of the shaped article is cleaned to a St-2 level according to
the NEN-EN-ISO standard 8501-1. Finally, as described above, the wrapping tape has
self repairing properties due to the fluid and/or visco-elastic nature of layer (b).

If necessary, the wrapping tape may comprise a further layer (c) to protect layer
(b). Moreover, the wrapping tape preferably has between layers (a) and (b) a further
layer (d) comprising a reinforcing net-like layer hav.'ing a woven, knitted or spool-
knitted structure and that can be deformed in two orthogonal directions. The reinforcing
net-like layer can be manufactured from polyolefin fibres, e.g. fibres made from ethane
homopolymers or copolymers or propene homopolymers or copolymers, as is well
known in the art

Layer (a) of the wrapping tape preferably comprises a polymer or a copolymer of

one or more c-olefins and/or diolefins. Examples of such polymers and copolymers are
EP(D)M elastomers, ethylene homopolymers, ethylene-a-olefin copolymers, propylene
homopolymers and propylene-ai-olefin copolymers. If the copolymer is an ethylene

copolymer which is a preferred embodiment of the invention, the o-olefin 1s then

preferably a C3-Cyp a-olefin, in particular a C3-Cg o-olefin. Examples of suitable o~
olefins are propene, 1-butene, 1-hexene and 1-octene. The ethylene copolymers
preferably comprise 0.1 to 30 wt.%, in particular 0.1 to 20 wt.% c-olefin. The density
of the ethylene homopolymers or copolymers (as measured according to ASTM D
1248) is preferably 0.800 — 0.975 g/cm’, in particular 0.850 — 0.950 o/cm’. The melt
index (as measured according to ASTM D 1238) of the ethylene homopolymers or
copolymers is preferably 0.1 to 50 g/min., in particular 0.2 to 20 g/min. Layer (a) of the
wrapping tape comprises preferably one or more of the following polymers: low
density polyethylene (LDPE), lincar low density polyethylene (LLDPE), ingh density
polyethylene (HDPE), an ethene propene copolymer, an ethene propene diene
copolymer. According to a preferred embodiment of the invention, layer (a) of the
wrapping tape comprises LDPE, HDPE or LLDPE or a combination thereof.

Obviously, layer (2) may comprise more than one layer and can for example be a
multilayer film comprising of LLDPE outer layers and a HDPE inner layer. Such
multilayer films are well known in the art.

Layer (a) may further comprise different additives such as pigments and fillers.

The wrapping tape according to the invention has preferably a total thickness of

about 1.0 to about 3.0 cm, more preferably about 1.2 to about 2.8 cm. The width of the
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wrapping tape ca obviously adjusted as desired or as suitable, but is preferably about

3.0 to about 50.0 cm, more preferably about 4.0 to about 40.0 cm. The thickness of
layer (a) is preferably about 10 pum to about 500 pm, more preferably about 20 pm to
about 300 um.

The invention also relates to a process for the manufacture of a wrapping tape for

the protection of a shaped article against corrosion, wherein a composition comprising:

(i) a polyisobutene having a glass transition temperature of less than -20°C and
surface tension of less than 40 mM/m at a temperature above the glass transition
temperature of said polyisobutene,

(i1) a filler material, and

(iii) an anti-oxidant composition, wherein said anti-oxidant composition comprises a
primary and/or a secondary anti-oxidant, the primary anti-oxidant being selected
from the group consisting of sterically hindered phenol compounds, provided that
the sterically hindered phenol compound is not 2,6-di-t-butyl-4-methylphenol,

is laminated onto a film, said film comprising a polymer or a copolymer of one or more

o-olefins and/or diolefins.

After said lamination step, the surface of layer (b) not being in contact with layer
(a) is preferably protected by a layer (¢), wherein layer (c) may be any suitable material
that comprises an olefin polymer or copolymer, paper and the like.

