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Field of the invention

The present invention relates to combinations of substances for the release of vapour phase
corrosion inhibitors (VCl) for temporary protection of conventional industrially used
materials, such as iron, but also chromium, nickel, tin, zinc, aluminium, copper and alloys
thereof. Polymers or polyolefin waxes into which these substances are incorporated typically

serve in this case as a reservoir and carrier material.

Background of the invention

It has already been known for decades that solid and liquid corrosion-inhibiting substances
which already have an elevated vapour pressure at room temperature and thus have a
tendency towards sublimation can be used for primarily temporary protection of metal
articles from corrosion in closed spaces, such as e.g. in the case of packages, during storage

or transport.

The following, among others, have established themselves as very widespread substance
classes [D. M. Bastidas, E. Cano, E. M. Mora, Anticorros. Method M., 52 (2002), 71-77]:

1) Primary, secondary and tertiary amines, e.g. ethanolamine, cyclohexylamine or
dicyclohexylamine;

2) Inhibitors with a nitrite basis, e.g. sodium nitrite or similar salts or a combination with
substances from 1 in their ammonium form, e.g. dicyclohexylammonium nitrite
[US2419327A];

3) Carboxylic acids or the salts thereof; the acids in this case can bear a wide range of
residues, e.g. alkyl groups, aryl groups or further functionalities such as e.g. alcohols,
ketones, aldehydes, amines, etc. Typical representatives are benzoic acid and the
salts thereof as well as caprylic acid and the salts thereof (caprylates)
[DE102007059726B4];

4) Triazoles; a further widespread inhibitor type, in particular for the protection of
copper, are triazoles, particularly benzotriazole and the substituted derivatives

thereof. Various citations describe the effective protection of metals by these
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compounds, in particular also in combination with inhibitors of the groups described

above [Yu. |. Kuznetsov, Int. J. Corros. Scale Inhib., 3 (2018) 271-307.

These substances or mixtures of substances are no longer used in their pure form as VCls,
rather are coated onto or incorporated into carrier materials. This includes, for example, the
impregnation or coating of cellulose-based materials (paper, cardboard, etc.) or coating of
plastics such as nonwovens, plates or foams of PE, PP, PA or polyurethane with solutions

which contain VCls.

A further possible use is the direct incorporation of the volatile inhibitors as powder into the
polymer melt of plastics which are permeable for them such as polyethylene, polypropylene
or polyvinyl acetate (for example, described in US4290912A, DE2537232A1). Fillers and
additives such as, for example, phenols, esters or silicic acids are often described as
expedient for inhibitor release and advantageous for corrosion protection (e.g. in

W020030012170A1).

A great disadvantage of the VCI systems described and currently used is the unavoidable
premature release of the VCls contained and thus inherently the loss of some of the
effectiveness in the later intended use for corrosion protection in packaging. This is a
consequence of the property of the high vapour pressure of the respective VCls which is

common to all the systems and which is in principle also required for use.

An undesirable premature discharge of VCls is promoted in particular by higher
temperatures. This is, for example, the case with production of a VCl-containing compound
with a polymer basis by extrusion or a VCl-containing conventional polyethylene film which
is produced e.g. by the blown film method. Temperatures of more than 180°C normally
occur in the case of the latter. To this is added the storage time which cannot be avoided in

practice and which also generates a possible loss of VCI.

This described disadvantage is in particular valid for volatile carboxylic acids, for example,
caprylic acid, benzoic acid, among others, which already have such a significant vapour

pressure at moderate temperatures that they are emitted from the VCl-containing emitter
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material at high speed. Depending on the concentration in the emitter, it accordingly very
guickly loses its corrosion-inhibiting action as a function of time and temperature. The use of
volatile salts of this compound have already been described in the literature for modification
of the vapour pressure, wherein the active VCl is expediently formed from the reaction with
known active inhibitors primarily on the basis of amines, for example, dicyclohexylamine,

benzotriazole or monoethanolamine [US4124549; DE2537232A1].

These objects could surprisingly be achieved according to the invention by the provision of
the combination of substances according to Claim 1 and the method according to Claim 19.
More specific aspects and preferred embodiments of the invention are the subject matter of

the further claims.

Description of the invention

In order to counteract the rapid time- and temperature-related degradation of highly volatile
carboxylic acids described above, the combination of substances of the present invention
contains as the active main component(s) at least one non-volatile carboxylic acid anhydride
or carboxylic acid anhydride which only has low volatility and furthermore also at least one

salt of a volatile carboxylic acid which acts in a corrosion-inhibiting manner.

The highly volatile carboxylic acid which acts via the atmospheric path is initially not present
or only in traces in this mixture; on the contrary, it is only after hydrolytic cleavage of the
anhydride that two equivalents of an acid (or an equivalent of a dicarboxylic acid in the case
of the use of a cyclic anhydride) can be released. The anhydride and the acids which are
generated by hydrolysis should have low volatility or be non-volatile since the release
thereof into the gaseous phase is not desired. The released acid can rather, in the following
step, transfer its proton to a salt of a volatile carboxylic acid, i.e. a carboxylate, so that a now
volatile carboxylic acid is released while the salt of the acid formed from the anhydride
remains in the polymer matrix. The remaining carboxylate can also, where applicable, act as
a contact inhibitor as described in the literature.

The advantage of this approach lies in the fact that highly volatile components are only
formed to a very small extent in the system during the production of the VCI emitters, which
comprise such a combination of substances or are composed thereof, and during storage in

3



DK/EP 3739083 T3

as dry as possible conditions. As already mentioned above, the hydrolytic cleavage of the
anhydride and a subsequent proton transfer must firstly precede the formation of a
carboxylic acid which is active via the atmospheric path, which cleavage is above all induced
by the presence of water, for example, in the case of high air humidity or upon
undershooting of a dew point and which is possibly accelerated by elevated ambient
temperatures. These packing materials are then able to subsequently supply the inhibitor as
a function of the ambient climate. The corrosion-inhibiting action (release of the carboxylic
acid) of such a VCl emitter thus primarily and advantageously only occurs where necessary,

i.e. in the case of use in corrosion-promoting environmental conditions.

A combination of substances according to the invention for stimulus-dependent release of
vapour phase corrosion inhibitors according to Claim 1 accordingly contains at least the
following components:

(1) a matrix,

(2) at least one symmetrical or asymmetrical carboxylic acid anhydride of at least one first
carboxylic acid which is not a highly volatile carboxylic acid,

(3) at least one salt of at least one second, highly volatile corrosion-inhibiting carboxylic acid
with a vapour pressure of at least 1.3 x 10 Pa, preferably at least 1 x 10 or at least 1 x 1073
Pa, at 25°C,

wherein the carboxylic acid anhydride of the component (2) is a non-volatile anhydride or an
anhydride with relatively limited volatility with a vapour pressure of lower than 1 x 10 Pa,
preferably lower than 1 x 103 Pa or lower than 1 x 10 Pa, at 25° C,

and wherein the combination of substances is able, in the case of the action of the necessary
stimulus, i.e. presence of H,0, to release the first carboxylic acid(s) by hydrolysis of the
anhydride and release the at least one second carboxylic acid of the component (3) from its
salt by proton transfer from at least one first carboxylic acid,

so that at least one corrosion-inhibiting highly volatile carboxylic acid of the component (3) is

present as a corrosion inhibitor in the vapour phase.

According to the invention, the matrix is preferably a polymer matrix, a PE wax or an

oxidised PE wax.
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The release of the volatile corrosion-inhibiting carboxylic acid from the polymer matrix of a
combination of substances according to the invention is advantageously not only dependent
on the time in open storage, but rather primarily on the presence of the stimulus, i.e. water,
typically in the form of an elevated absolute air humidity of more than 2 g/m3, preferably
more than 5 g/m3 and more preferably more than 10 g/m3, wherein the release rate is
dependent on the temperature and on the concentration of water, i.e. the absolute air
humidity in the atmosphere surrounding the combination of substances according to the

invention, and is coupled to the following preceding reactions:
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In these equations, R1, R2 and R3 denote organic residues and Me* denotes a cation, e.g. an

alkali, earth alkali or ammonium cation.

Reactions (1) and (2) require both a diffusion of water through the respective matrix, in
particular a (typically hydrophobic) polymermatrix, such as e.g. the particularly preferred
polyethylene, or a (typically hydrophobic) polyolefin wax, in order to trigger the hydrolysis
of the anhydride, as well as a contact of the anhydride or the acids generated by hydrolysis
with the carboxylic acid salt although these components are separated or largely separated
by the solid polymer matrix. The diffusion of the water as well as the migration of the usually
solid anhydride or its usually solid hydrolysis products through the solid matrix to the solid
carboxylic acid salt are, among other things, temperature-dependent (increasing water
vapour permeability, rising diffusion constants). This mechanism surprisingly proceeds
adequately well despite the almost always solid aggregate state of components 1, 2 and 3
and it was possible to demonstrate analytically that up to 80% of the carboxylic acid salt
(component 3) can be degraded. Reaction temperature T typically lies in the range from -

20°C to 80°C, more frequently in the range from 0°C to 60°C, wherein the degradation rate
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of the carboxylic acid salt normally increases with the temperature in this temperature

range.

The combination of substances according to the invention comprises the components (1) to
(3) and the at least one first carboxylic acid of the component (2) is not a highly volatile
carboxylic acid, whereby the release of a corrosion-inhibiting, highly volatile carboxylic acid

is preferably or exclusively performed in accordance with the above equilibrium reaction (2).

The respective carboxylic acid anhydride of the component (2) can be formed by one
carboxylic acid (symmetrical anhydride) or by two different carboxylic acids (asymmetrical
anhydride). This can involve a cyclic anhydride which is formed by a molecule of a
dicarboxylic acid, in particular by a dicarboxylic acid which can form a 5-, 6- or 7-membered
ring, or an acyclic anhydride which is formed by two molecules of a carboxylic acid. The
carboxylic acids can be saturated or unsaturated, branched or unbranched aliphatic acids, or
aromatic or heteroaromatic carboxylic acids. The carboxylic acids can be unsubstituted or

where applicable also bear substituent groups, preferably hydroxy or amino substituents.

The carboxylic acid anhydride can be selected in particular from the group which comprises
myristic acid anhydride, naphthalic acid anhydride, in particular 1,8-naphthalic acid
anhydride, 2,3-naphthalic acid anhydride and 1,4,5,8-naphthalenetetracarboxylic acid
anhydride, diphenic acid anhydride, isatoic acid anhydride, pyromellitic acid anhydride,

mellitic acid anhydride or asymmetrical mixed anhydrides of the stated carboxylic acids.

The carboxylic acid anhydride is preferably a non-volatile anhydride or an anhydride with
relatively low volatility with a vapour pressure of lower than 1 x 102 Pa, preferably lower

than 1 x 1073 Pa, particularly preferably lower than 1 x 10 Pa at 25° C.

More volatile anhydrides on one hand reduce the advantage according to the invention of
releasing the active substances only in corrosion conditions into the vapour phase, and on
the other hand highly volatile anhydrides are often irritating to a greater or lesser extent to
eyes, skin and mucous membranes and therefore are less advisable for the production of the

corrosion-inhibiting combination of substances and emitter materials at elevated
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temperatures or also during final use on health grounds, which is why a noticeable release or

sublimation of the anhydride into the gaseous phase is expressly not desired.

In the embodiment described above, in which all the components (1)-(3) are present in the
combination of substances according to the invention, acids with low volatility (or a
dicarboxylic acid with low volatility in the case of use of a cyclic anhydride) are typically
released from the carboxylic acid anhydride. This acid can thus, in a subsequent reaction,
exchange its hydrogen ion for the cation of the salt of a volatile carboxylic acid (component
(3) with corrosion-inhibiting properties. The formed volatile carboxylic acid can leave the
emitter, while a salt of the carboxylic acid or dicarboxylic acid formed by hydrolysis of the

anhydride remains behind.

In one preferred embodiment of the invention in the case of which the (di-)carboxylic acid
formed by hydrolysis is preferably selected from the group of alkanoic acids, such as e.g.
myristic acid, or the group of aromatic dicarboxylic acids, which are generated from cyclic
anhydrides, such as e.g. 1,8-naphthalic dicarboxylic acid, the carboxylic acid or dicarboxylic
acid or in particular the formed (di-)carboxylic acid salt is furthermore able to act as a

contact inhibitor.

The formation of the contact-inhibiting carboxylic acid salt after extrusion has the further
advantage according to the invention that the salt is present in a very finely distributed form
in the matrix since the educts react on a molecular level in the matrix. A fine distribution of
the contact inhibitor is necessary for comprehensive contact corrosion protection. This must
be achieved in the case of direct addition of a contact inhibitor in salt form by previous fine
milling (while preventing the reagglomeration of the particles) since individual salt

crystallites can also not be comminuted during extrusion.