If a layer (d) is present between layers (a) and (b) as described above, layers (a)
and (d) are first laminated where after a layer (b) is applied to the surface of layer(d)
opposite the surface of layer (d) that is in contact with layer (a). The thickness of layer
(b) is controlled by e.g. a knife.

Afier ihe wrapping fape Is manutactured, 1 is preferably wrapped around a
bobbin or a spool.

Another important advantage of the wrapping tape according to the mvention is
the following. It is known in the art that sulphate-reducing bacterna are frequently
encountered in defects in the protective layer of subterranean shaped articles. These
bacteria are capable of producing hydrogen sulphide that is known to promote metal
corrosion (cf. for example S. Grobe et al., Materials and Corrosion, Vol. 47, pages 413
— 424, 1996; M.J. Feijo et a., Materials and Corrosion, Vol. 651, pages 691 — 697,
2000). Since during the application of a protective layer infection and mclusion may

occur, it is essential that components that promote bacterial growth do not permeate
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during the protective layer. Moreover, it is believed that at least one of the essential
elements (in particular carbon, hydrogen, oxygen and nitrogen) are must be absent in
order to prevent the growth of such bacteria. Since the wrapping tape according to the
invention has a low permeability for gases (air, i.e. nitrogen, oxygen and water vapour)
and is water resistant and 1s free of nitrogen containing compounds (unless a particular
anti-oxidant is used that contains nitrogen; it is believed, however, that this i1s not
detrimental given the fact that only small amounts of anti-oxidants are added), the
inventors believe that with the wrapping tape according to the invention corrosive
problems due to such micro-organisms do not occur.

Finally, the inventors have noted that with protective systems like butyl rubber
(which 1s spirally applied to shaped articles such as pipe lines) corrosion occurs in the
areas of overlap between different windings (“spiral corrosion™) due to the fact that in
the areas of overlap the rather stiff butyl rubber windings are not in intimate contact so
that occlusion of air, water vapour and the like occurs. Such problems do, however, not
occur with the wrapping tape according to the invention because of the fluid and/or
visco-elastic nature of layer (b).

The present mvention further relates to a process for covering a shaped article
with a wrapping tape, wherein the wrapping tape comprises:

(a) a first layer comprising a film, said film comprising a polymer or a copolymer of
one or more o~olefins and/or diolefins, and
(b) asecond layer comprising a composition comprising:

(i) a polyisobuiene having a glass transition temperature of less than -20°C and
surface tension of less than 40 mM/m at a temperature above the glass
irancition tcmperature of zald polyvisobuiene,

(i1) a filler material, and

(1i1) an  antl-oxidant composition, wherein said anfi-oxidant composition
comprises a primary and/or a secondary anti-oxidant, the primary anti-
oxidant being selected from the group conmsisting of sterically hindered
phenol compounds, provided that the sterically hindered phenol compound is
not 2,6-di-t-butyl-4-methylphenol

According to the invention, wherein the surface of the shaped article is preferably
cleaned to a St-2 level according to NEN-EN-ISO Standard 8501-1 prior to the
application of the wrapping tape. The St-2 level is defined as: “Thorough scraping and
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wire-brushing; hand tools and/or machine brushing/grinding is acceptable. Loose mill
scale, rust-and foreign matter must be fully removed. Finally, the surface should be
cleaned with a vacuum cleaner, clean dry compressed air or a clean brush. Surface
should have a faint metallic sheen (no anchor pattern is required)”.

The wrapping tape 1s preferably wrapped around the shaped article such that
subsequent layers of the wrapping tape overlap each other, wherein the overlap has
preferably a width of at least 1.0 mm, more preferably a width of at least 5.0 mm and in
particular a width of at least 10.0 mm. Obviously, greater widths, e.g. about 50.0 mm
are also possible but that is also dependent from the width of the wrapping tape used as
will be obvious to the person skilled in the art. It 1s, however, necessary that the width
of the overlap i1s at least 1.0 mm to obtain a proper sealing. Moreover, the first and last
windings are preferably applied essentially perpendicular to the wrapping direction,
that is if the shaped article is for example a pipe line, the first and last windings are
applied essentially circumferential and essentially perpendicular to the length of the
pipe line. If the end of a first wrapping tape 1s reached, a second wrapping tape may be
applied where the first wrapping tape expired, provided that the longitudinal overlap is
at least 1.0 mm, preferably at least 5.0 mm and most preferably at least 10.0 mm. The
wrapping tape is preferably applied without tension.

According to the invention, it 1s preferred that after the wrapping tape has been
applied, an outerwrap film is wrapped around the shaped article. Preferably the
outerwrap film is selected from films comprising one or more polyolefins that are
preferably selected from the group consisting of ethylene homopolymers, ethylene
copolymers, ethylene vinylchloride copolymers, vinylchloride polymers and ethylene
vinylacetate copolymers. According fo a preferred embodiment of the nvention, the
outerwrap filin 15 a PVC film. The outervwrap film 1s preferably applied with tension.

Preterably, the outerwrap film 1s wrapped such that the width of the overlap is at
least 20% of the width of the outerwrap film, preferably at least 40% of the width of the
outerwrap film.

The invention will be further illustrated by the following examples which are,

however, not intended to restrict the scope of the invention by any means.
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Examples

Example 1

In this example the water permeability of the wrapping tape according to the
present invention was compared with that of several commercially available materials
at similar thickness. The data show the excellent performance of the composition

according to the invention, i.e. it has the lowest permeability for water.

 Material P (H,0) * 107 Pa.cm?/s
 Bitumen 840
EPDM 157
| Butyl rubber 82.5
LDPE - - 68
Tolypropylens G3% sowastie) |5

Wrapping ta.pe according to the | 35.5
invention l

Example 2

In this example, a composition comprising polyisobutene and 2,6-di-t-butyl-4-
methylphenol (BHT; supplied by Bax Chemicals B.V., The Netherlands) as the anti-
oxidant were tested relative to the neat polyisobutene. The polyisobutylene was
Oppanol B10 N (containing about 0.04 wi.% BHT) supplied by BASF, The
Metherlands, having a M, of 24000 and a M, of 40000. The filler material was
Omyalite 25T supplied by Omya GmbH, Germany.

The tests that were performed were:

1.  Thermogravimetric analysis. This test provided data of the weight loss of the

polyisobutene as function of the temperature. The analysis was performed in the
presence of air at a temperature of 60° and 85°C. Data are shown in Table 1.
2. Determination of adhesion strength. The composition according to the invention

was used in combination with a plastic tape. The composition contained 38.6
™ .
wt.% Oppanol B10 N, 60.3 wt.% Omyalith%T, 0.06 wt.% pigment (green) and
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1.0 wt.% BHT. The size of the sample was 4.9 x 13 cm of which 3.5 cm was
applied to a steel plate having a size of 4.8 x 7.1 cm. The adhesion strength was
determined by using a tensile testing machine (Zwick, 5 KN). The drawing rate
was 300 mm/min. Data are shown in Table 2; the standard deviation of the load

data is about 0.003 so that a load of 0.0562 * 0.003 implies that the adhesive
strength is unchanged.
Table 1
Formulations (wt.%, calculated on
weight of total composition)
| A ' B
Oppanol B10 N 100.00 | 99.00
BHT 0.00 1.00
Weight loss (%) at 60°C
1 Day 0.02 0.07
3 Days 0.06 0.09
5 Days 0.04 0.09
10 Days 0.06 0.15
Weight loss (%) at 85°C
1 Day 0.00 0.08
3 Days 0.09 0.12
5 Daysg 0.08 0.12
10 Days 1013 0.23