The salt of component (3) is in principle not particularly restricted. However, this is
preferably at least one alkali, earth alkali or ammonium salt of a highly volatile corrosion-
inhibiting carboxylic acid with a vapour pressure of at least 1 x 10 Pa or 1.3 x 10 Pa,
preferably at least 1 x 10" Pa, or particularly preferably at least 1 x 10 Pa, at 25°C, which is

selected in particular from the group which comprises saturated and unsaturated,
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unsubstituted alkanoic acids with 6-14 carbon atoms, saturated and unsaturated alkanoic
acids with 3-6 carbon atoms which bear amino or hydroxyl substituents and aromatic or
heteroaromatic carboxylic acids with 6-14 carbon atoms, in particular benzoic acid, alkyl-
substituted benzoic acid derivatives, such as ortho-, meta- and para-toluic acid, amino- or
hydroxy-substituted benzoic acid derivatives, furan-2-carboxylic acid or furan-3-carboxylic

acid.

The (potential) active ingredient components (2) and (3) are, according to the invention,
incorporated in a matrix, more specifically in a polymer matrix or polyolefin wax matrix, in
order to ensure the homogeneous and finely dispersed distribution of the active ingredient

components in the combination of substances according to the invention.

In the case of a polymer matrix, this can contain one or more polymers, in particular

extrudable polymers.

In more specific embodiments, this/these polymer(s) is/are selected from the group which
comprises polyolefin polymers, styrene polymers, polyamides, polyurethanes, polyester,
polyvinyl chloride, and biodegradable polymers, such as e.g. polylactides, polybutylene

adipate terephthalate, polyhydroxybutyric acid.

Such polymers, in particular polyolefin polymers, are generally preferably selected which on
one hand guarantee a stable granulate form after incorporation of the VCI components and
on the other hand enable good capacity for incorporation, good dispersion and homogeneity
of the VCI components as a result of good compatibility or affinity of the polymer matrix of

the masterbatch with the matrix material of the end product.

The term “polyolefin polymers” as used here encompasses both polyolefin homopolymers as
well as copolymers of olefin monomers with monomers of other olefins or with monomers
of other organic molecules which are capable of polymerisation, such as e.g. vinyl acetate,
styrene, acrylates and methacrylates. A wide spectrum of such polyolefin polymers are

commercially available.
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Specific, non-limiting examples of suitable polyolefin polymers are polyethylene,
polypropylene, ethylene vinyl acetate (EVA), ethylene-butyl acrylate copolymer (EBA),

ethylene-octene copolymer, ethylene-propylene copolymer.

Styrene polymers can be homopolymers or copolymers with monomers of other organic
molecules which are capable of polymerisation, such as e.g. vinyl acetate, olefins, acrylates
and methacrylates, in particular styrene block copolymers such as, for example, styrene-

butadiene copolymer, ABS, SAN, ASA.

One embodiment of the combination of substances according to the invention relates to
compositions also known as masterbatches which contain the active ingredient components
in a relatively high concentration and which can be mixed with one or more further polymers

and can be used to produce end products with a higher ratio of polymer matrix.

Such polymers for mixing with a masterbatch are preferably selected from the group which
comprises polyolefins, e.g. polyethylene or polypropylene or copolymers thereof,
polystyrenes and copolymers thereof, polyamides and copolymers thereof, polyurethanes
and copolymers, polyesters and copolymers thereof, polyvinyl chlorides or polylactides and

polyhydroxybutyric acid.

In this case, the polymers of the masterbatch and the subsequently added polymers are
preferably matched to one another in terms of mutual compatibility and in accordance with

the respective end product requirements.

For example, polyolefin polymers of the masterbatch are often mixed with one or more

further polyolefin polymer(s), e.g. polyethylene, polypropylene, etc.

Several non-limiting typical examples of such polyolefin polymers of the masterbatch are e.g.
polyethylene (PE), ethylene copolymers such as LLDPE (typically < 15 mass-% C3- to C8-
olefins) or POE (typically with 15-20 mass-% C3- to C8-olefins) or ethylene copolymers with a

polymerised-in vinyl acetate ratio (typically >= 40 mass-%), butyl acrylate ratio (typically
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<=25 mass-%) or (meth)acrylic acid (ester) ratio (typically >= 15 mass-%) and polypropylene

(PP) or analogous propylene copolymers, e.g. ethylene-propylene block copolymers.

Other typical masterbatch formulations encompass polymers which are selected from the
following groups:

- styrene block copolymers, such as, for example, styrene-butadiene copolymer for
incorporation into (or mixing with) polystyrene and the copolymers thereof such as ABS,
SAN, ASA;

- matrix materials which can be incorporated into (or mixed with) polyamides and the
copolymers thereof, in particular thermoplastic elastomers and there especially the group of
the TPE amides;

- matrix materials which can be incorporated into (or mixed with) polyurethane, in particular
thermoplastic elastomers and there especially the group of TPE-U;

- matrix materials which can be incorporated into (or mixed with) polyester, in particular
thermoplastic elastomers and there especially the group of TPE-E;

- matrix materials which can be incorporated into (or mixed with) polyvinyl chlorides, in
particular polyolefin polymers which have a high affinity with PVC;

- biodegradable polymers, such as e.g. polylactides, polybutylene adipate terephthalate,

polyhydroxybutyric acid.

In another embodiment, a polyolefin wax can be used as the matrix of component 1, which
polyolefin wax then represents the matrix as a binding agent. In this case, no extrusion has

to take place and the mixture can be used, for example, in a compressed form.

In principle, both non-polar and polar polyolefin waxes, in particular polyethylene waxes, are
suitable as the matrix. Polar polyolefin waxes can be obtained, for example, by oxidation of
non-polar polyolefin waxes, e.g. with atmospheric oxygen. These polar polyolefin waxes are
generally mixtures of short-chain polymer strands which were obtained by oxidative splitting
of the non-polar waxes, and typically contain e.g. carbonyl, carboxyl, hydroxy or ester
groups, wherein the quantity of carboxyl groups can be determined by the acid value.

A polyethylene wax with the general structure H(CH,-CH3)xH, wherein x is an integer which

indicates the degree of polymerisation (typically < 700), and a mean molar mass of 3000 to
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20,000 g/mol, preferably 3500-10,000 g/mol, or oxidised, polar derivatives of such a
polyethylene wax is/are preferably used for the combination of substances according to the
invention. In one preferred embodiment, the polyethylene wax used according to the

invention has a kinematic viscosity of at least 11 x 10°® m?/s at 100°C.

Polar polyolefin waxes, in particular polyethylene waxes, with an acid value of 0 to 20 are

particularly advantageous for the combination of substances according to the invention.

The combination of substances according to the invention can, in addition to components (1)
to (3), additionally contain further additives or excipients, in particular substances already
introduced as corrosion inhibitors, preferably vapour phase corrosion inhibitors, individually

or as a mixture of the same.