The data of Table 1 show that BHT leaches out.
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Table 2
Exp.| Subjectedto | Max. load Loss of
(kN adhesive
strength
1 |RT(eference) | 00562 | Na.
2 | 1 week, 60°C 0.0558 No
3 | 1 week, -20°C ' 0.0551 No
4 | 5 days, 150°C  Britile, Yes
break of
seal
5 | 1 week, 85°C 0.0491 Yes
6 | 2 weeks, 85°C No Yes
adhesion
7 | 1 week, -20°C 0.0552 | No

The data of Table 2 show that under various conditions the adhesive strength
5  decreases over time. This is caused by the fact that BHT leaches out of the composition

thereby providing insufficient protection to the polyisobutene.

Kxample 3

10 The composition according to the invention was subjected to an ageing test and
an accelerated ageing test. 1 these tests, the composition according to the invention was
compared with a similar composition containing BHT as the anti-oxidant. All tested
compositions contained 1.0 wt.% of anti-ozidant or anti-ozidant compogition, based on
the total composition (cf. Table 3).

15

20
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Table 3

Formulation Anti-oxidant (1.0 wt.%) i
B

E BHT
Irganox 1010 / Irgaphos 168 (50:50 w/w)

F
G Irganox 1010
H |

- Irganox 1330

Ageing test

Corroded steal pipes were brushed clean by using a wire brush. The steal pipes
were subsequently laminated with a wrapping tape comprising the compositions and a
polyethylene film. In a climatic cabin the steal pipes were immersed in a brine solution
and subjected to the following cycle: 4 h at 85°C, 6 h from -20°C to 85°C, 4 h at -20°C
and 6 h from 85°C to -20°C. The cycle was repeated 135 times which according to the
standard for cable sleeves of Deutsche Telekom AG corresponds with a life cycle of
107.5 years. After this test, the M, of the polyisobutene (the polyisobutene had
originally a M, of 24000) was determined by GPC (the polyisobutene was isolated by
soxhlet extraction using hexane as the solvent, the solvent was evaporated and the
residue was dissolved in THF (2mg/ml). The GPC apparatus used was a Spectra
Physics P 1000 (light diffraction detection). The flow was 1 ml/min. and the column

used was a Waters F6. An increase of the M, implies a reduced adhesive strength. Data

are shown in Table 4.

Table 4
Formulation Relative change of M, (%e)
E 147
F 107
G 108
H | 108
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The data in Table 4 shows that formulation E (containing BHT) showed the

largest increase of the M;,.

Accelerated ageing test

Formulations E - H were mixed with rust. The samples were stored 1n an oven at
85°C for six months. Thereafter, the polyisobutene was isolated as described above and
analysed by FT-IR. The spectra of the formulations were superimposed on each other

and the relative absorption was determined at the wavelength region of 1730 cm. In

Table 5 the absorption data are shown.

Table 5

Formulation Absorption units

j (1729 cm-1)
E 0.011
F 0.004
G | 0.004
H 0.000

The data in Table demonstrate that oxidation of the polyisobutene in the

formulation containing BHT occurred to a higher extent than in the other samples.
ISATETTY) (I

Pipe spools (diameter of about 10 cm; length of about 10 cm) were subsequently
coated with a wrapping tape comprising the compositions (total thickness about 3 mm)
and a PVC film. Coated test panels were also used in the field test. This test comprised

the following tests:

@ Holiday detection
Chemical resistance tests
o Impact resistance tests

@ Electrochemical impedance tests
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Holiday detection

This test was performed according to ASTM G 62 (Method B) using a Elcometer
236 Holiday Detector. At 3000 V no holidays could be detected in the coated spools

and panels.