Such additional corrosion inhibitors can be, for example, triazoles (e.g. benzotriazole and
substituted derivatives thereof) or highly volatile corrosion-inhibiting carboxylic acids with a
vapour pressure of at least 1.3 x 10 Pa, preferably at least 1 x 107 Pa, at 25°C as defined

above.

An additional highly volatile corrosion-inhibiting carboxylic acid can be selected in particular
from the group which comprises saturated and unsaturated, unsubstituted alkanoic acids
with 6-14 carbon atoms, saturated and unsaturated alkanoic acids with 3-6 carbon atoms
which bear amino or hydroxyl substituents, and aromatic or heteroaromatic carboxylic acids
with 6-14 carbon atoms, in particular benzoic acid, alkyl-substituted benzoic acid derivatives,
such as ortho-, meta- and para-toluic acid, amino- or hydroxy-substituted benzoic acid

derivatives, furan-2-carboxylic acid or furan-3-carboxylic acid.

Further possible excipients are, for example, stabilisers, e.g. phosphites or phenols, or

additives and fillers such as, for example, silicic acid or colour pigments.

One specific embodiment of the combination of substances according to the invention

comprises the following components:

11
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Component (1) with a ratio in the range from 55 to 99.5 wt% or 10 to 99.5 w.-% (the latter
range applies if this is a wax and the combination of substances does not have to be
extruded),

Component (2) with a ratio in the range from 100 to 300,000 ppm or 100 to 400,000 ppm
(the later range applies if component 1 is a wax and the combination of substances does not
have to be extruded), preferably 1000 to 200,000 ppm, more preferably 50,000 to 200,000
ppm and even more preferably 50,000 to 150,000 ppm,

Component (3) with a ratio in the range from 2000 ppm to 300,000 ppm, or 2000 ppm to
800,000 ppm if component 1 is a wax and the combination of substances does not have to
be extruded, preferably 10,000 to 300,000 ppm, more preferably 20,000 to 200,000 ppm
and even more preferably 100,000 to 200,000 ppm,

and where applicable further additives or excipients with a ratio in the range from 10 to
100,000 ppm, preferably 1000 ppm to 100,000 ppm, more preferably 20,000 to 100,000
ppm,

in each case relative to the total quantity of the combination of substances.

This embodiment of the combination of substances contains the potential active ingredient
components in relatively high ratios and can either be mixed as such, possibly after it is
brought into a desired form directly as a VCl corrosion protection product, or as a
“masterbatch”, i.e. as a concentrated starting product, with one or more further polymer(s)

and used to produce end products with a higher ratio of polymer matrix.

One specific embodiment of the combination of substances according to the invention,
typically for the above-mentioned end products, comprises the following components:
Component (1) with a ratio in the range from 95 to 99.95 wt%,

Component (2) with a ratio in the range from 10 to 30,000 ppm, preferably 600 to 15,000
ppm, more preferably 1000 ppm to 8000 ppm,

Component (3) with a ratio in the range from 10 ppm to 30,000 ppm, preferably 1000 to
25,000 ppm, more preferably 2000 to 8000 ppm,

and where applicable further additives or excipients with a ratio in the range from 10 to

25,000 ppm, in each case relative to the total quantity of the combination of substances.
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Here, component (1) also comprises those polymers which were added to the original

composition of the masterbatch.

Such polymers for mixing with a masterbatch are preferably selected from the group which
comprises polyolefins, e.g. polyethylene or polypropylene or the copolymers thereof,
polystyrenes and the copolymers thereof, polyamides and the copolymers thereof,
polyurethanes and the copolymers thereof, polyesters and the copolymers thereof, polyvinyl

chlorides and polylactides and polyhydroxybutyric acid.

The combinations of substances according to the invention can be present in various forms,
for example, in the form of a powder mixture, a pellet, an extruded strand, a granulate, a
film, typically with a thickness in the range from 10 to 400 um, or another shaped article or
as a component in a composite material, in particular as a composite film or laminate on a

carrier material.

A further aspect of the present invention encompasses methods for producing and possibly

forming the combinations of substances according to the invention.

A typical method for producing a combination of substances according to the invention
comprises at least the following steps:

- producing a mixture which comprises a) an extrudable polymer or an extrudable polymer
mixture, b) the carboxylic acid anhydride of component (2) or the corresponding first
carboxylic acid(s), ¢) the salt of component (3), and d) optionally further additives or
excipients,

- extruding the obtained mixture at a temperature in the range of typically 90-250°C to yield

a masterbatch.

A further typical embodiment of this method further comprising at least the step of further
processing of the masterbatch, possibly after mixing with a further meltable or extrudable
polymer or a further meltable or extrudable polymer mixture, to yield an end product in a

desired form, e.g. a wound strand, a granulate, a film or an injection-moulded part.

13
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In the case of this further processing step, the masterbatch or a mixture of the masterbatch
with a further extrudable polymer can undergo, for example, blown film extrusion, as a
result of which a film with a desired diameter is produced, or is further processed by means
of other methods, such as profile extrusion, injection moulding processes, deep drawing
processes, blow moulding processes, lamination, at temperatures of 50 to 250°C and

brought into a desired form.

In one specific embodiment of the method for producing a combination of substances
according to the invention, the carboxylic acid anhydride of component (2) is formed in situ
by a cyclisation reaction of at least one first dicarboxylic acid of component (2) during
extrusion or blowing extrusion of the mixture to be extruded at a temperature between 50°C
and 300°C, in particular in the range from 80°C to 250°C. Dicarboxylic acids which are
suitable for this embodiment are e.g. 1,8-naphthaldicarboxylic acid, 2,3-naphthaldicarboxylic

acid.

Another specific embodiment includes the coextrusion of an extrudable polymer e.g. by
means of blown film extrusion in particular to obtain multi-layer films. Different
masterbatches can be used alternately here for the layers, wherein these have in each case a
fundamental composition in the context of the above description. The ratios between the
anhydride (component 2) and the carboxylic acid salt (component 3) are nevertheless
different and indeed preferably so that, in the case of one masterbatch, the anhydride is
present in a stoichiometric excess, while, in the case of the second masterbatch, the
carboxylic acid salt is present in a stoichiometric excess (since a anhydride molecule can
release two carboxylic acid molecules, the stoichiometry is 1:2 in relation to the quantity of
substances). If such an approach is taken, only some of the component added in each case in
excess can initially be reacted off in both layers even in the presence of water in accordance
with described reaction equations 1 and 2 (and indeed as a function of the quantity of non-
stoichiometrically added component). Remaining anhydride or the (di-)carboxylic acid
generated by hydrolysis from one layer must now first migrate through the polymer into the
second layer. This diffusion is additionally temperature-dependent and, as a function of the
layer thicknesses, the finally active, highly volatile carboxylic acid is released more slowly

and over an even longer period of time even in the case of climatically challenging
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conditions, while at room temperature or slightly elevated temperature below 40°C barely
any migration takes place and thus also the volatile carboxylic acid is barely formed. It is
therefore also not advisable to completely separate both components from one another in
different layers since such films, in moderate climatic conditions such as e.g. 25°C, can
almost only discharge the VCI which was formed during or shortly after the extrusion
process as a result of the presence of traces of water or brief contact with air humidity at the

layer interfaces.

The concentration of components added over all the layers of the films ultimately again lies

within the range indicated above when using only one masterbatch.

In another specific embodiment, in the case of which the matrix of the component (1)
comprises or represents a polyolefin wax, in particular a polyethylene wax or an oxidised
polyethylene wax, a typical method for producing a mixture of substances according to the
invention comprises at least the following steps:

- producing the mixture of all the components,

- mechanical compression to yield a pellet, optionally with brief heating of up to 100°C.

A further aspect of the present invention relates to a method for stimulus-dependent
release of vapour phase corrosion inhibitors, comprising:

the provision of a combination of substances according to the invention which contains at
least:

(1) a polymer matrix or a polyolefin wax or oxidised polyolefin wax,

(2) at least one symmetrical or asymmetrical carboxylic acid anhydride of at least one first
carboxylic acid which is not a highly volatile carboxylic acid,

(3) a salt of at least one second, highly volatile corrosion-inhibiting carboxylic acid with a
vapour pressure of at least 1.3 x 10 Pa, preferably at least 1 x 10 or 1 x 107 Pa at 25°C,
wherein the carboxylic acid anhydride of component (2) is a non-volatile anhydride or an
anhydride with relatively low volatility with a vapour pressure of less than 1 x 102 Pa,
preferably less than 1 x 1073 Pa or less than 1 x 10 Pa at 25°C, and

- hydrolysis of the carboxylic acid anhydride of component (2) in the presence of the

stimulus H,0, as a result of which at least one first carboxylic acid is released and the at least
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one second carboxylic acid of component (3) is released from its salt by proton transfer from
at least one first carboxylic acid,
so that at least one corrosion-inhibiting highly volatile carboxylic acid of component (3) is

present as a corrosion inhibitor in the vapour phase.

The rate of hydrolysis depends both on the concentration of the stimulus H>0O, i.e. the
absolute air humidity (typically at least 2 g/m3, preferably at least 5 g/m® and more
preferably at least 10 g/m?3) and on the temperature (typically in the range from -20°C to +

80°C, more frequently in the range from 0°C to 60°C).

The combinations of substances according to the invention are used above all to protect the
wide range of commonplace industrially used metals, such as iron, zinc, chromium, nickel,
aluminium, copper, lead, tin, magnesium, silver, and alloys and combinations thereof,
including galvanised, tin-plated, chromium-plated, nickel-plated, silver-plated, copper-plated
steels or other of the above-mentioned metals, in packages and during storage in closed

spaces from atmospheric corrosion.

A further aspect of the invention correspondingly relates to the use of a combination of
substances according to the invention for corrosion protection of commonplace industrially
used metals such as iron, zinc, chromium, nickel, aluminium, copper, lead, tin, magnesium,
silver, and alloys or combinations thereof, in particular within packing, storage and transport

processes.

The combinations of substances according to the invention are particularly preferably used

for the protection of iron, zinc, aluminium and copper and alloys and combinations thereof.

The term combinations, as used here, should include in particular mechanical combinations
of metals, for example, screwed-together, soldered, or welded metal parts, as well as
cladded or covered base metals, for example, galvanised, tin-plated, chromium-plated,

nickel-plated, silver-plated, copper-plated steels or other of the above-mentioned metals.
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The subject matter of the application is explained in greater detail by the following

examples.

EXAMPLES

The process as follows was performed to produce VCl emitters as a granulate or as a film:

A masterbatch was extruded from the mixtures according to the invention in a twin-screw
extruder at temperatures of 110°C — 180°C and subsequently granulated. The melt pressure
was between 50 and 100 bar. The strand was cooled in the water bath and subsequently

granulated via a circular knife.

In order to test concentrated emitters, 1 g granulate was sealed in a Tyvek bag. In order to
produce films, 2.5% of the respective masterbatch granulate was mixed with a widely
available LDPE (DOW LDPE 310€E) in a blown film extruder and at temperatures between 170

and 210°C to form a bubble-cap column. The film thickness was set to 100 + 5 um.

Example 1:

A masterbatch was extruded from a mixture of:

15 wt% 1,8-naphthalic acid anhydride
10 wt% Sodium caprylate
1.5 wt% Stabiliser (Irgafos 168)

0.75 wt% Stabiliser (Irganox 1010)
72.75 wt% LDPE

and sealed in a Tyvek bag and exposed to a dynamic cyclic overseas climate in accordance
with DIN EN 60068-2-30. Even after a week of ageing in these harsh conditions, the
granulate still exhibited excellent corrosion protection in the subsequent test in accordance

with TL 8135-0002.
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A film was furthermore produced from the masterbatch in the stated conditions. A reference
batch was furthermore produced and from it a reference film which had the following

composition in the masterbatch with otherwise fully analogous conditions:

10% caprylic acid

10% Sipernat S22S

1.5% stabiliser Irgafos 168
0.75% stabiliser Irganox 1010
77.75% LDPE

The film with the mixture of 1,8-naphtalic acid anhydride and sodium caprylate was tested in
terms of its corrosion protection in the fresh state and after open storage in room
atmosphere for 3 and 14 days by means of a test in accordance with TL 8135-0002 and
compared with a reference film which additionally contains 10% caprylic acid alongside
LDPE, the stabilisers. Result: Both films exhibit outstanding corrosion protection in the fresh
state (no points of corrosion visible), which was still present to a sufficient extent for the
anhydride-containing film both after 3 days and 14 days of storage (only slight visible points
of corrosion). In contrast to this, the film which is solely based on caprylic acid delivers only
very poor and in no way sufficient corrosion protection after only 3 days, and this corrosion
protection disappears entirely after 14 days of storage (in this case, the test body is corroded
to a very significant degree and over the entire surface in accordance with a VCl-free

reference).

This test was likewise performed with films which were previously exposed to very harsh
ageing as a result of open storage in an air-conditioned cabinet at 55 °C and 34% relative air
humidity with constant fresh air supply/recirculation. Here, it was already shown in the case
of the caprylic acid-based film that it no longer had an adequate corrosion protection action
after only 1h in this climate and completely failed after 4h and 8h hanging out (significant
superficial corrosion of the test body) while the sample which contained anhydride still
offered entirely sufficient protection after up to 8h. A still significant corrosion protection
action could be proven by the TL test even after 72h in this climate although the first local
flecks of rust could be observed here and signalled a reducing, but still present protection in

these harsh ageing conditions. Samples of this film were furthermore aged for 72h at 55 °C
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and an absolute air humidity of 10 and 73 g/m? (corresponds at this temperature to a
relative AH of 10% and 70%) and subsequently studied by means of the test in accordance
with TL 8135-0020. It has been shown that the film which was aged in the moistest climate
no longer exhibited any corrosion protection, while the film which was stored in the driest
climate exhibited adequate corrosion protection (with only very small, local points of
corrosion). This shows that the volatile active ingredient was emitted significantly more
guickly in the moist, corrosive climate. These experiments clearly show that these films
based on the naphthalic acid anhydride/caprylate system enable the active, normally highly

volatile corrosion inhibitor to be emitted in a very slow and controlled manner.

In order to test contact protection, plates composed of structural steel were shrink-wrapped
tightly in film and 10 ml H>O was furthermore added and thereafter sealed tight at the upper
end so that the test body was partially in close contact with the film and partially surrounded
by water in the lower region or in air in the upper region. The test body was now subjected
to a cyclic climate test in accordance with DIN EN 60068-2-30 and compared with a VCl-free
reference. In an immersion test in water within a correspondingly selected film, the first
corrosive points appeared after only 30 min. in these extremely corrosive conditions on the
steel plate within a VCl-free reference. These were very greatly intensified after only 1 cycle
(superficial formation of red-brown rust on the steel plate). Test bodies which were packed
with the described film which contained anhydride showed no sign of corrosion even after

29 cycles.

In order to test the corrosion protection of zinc, metal test bodies composed of galvanised
steel were either packed in direct contact with a film or fixed in the centre of a spacer frame
as a carrier. This frame was then packed complete with the film which contained VCI. The
samples were subjected to a cyclic climate test described in DIN EN 60028-2-30. It was
demonstrated in this case that the VCl-free reference already had clear white rust flecks
after 5 cycles, while the film which contained anhydride showed no or only very insignificant
traces of white rust even after 29 cycles in this harsh climate. This proves the very good

protection of one of the films according to the invention also for zinc.
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The described corrosion protection test in the spacer frame was likewise performed with a
test body composed of aluminium. In this case too, no discolouration or other changes to
the surface were visible after 29 cycles. A VCl-free reference and a reference which contains
caprylic acid exhibited, in contrast to this, clearly visible white points distributed over the
surface which is presumably due to a chemical or morphological modification of the oxidised

aluminium layer always present on the surface.

Example 2:

Masterbatches of the composition stated under Example 3 were extruded, instead of in
polyethylene, in each case in alternative polymers which are suitable for the extrusion of a
masterbatch: ethylene butyl acrylate copolymer, ethylene-octene copolymer, styrene-

butadiene copolymer, polypropylene, ethylene-propylene block copolymer.

Masterbatches of this type were added to a PE (polyethylene) in a quantity of 2.5%. All of
the films obtained in this manner exhibited good to excellent corrosion protection via the
atmospheric path as could be demonstrated by means of the TL test with fresh films as well

as films stored in the open for 3 days and 14 days.

Example 3:

A masterbatch with the composition
15% naphthalic acid anhydride

1.5% AT168

0.75% AT1010

82.75% LDPE

was blown with a quantity of 5% in PE to form a film. In an immersion test in water within a
correspondingly selected film, it was shown in the case of storage in a moist varying climate
that even the mere presence of the naphthalic acid anhydride was able to protect the plate

in the aqueous phase and no corrosion was observed.

This shows that anhydride dissolved in water which is able in this case to hydrolyse to form

its dicarboxylic acid can act as a contact inhibitor. On the contrary, in the upper part of a VCI-
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free PE bag, the steel sheet was already noticeably corroded since neither the anhydride
dissolved in the water nor the corresponding dicarboxylic acid clearly have a sufficiently high

vapour pressure in order to provide protection here via the atmospheric path.

Example 4:

15% naphthalic acid anhydride

10% potassium sorbate or 10% sodium pelargonate or 10% sodium decanoate
1.5% AT168

0.75% AT1010

Masterbatches of the above composition were added to a PE in a quantity of 2.5%. A film
which contains a total of 0.25% sodium pelargonate still had good to excellent corrosion
protection of steel in the test in accordance with TL 8135-0002 both in a fresh state and after

ageing by open storage in the uncovered state after 3 days and 14 days.

Example 5:

15% naphthalic acid anhydride
30% sodium caprylate

55% PE wax (Ceretan ME 1430, non-polar) or oxidised PE wax (CWQO-308)

were mixed thoroughly with one another. 500 mg of the powder mixture was formed under
a load of 10 t to yield a pellet with a 10 mm diameter. The pellets were sealed in Tyvek bags
and conditioned or aged both for 1 day in room conditions (conditions as in Example 1) and
3 days in a cyclic overseas climate (DIN EN 60028-2-30). These samples were subsequently
checked in accordance with TL 8135-0002 in terms of corrosion protection. It has been
shown that all of the samples exhibited excellent corrosion protection irrespective of the
ageing, while an active ingredient-free wax pellet exhibited no corrosion protection even in

the unaged state.

Example 6:
21



From blends with the compositions:
a) 1% 1,8-naphthalic acid anhydride
15% sodium caprylate
3% sodium benzoate
0.75% AT168
0.375% AT1010
79.875% PE
as well as
b) 9% 1,8-naphthalic acid anhydride
2% sodium caprylate
0.75% AT168
0.375% AT1010

87.875% PE

DK/EP 3739083 T3

masterbatches were extruded. For producing a multi-layered film, a 3-layered PE film was

extruded in a 3-layer coextruder. Said 3-layered PE film had an inner layer of 40 um and was

produced with addition of exclusively masterbatch b) with 5% concentration into this middle

layer. The two outer layers were in each case 20 um thick and in the case of these

masterbatch a) was exclusively added with a concentration of 5%.

Pieces of such a film were exposed to a climatic load of 55°C at 35% rel. air humidity for the

purpose of ageing. After specific times, in each case one piece was removed, the film was

extracted and the inhibitor content of the eluate was determined by means of GC-MS. This

procedure enables the determination of the remaining inhibitor content in the film after

ageing.
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It is apparent from the following table that the film loses inhibitor constantly and
comparatively slowly over at least 72 h even under harsh conditions after an expected, more

significant initial drop in the sodium caprylate concentration.