Chemical resistance

Samples of the compositions according to the invention were immersed in
aqueous solutions at pH 4, 7 and 10 (pH adjusted by HCI or NaoH) and kept at about
23°C for one week. Thereafter, the pH of 4 was decreased to 3 whereas the pH of 10
was increased to 11 and the samples were again kept under these conditions for one
week. After this period, the pH of 3 was decreased to 2 and the pH of 11 was increased
to 12 and the samples were kept under these conditions for three weeks . At the end of
the test (i.e. five weeks) no change in colour or in weight could be determined

demonstrating that the compositions are stable under these conditions which is essential

for long-term corrosion protection.

Impact resistance

This test was performed according to ASTM G14. The tests were performed
using 4 1b weight at two different force levels of 6, 10 and 15 Joule at room
temperature. After testing, the areas (dents) were visually examined for damage and
tesied nzing a Elcometer 262 Pinhole dotector. The dent obiained alicr tegting 4t o Jouls
disappeared quickly whereas the dents obtained after testing at 10 and 15 Joule partially
recovered. No holidays were detected. These resulis demonsirate the high impact
regsistance and self recovering characteristics of the compositions according to the

mvention.

Flectrochemical impedance

Electrochemical impedance spectroscopy measurements were conducted on the

coated spools and coated tests panels. Two commercially available corrosion protective
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materials were tested as well for comparison. The measurements were conducted by
using a computer controlled EG & G Frequency Response Analyser (Model 1025) in
conjunction with a EG & G potentiostat/galvanostat (Model 283). The impedance

results are shown in Table 6.

Table 6
Coating Impedance (ohm.cm?) |
Composition according o invention 2.1 x 10"
Commercial material 1 ("tape" type) 1.3x 10°
Commercial material 2 (liquid) 3.1X10°

This test revealed that the composition according to the invention has better

corrosion protective characteristics than the commercially available materials.
Example S

A wrapping tape comprising the composition according to the invention (total
thickness 1.8 mm; polyethylene film used as backing) was applied to a cleaned (St-2
level according to NEN-EN-ISO standard 8501-1) steel pipe surface by wrapping
spirally without tension. The subsequent turns had an overlap of about 10 mm. Next a
PVC film (thickness 0.5 mm; 50 % overlap of the turns) was applied using tension
ensuring good contact between the composition according to the invention and the
surface of ihe sieel pipe. A holiday isst al 20 1V revealed ihat holidays were nol
present.

Further evaluations were performed according to the Furopean Standard EDN
12068, "External organic coatings for the corrosion protection of buried and immersed
steel pipelines used ion conjunction with cathodic protection - Tapes and Shrinkable
Materials", 1998. The composition according to the invention was compared to the C-
class products (highest class). Impact resistance tests (ASTM G14) showed an impact
resistance of 16.8 Joule (requirement at least 15 Joule). Indentation resistance tests
revealed a residual thickness after indentation of 0.74 mm (requrement at least 0.6

mm). The electrical insulation resistance was at least 1.15 x 10° ohm.m™ (requirement
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at least 10° ohm.m™). Cathodic Disbonding tests (ASTM G 95 and ASTM G 8)
revealed a disbonding of 3.1 mm at room temperature and 6.8 mm at S0°C

(requirement less than 10 mm which is the most stringent requirement).
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CLAIMS

1. Use of a composition comprising:

(a)  a polyisobutene having a glass transition temperature of less than -20°C
and surface tension of less than 40 mN/m at a temperature above the glass

transition temperature of said polyisobutene,

(b) a filler matenial, and

(¢) an anti-oxidant composition, wherein said anti-oxidant composition
comprises a primary and a secondary anti-oxidant, the primary anti-
oxidant being selected from the group consisting of sterically hindered

phenol compounds, provided that the sterically hindered phenol compound

1S not 2, 6-di-t-butyl-4-methylphenol,
for the protection of a shaped article against corrosion.

2. Use according to claim 1, wherein the sterically hindered phenol compound

comprises at least two sterically hindered phenol groups.

3. Use according to claim 1 or claim 2, wherein the secondary anti-oxidant is

selected from the group consisting of phosphites and thioesters.