Tab. 1
Period ageing
at 55°C,
35%AH [h] Rel. inhibitor content
0 100
2 80.7
4 78.4
8 71.5
24 68
72 47.5

23



10

15

20

25

30

35

DK/EP 3739083 T3

24

Patentkrav

1. Stofkombination til stimulusafhaengig frigivelse af dampfase
korrosionsinhibitorer, som indeholder i det mindste:

(1) en matrix, isaer en polymermatrix eller en polyolefinvoks eller oxideret
polyolefinvoks,

(2) i det mindste et symmetrisk eller asymmetrisk carbonsyreanhydrid af i det
mindste en fgrste carbonsyre, som ikke er en letflygtig carbonsyre, (3) i det
mindste et salt, isaer et alkali- eller jordalkalisalt, af i det mindste en anden,
letflygtig korrosionsinhiberende carbonsyre med et damptryk pa i det mindste
1,3 x 10 Pa ved 25 °C, fortrinsvis i det mindste 1 x 10* eller 1 x 10-3 Pa, ved
25 °C,

hvor komponentens (2) carbonsyreanhydrid er et ikke-flygtigt eller tungtflygtigt
anhydrid med et damptryk fortrinsvis lavere end 1 x 103 Pa ved 25° C,

og hvor stofkombinationen er i stand til ved indvirkning af den ngdvendige
stimulus, dvs. naerveer af H20, at frigive den/de fgrste carbonsyre(r) ved
hydrolyse af anhydridet og frigive komponentens (3) i det mindste ene anden
carbonsyre ved protonoverfgrsel af i det mindste en fgrste carbonsyre fra dens
salt,

saledes at der foreligger i det mindste en korrosionsinhiberende letflygtig
carbonsyre i komponenten (3) som korrosionsinhibitor i dampfasen.

2. Stofkombination ifglge krav 1, hvor carbonsyreanhydridet udgar eller omfatter
et cyklisk anhydrid, som dannes af en dicarbonsyre, der kan danne en 5-, 6- eller
7-leddet ring.

3. Stofkombination ifglge et af kravene 1-2, hvor carbonsyreanhydridet er udvalgt
fra gruppen, som omfatter myristinsyreanhydrid, naphthalsyreanhydrid, isaar
1,8-naphthalsyreanhydrid, 2,3-naphthalsyreanhydrid og
1,4,5,8-naphthalintetracarbonsyreanhydrid, diphensyreanhydrid,
isatosyreanhydrid, pyromellitsyreanhydrid, mellitsyreanhydrid eller asymmetriske
blandede anhydrider af de naavnte carbonsyrer.

4. Stofkombination ifglge et af kravene 1-3, hvor komponentens (2) i det mindste
ene fgrste carbonsyre har et damptryk lavere end 1 x 10-3 Pa ved 25 °C,
fortrinsvis lavere end 1 x 104 Pa eller lavere end 1,3 x 10-° Pa.
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5. Stofkombination ifglge et af kravene 1-4, hvor komponentens (3) i det mindste
ene anden carbonsyre er udvalgt fra gruppen, som omfatter maettede og
umaettede usubstituerede alkansyrer med 6-14 carbonatomer, meettede og
umaettede alkansyrer med 3-6 carbonatomer, som baerer amino- og/eller
hydroxylsubstituenter, samt aromatiske eller heteroaromatiske carbonsyrer med
6-14 carbonatomer, iseer benzoesyre, alkylsubstituerede benzoesyre-derivater
sasom ortho-, meta- og para-toluensyre, amino- og/eller hydroxy-substituerede
benzoesyre-derivater, furan-2-carbonsyre eller furan-3-carbonsyre.

6. Stofkombination ifglge et af kravene 1-5, hvor komponentens (1) matrix er en
polymermatrix, der indeholder en eller flere polymerer, som er udvalgt fra
gruppen, der omfatter polyolefiniske polymerer, isser polyethylen, polypropylen,
ethylenvinylacetat (EVA), ethylen-butylacrylat-copolymer (EBA),
ethylen-octen-copolymer, ethylen-propylen-copolymer, styrenpolymerer, isser
polystyren, styren-butadien-copolymer, polyamider, polyurethaner, polyester,
polyvinylchlorid, og biologisk nedbrydelige polymerer, isaer polylactider og
polybutylenadipatterephtalat, polyhydroxysmgrsyre.

7. Stofkombination ifglge et af kravene 1-5, hvor komponentens (1) matrix er en
polyolefinvoks eller oxideret polyolefinvoks, fortrinsvis en polyethylenvoks med en
gennemsnitlig molmasse pd 3500-10.000 g/mol eller et oxideret derivat af en
sadan polyethylenvoks, isser med et syretal pa 0-20.

8. Stofkombination ifglge et af kravene 1-7, som ud over komponenterne (1) til
(3) yderligere indeholder yderligere tilsaetnings- eller hjeelpestoffer, iseer allerede
som korrosionsinhibitorer, fortrinsvis dampfase-korrosionsinhibitorer, indfgrte
substanser, isaer triazoler eller letflygtige korrosionsinhiberende carbonsyrer med
et damptryk pa i det mindste 1,3 x 10-5 Pa, fortrinsvis i det mindste 1 x 10-3 Pa,
ved 25 °C, enkeltvis eller som blanding af disse.

9. Stofkombination ifglge et af kravene 1-8, isaer til anvendelse som masterbatch,
hvis matrixen er en polymermatrix, eller til anvendelse som pulverblanding eller
presseemne, hvis matrixen er en voks, hvilken stofkombination indeholder
komponent (1) med en andel i omrddet fra 55 til 99,5 vaegt-%, henholdsvis med
en andel i omradet fra 10 til 99,5 vaegt-%, hvis der er tale om en voks, og
stofkombinationen ikke skal ekstruderes,

indeholder komponent (2) med en andel i omradet fra 100 til 300.000 ppm,
henholdsvis med en andel i omradet fra 100 til 400.000 ppm, hvis der ved
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komponent (1) er tale om en voks, og stofkombinationen ikke skal ekstruderes,
fortrinsvis 1000 til 200.000 ppm, mere foretrukket 50.000 til 200.000 ppm und
endnu mere foretrukket 50.000 til 150.000 ppm,

indeholder komponent (3) med en andel i omradet fra 2.000 ppm til

300.000 ppm, henholdsvis med en andel i omradet fra 2.000 ppm til 800.000,
hvis der ved komponent (1) er tale om en voks, og stofkombinationen ikke skal
ekstruderes, fortrinsvis 10.000 til 300.000 ppm, mere foretrukket 20.000 til
200.000 ppm og endnu mere foretrukket 100.000 til 200.000 ppm,

og i givet fald indeholder yderligere tilsaetnings- eller hjaelpestoffer med en andel i
omradet fra 10 til 100.000 ppm, fortrinsvis 1000 ppm til 100.000 ppm, mere
foretrukket 20.000 til 100.000 ppm,

hver gang relateret til stofkombinationens samlede maangde.

10. Stofkombination ifglge et af kravene 1-9, som

indeholder komponent (1) med en andel i omradet fra 95 til 99,95 vaegt-%,
indeholder komponent (2) med en andel i omradet 10 til 30.000 ppm, fortrinsvis
600 til 15.000 ppm, endnu mere foretrukket 1000 ppm til 8000 ppm,

indeholder komponent (3) med en andel i omradet 10 ppm til 30.000 ppm,
fortrinsvis 1.000 til 25.000 ppm, endnu mere foretrukket 2000 til 8000 ppm, og i
givet fald indeholder yderligere tilsaetnings- og hjeelpestoffer med en andel i
omradet fra 10 til 25.000 ppm,

hver gang relateret til stofkombinationens samlede maangde.

11. Stofkombination ifglge et af kravene 1-10, som foreligger i form af en
pulverblanding, et presseemne, en ekstruderet streng, et granulat, en folie, isaar
med en tykkelse i omradet fra 10 til 400 um, eller et andet formlegeme, eller som
komponent i et kompositmateriale, isser som lamineret folie eller laminat p3 et

beerermateriale.

12. Stofkombination ifglge krav 11, der foreligger som to- eller flerlags folie, hvor
lagene har forskellige andele af deres komponenter, isaer forskellige forhold fra
komponent (2) til komponent (3).

13. Fremgangsmade til fremstilling af en stofkombination ifslge et af kravene 1-
12, hvorved matrixen er en polymermatrix, omfattende i det mindste de folgende
trin:

- fremstilling af en blanding, der omfatter i det mindste a) en ekstruderingsegnet
polymer eller en ekstruderingsegnet polymerblanding, b) komponentens (2)
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carbonsyreanhydrid eller den/de tilsvarende fgrste carbonsyre(r), ¢)
komponentens (3) salt,

- ekstrudering af den opndede blanding ved en temperatur i omradet fra 90 til
250 °C til en masterbatch.

14. Fremgangsmade ifslge krav 13,

omfattende endvidere i det mindste det fglgende trin:

- videreforarbejdning af masterbatchen, i givet fald efter blanding med en
yderligere ekstruderingsegnet polymer eller en yderligere ekstruderingsegnet
polymerblanding, til et slutprodukt i en gnsket form, isaer en viklet streng, et
granulat, en sprgjtestgbt del eller en folie.

15. Fremgangsmade ifalge krav 14, hvorved masterbatchen eller en blanding af
masterbatchen med en yderligere ekstruderingsegnet polymer underkastes en
bleesefolieekstrudering, hvorved der fremstilles en folie med en gnsket diameter,
eller videreforarbejdes ved hjeselp af andre fremgangsmader, isser
profilekstrudering, sprajtestgbefremgangsmade, dybtraekningsfremgangsmade,
formblaesningsfremgangsmade, laminering, ved temperaturer fra 50 til 250 °C.

16. Fremgangsmade ifalge krav 14 eller 15, hvorved i det mindste to forskellige
masterbatches/polymerblandinger, iseer med forskellige forhold af komponenterne
(2) og (3), fremstilles og ekstruderes ved hjeelp af coekstrudering i forskellige,

over hinanden liggende lag, som tilsammen danner en folie.

17. Fremgangsmade ifglge et af kravene 13-16, hvorved carbonsyreanhydridet
dannes in situ ved en cycliseringsreaktion af i det mindste en fgrste dicarbonsyre i
komponenten (2) ved ekstruderingen eller blaeseekstruderingen af den blanding,
der skal ekstruderes, ved en temperatur i omradet fra 80 til 250 °C.

18. Fremgangsmade til fremstilling af en stofkombination ifglge et af kravene 1-
11, hvorved matrixen er en voks, omfattende i det mindste de fglgende trin:

- fremstilling af en blanding, der omfatter i det mindste a) en polyolefinvoks eller
oxideret polyolefinvoks, isaer en polyethylenvoks eller oxideret polyethylenvoks,
b) komponentens (2) carbonsyreanhydrid eller den/de tilsvarende fgrste
carbonsyre(r), og c) komponentens (3) salt,

- presning af blandingen til et presseemne, optionalt med korttids opvarmning til
maksimalt 100 °C.
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19. Fremgangsmade til stimulusafhangig frigivelse af dampfase
korrosionsinhibitorer, omfattende:

- tilvejebringelse af en stofkombination ifglge et af kravene 1-12, som indeholder i
det mindste:

(1) en polymermatrix eller en polyolefinvoks eller oxideret polyolefinvoks,

(2) i det mindste et symmetrisk eller asymmetrisk carbonsyreanhydrid af i det
mindste en fgrste carbonsyre, som ikke er en letflygtig carbonsyre,

(3) et salt af i det mindste en anden, letflygtig korrosionsinhiberende carbonsyre
med et damptryk pa i det mindste 1,3 x 105 Pa ved 25 °C, fortrinsvis i det
mindste 1 x 10* eller 1 x 10-3 Pa ved 25 °C,

hvor komponentens (2) carbonsyreanhydrid er et ikke-flygtigt eller tungtflygtigt
anhydrid med et damptryk pa fortrinsvis lavere end 1 x 103 Pa ved 25 ° C, og

- hydrolyse af komponentens (2) carbonsyreanhydrid i naervaer af stimulusen H20,
hvorved i det mindste en fgrste carbonsyre frigives, og komponentens (3) i det
mindste ene anden carbonsyre ved protonoverfgrsel af i det mindste en fgrste

carbonsyre frigives fra sit salt,

saledes at der foreligger i det mindste en korrosionsinhiberende letflygtig
carbonsyre i komponenten (3) som korrosionsinhibitor i dampfasen.

20. Anvendelse af en stofkombination ifglge et af kravene 1-12 til
korrosionsbeskyttelse af seedvanlige brugsmetaller inden for emballerings-,
lagrings- og transportprocesser, hvor brugsmetallerne isaer er udvalgt fra jern,
zink, chrom, nikkel, aluminium, kobber, bly, tin, magnesium, sglv og deres

legeringer eller kombinationer.
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