4, Use according to any one of claims 1 - 3, wherein the anti-oxidant composition

further comprises a lactone.

J. Use according to any one of claims 1 - 4, wherein the shaped article is an oil or

gas line or pipe.

6. Wrapping tape for the protection of a shaped article against corrosion, wherein the

wrapping tape comprises :

(a) a first layer comprising a film, said film comprising a polymer or a

copolymer of one or more o-olefins and/or dioletins, and



CA 02532963 2011-06-15
27

(b) asecond layer comprising the composition comprising:

(1) a polyisobutene having a glass transition temperature of less than
-20°C and surtace tension of less than 40 mN/m at a temperature

above the glass transition temperature of said polyisobutene,

(11)  a filler matenal, and

(1) an anti-oxidant composition, wherein said anti-oxidant
composition comprises a primary and a secondary anti-oxidant, the
primary anti-oxidant being selected from the group consisting of
sterically hindered phenol compounds, provided that the sterically
hindered phenol compound is not 2, 6-di-t-butyl-4-methylphenol.

7. Wrapping tape according to claim 6, wherein the total thickness of the wrapping
tape 1s 1.0 to 3.0 cm.

8. Process for the manufacturing of a wrapping tape wherein a composition 1s

laminated onto a film, said film comprising a polymer or a copolymer of one or more o.-

olefins and/or diolefins and said composition comprising:

(a) a polyisobutene having a glass transition temperature of less than -20°C
and surface tension of less than 40 mN/m at a temperature above the glass

transition temperature of said polyisobutene,
(b) a filler matenal, and

(¢) an anti-oxidant composition, wherein said anti-oxidant composition
comprises a primary and a secondary anti-oxidant, the primary anti-oxidant being
selected from the group consisting of sterically hindered phenol compounds,
provided that the sterically hindered phenol compound is not 2, 6-di-t-butyl-4-
methylphenol.

9. Process according to claim 8, wherein the total thickness of the wrapping tape 1s
1.0 to 3.0 cm.
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10. A shaped article comprising the composition according to any one of claims 1 -

5 or comprising the wrapping tape according to claim 6 or claim 7 or comprising the

wrapping tape obtained by the process according to claim 8 or claim 9.

11. Shaped article according to claim 10, wherein the shaped article 1s an o1l or gas

line or pipe.

12.  Process for covering a shaped article with a wrapping tape, wherein the wrapping

tape comprises:

(a) a first layer comprising a film, said film comprising a polymer or a

copolymer of one or more a-olefins and/or diolefins, and
(b)  asecond layer comprising the composition comprising:

(1) a polyisobutene having a glass transition temperature of less than

-20°C and surface tension of less than 40 mN/m at a temperature

above the glass transition temperature of said polyisobutene,

(1)  a filler material, and

(iii) an anti-oxidant composition, wherein said anti-oxidant
composition comprises a primary and a secondary anti-oxidant, the
primary anti-oxidant being selected from the group consisting of

sterically hindered phenol compounds, provided that the sterically

hindered phenol compound is not 2, 6-di-t-butyl-4-methylphenol.

13.  Process according to claim 12, wherein the surface of the shaped article is cleaned

to a St-2 level according to NEN-EN-ISO Standard 8501-1 prior to the application of the
wrapping tape.

14.  Process according to claim 12 or claim 13, wherein the wrapping tape is wrapped

around the shaped article such that subsequent layers of the wrapping tape overlap each

other.
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15.  Process according to any one of claims 12 - 14, wherein after the wrapping tape

has been applied, an outerwrap film is wrapped around the shaped article.

16.  Process according to claim 15, wherein the outerwrap film is selected from films

comprising one or more polyolefins.

17.  Process according to claim 16, wherein the polyolefin is selected from the group
consisting of ethylene homopolymers, ethylene copolymers, ethylene vinylchloride

copolymers and ethylene vinylacetate copolymers.



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims

