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Description

[0001] The invention pertains to an anti-corrosive multilayer coating system for metal surfaces, more particularly
pipes and storage tanks, comprising at least a primer coat (a) based on a non-conductive binder, followed by a second
or further top coatings (b).

[0002] A multilayer coating system for protecting underground pipes and tanks has been described in CA-1013625.
The system disclosed in this document comprises at least three layers, i.e., a prime coating layer comprising a non-
conductive binder as well as particles of metal more anodic than the metal of the structure, an intermediate coating
comprising a non-conductive film-forming material and a filler provided thereon, and a top coating based on a non-
conductive, abrasion and moisture resistant layer.

[0003] Although this multilayer coating system offers sound protection, under certain circumstances there may be
such a great difference in voltage between the tank's contents and the surrounding area as will cause breakdown. This
means that at the place where breakdown has occurred the metal surface will no longer be protected, with all its
corrosive consequences.

[0004] EP-A 0487 438 discloses an anti-corrosive multi-layer coating for a gas storage tank. The multi-layer coating
includes a first layer comprising zinc particles, and one or more polymeric finishes.

[0005] The invention now provides a multilayer coating system by which the aforementioned problems are obviated
wholly or for the most part.

[0006] The invention consists in that in a coating system of the known type mentioned in the opening paragraph the
primer coat (a) is an electroinsulating powder coating layer based on an epoxy resin, alkyd resin, polyester resin,
melamine-containing resin, polyurethane resin and/or polyacrylate resin, and the outer top coat (b) is an electrically
conductive smooth or non-smooth powder coating layer based on an epoxy resin, alkyd resin, polyester resin, mela-
mine-containing resin, polyurethane resin and/or polyacrylate resin incorporating 0,1 to 50 wt.% of an electrically con-
ductive or non-conductive resin or adjuvant capable of providing a conductive outer layer with, optionally, a structured
and/or wrinkle finish, calculated on the overall weight of this outer layer.

[0007] When the difference in voltage between the metal surface to be protected and the surrounding area becomes
so great as to create a risk of breakdown, the provision of an outer, electrically conductive top coat based on one or
more of the aforementioned powder coatings serves to confine the breakdown to the layers situated between the
substrate and the conductive top coat. The rougher the surface of the outer coating layer is, the greater its specific
surface will be. In this way the risk of breakdown is reduced considerably owing to a discharge taking place from the
electrically conductive top coat to the surroundings.

[0008] According to a preferred embodiment of the invention, the nonconductive primer powder coating is composed
of:

a) 5 to 65 parts by weight of an epoxy resin and/or polyester resin which may be modified or not,

b) 2 to 25 parts by weight of a curing agent based on dicyandiamide, a phenol, triglycidyl isocyanurate or a polyiso-
cyanate,

c¢) 1 to 80 parts by weight of a pigment, and

d) 0,2 to 3 parts by weight of a degassing medium.

[0009] The outer, electrically conductive powder coating layer is preferably composed of:

a) 5 to 65 parts by weight of an epoxy resin and/or polyester resin which may be modified or not,

b) 2 to 25 parts by weight of a curing agent based on dicyandiamide, a phenol, triglycidyl isocyanurate or a polyiso-
cyanate,

¢) 1 to 80 parts by weight of a conductive or non-conductive pigment,

d) 0,2 to 3 parts by weight of a degassing medium, and

e) 0,1 to 50 parts by weight of an electrically conductive or non-conductive adjuvant capable of giving a structured
and/or wrinkle finish.

[0010] To create thorough protection the first non-conductive powder coating layer is generally applied in a thickness
ranging from 60 um to 600 um. The thickness of the second, electrically conductive top coat after curing is generally
in the range of 100 um to 1000 pum.

[0011] The preparation of the powder coatings according to the invention is carried out in the conventional manner
known in the art. It comprises weighing the raw materials, followed by pre-mixing of the raw materials and an extrusion
process, optionally followed by a grinding process and storage.

[0012] Suitable epoxy resins include epoxy resins based on epichlorohydrin and 2,2-bis-(4-hydroxyphenol)-propane
with softening points of between 40 and 90°C and an epoxy equivalent weight of between 450-2000. The softening
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point is particularly between 50 and 70°C. Other suitable epoxy resins are for example epoxydised phenol-novolac
resins with an epoxy equivalent weight of between 160 and 250 and with a softening point of between 40 and 90°C.
The softening point is preferably between 50 and 70°C. Preferably, a diglycidyl ether of bisphenol-A (DGEBA) novolac
modified epoxy resin is used.

[0013] Suitable curing agents for epoxy resins are for instance dicyandiamide, imidazole derivatives and imidazoline
derivatives, acid anhydrides of trimellitic acid, pyromellitic acid, benzophenone tetracarboxylic acid, tetrahydrophthalic
acid, cyclopentane dicarboxylic acid, hexahydrophthalic acid, partially esterified adducts of said carboxylic acids, ar-
omatic amines, phenolic resins (cresol or novolac), and epoxy resin-phenol adducts, alone or in combination.

[0014] The curing agents can be applied in amounts between 2 and 25% by weight (calculated on the overall weight
of the powder coating layer).

[0015] The multilayer coating system according to the invention further contains fillers, adjuvants, and 1 to 80 parts
by weight of one or more pigments.

[0016] Suitable fillers are generally well-known in the art and include quartz powder, aluminium silicates, calcium
silicates, and magnesium silicates, calcium carbonate, barium sulphate, calcium sulphate, and aluminium oxide, mix-
tures of these, optionally with smaller amounts of, e.g., aluminium hydroxide, ammonium polyphosphate, and the like.
[0017] Suitable adjuvants include flow-promoting agents, accelerators, curing agents, release agents, viscosity re-
ducing agents and/or corrosion protective additives.

[0018] Flow-promoting agents are well-known in the art and include, by preference, liquid polyacrylates, such as
polybutyl acrylate and polyethyl acrylate. Other suitable flow-promoting agents include fluorinated polymers, such as
esters of polyethylene glycol and perfluoroctanoic acid, polymeric siloxanes, such as polydimethyl siloxane or polymeth-
ylphenyl siloxane.

[0019] Corrosion protective additives are well-known in the art and include zinc dust and/or silica-containing additives.
A suitable compound is "Shieldex" (ex Grace), which can be applied in amounts between for example 0,5 and 10% by
weight (calculated on the first powder coating layer).

[0020] Suitable pigments are, for instance, titanium dioxide, iron oxide (yellow, brown, red, black), carbon black, and
organic pigments.

[0021] The outer powder coating layer contains 0,1 to 50% by weight of structural adjuvants. As examples may be
mentioned cellulose acetobutyrate, thermoplastic polymers, such as polyethylene or polypropylene, rubber com-
pounds, such as butadiene-acrylonitrile, acrylate rubber, fillers, such as silica (Aerosil 380 ex Degussa), bentone, talc,
high specific gravity pigments. When conductive structural adjuvants are employed, use should be made of one or
more conductive fillers. Examples of suitable conductive fillers include specific carbon blacks, such as Printex XE2 (ex
Degussa), graphite, conductive resins such as aniline resins, and/or metallic powders (aluminium, zinc).

[0022] The multilayer coating systems according to the invention were found to be pre-eminently suitable for obtaining
top coats giving very long-term high corrosion resistance. It was found that protection against corrosion can be obtained
for metal substrates based on iron, copper, and alloys of these metals.

[0023] The first powder coating layer can be applied by means of flame spraying, (electrostatic) fluidised bed meth-
ods, (electrostatic) spraying, plasma spraying, and tribocharging methods.

[0024] Electrostatic powder or tribo spraying methods charge the particles with the aid of a powder gun and spray
them towards a grounded steel substrate. The powder is charged and the particles stick on the metal due to electrostatic
attraction forces. Electrostatic charge is not always necessary when the substrate is preheated. The object can then
be placed in an oven for curing of the powder coating. For some reactive powders, no oven is necessary.

[0025] The fluidised bed method is quite simple and best described as a "hot dip process." A preheated object is
dipped in a fluidised bed of powder. The powder sticks and melts on the metal surface. Optionally, after dipping the
object is placed in an oven for curing.

[0026] The powder coatings utilised for the second coating layer are preferably applied to the first coating layer by
electrostatic/tribo spraying and cured at a temperature of 160-200°C, depending on the formulations. During the curing
process, the powder coating melts and subsequently flows out to form a continuous coating film before substantial
curing of the components, albeit a film with a wrinkle finish because of the presence of the structural adjuvants.
[0027] Suitable catalysts must guarantee rapid curing of the components but must be substantially inactive in the
mixing of the polyester and the epoxy resins.

[0028] Prior to application of the second coating layer, the first layer can be a cured layer but also a non-cured or
partially cured layer. One option of the present two-layer coating system is the possibility of curing both layers in a
single step, in which case the first layer is applied as a base, over which the second electrically conductive powder
coating is applied, after which the total system is cured under the aforementioned conditions.

[0029] Preferably, the thickness of the first corrosion protective powder coating layer is between 60 and 600 um, and
the thickness of the second electrically conductive powder coating layer is between 100 and 1000 um.

[0030] The invention will be futher elucidated by means of the following examples, without, however, being limited
thereto.
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[0031] In order to determine the properties of the anticorrosive multilayer coating system according to the invention
use was made of a cathodic disbonding test in accordance with British gas specification PS/CW6.

Example
Preparation of the first coating layer (system A)

[0032] The first coating layer was prepared using the following ingredients:
(all parts are parts by weight)

epoxy resin 70,0 (663 UE, ex Dow)
substituted dicyandiamide | 3,5

acrylate flow agent 0,3 (Resiflow PV88, ex Worlee)
Shieldex AC5 2,7

Calcium carbonate 14,4

Carbon black 0,3 (Printex 300, ex Degussa)
Titanium dioxide 6,3

Phthalocyanine blue 0,1

Iron oxide yellow 2,4

[0033] The comparative second coating layer (system B) was prepared using the following ingredients:

epoxy resin 24,0 (663 UE, ex Dow)
carboxylic polyester | 36,0 (P2230, ex DSM)

acrylate flow agent | 0,3 (Resiflow PV 88, ex Worlee)
benzoin 1,0

titanium dioxide 3,0

carbon black 0,5 (Printex 300, ex Degussa)
acrylate rubber 12,8

BaSO, 12,9

CaCOg4 9,5

[0034] The coating composition for the second coating layer according to the invention (system C) was prepared in
the same manner as the coating composition for system B, the difference being that for system C use was made of
1,4 parts of a conductive carbon black (Printex XE2, ex Degussa) and of 8,6 parts of CaCOj; instead of 9,5 parts.
[0035] Both coating layers (system B and system C) were used as a top coat to protect the outside of a gas tank
coated with a first coating layer according to system A.

Application of the first coating layer (system A)

[0036] First, the tank's steel was subjected to sandblasting. Next, the tank was pre-heated to 240°C, whereupon the
powder coating of system A was applied by electrostatic spraying in a layer thickness of 100 um.

Application of the second coating layer (system B or system C)

[0037] The second layer according to system B or system C was applied in a layer thickness of 800 um. There was
10 minutes of curing at a temperature of 200°C.

The cathodic disbonding test

[0038] The three gas tanks were subjected to the cathodic disbonding test.
The diameter of the coating which has lost adhesion was measured, as well as the surface.
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diameter  surface

(mm) (cm?2)
System A 8 0,2
System (A+B) 7 0,1
System (A+C) 6 0

[0039] From the results mentioned in the above table it appears that only the coating containing system (A+C) dis-
plays a satisfactory cathodic disbonding test. The initial hole of 6 mm remained intact when use was made of the
system (A+C).

Claims

An anticorrosive multilayer coating system for metal surfaces, more particularly pipes and storage tanks, compris-
ing at least a primer coat (a) based on a non-conductive binder, followed by a second or further top coats (b),
characterised in that the primer coat (a) is an electroinsulating powder coating layer based on an epoxy resin,
alkyd resin, polyester resin, melamine-containing resin, polyurethane resin and/or polyacrylate resin, and, option-
ally, a filler, pigment and/or adjuvant, and the outer top coat (b) is an electrically conductive powder coating layer
based on an epoxy resin, alkyd resin, polyester resin, melamine-containing resin, polyurethane resin and/or poly-
acrylate resin incorporating 0,1 to 50% by weight of an electrically conductive resin, filler, pigment and/or adjuvant
capable of providing a conductive outer layer with, optionally, a structured and/or wrinkle finish, calculated on the
overall weight of this outer layer.

2. Anticorrosive coating system according to claim 1, characterised in that the insulating powder coating layer is
composed of:
a) 5 to 65 parts by weight of an epoxy resin and/or polyester resin which may be modified or not,
b) 2 to 25 parts by weight of a curing agent based on dicyandiamide, a phenol, triglycidyl isocyanurate or a
polyisocyanate,
c) 1 to 80 parts by weight of a pigment, and
d) 0,2 to 3 parts by weight of a degassing medium.
3. Anticorrosive coating system according to claim 1, characterised in that the outer, electrically conductive powder
coating layer is composed of:
a) 5 to 65 parts by weight of an epoxy resin and/or polyester resin which may be modified or not,
b) 2 to 25 parts by weight of a curing agent based on dicyandiamide, a phenol, triglycidyl isocyanurate or a
polyisocyanate,
c) 1 to 80 parts by weight of a conductive or non-conductive pigment,
d) 0,2 to 3 parts by weight of a degassing medium, and
e) 0,1 to 50 parts by weight of an electrically conductive or non-conductive adjuvant capable of giving a struc-
tured and/or wrinkle finish.
4. Anticorrosive coating system according to claim 1, characterised in that the first powder coating layer has a
thickness in the range of 60 um to 600 um.
5. Anticorrosive coating system according to claim 1, characterised in that the second powder coating layer has a
thickness in the range of 100 um to 1000 um.
Patentanspriiche
1. Antikorrosives mehrschichtiges Beschichtungssystem fiir Metalloberflachen, insbesondere Rohre und Lagertanks,

umfassend wenigstens eine Grundierungsbeschichtung (a) auf der Basis eines nichtleitenden Bindemittels und
anschlielend eine zweite oder weitere Deckbeschichtungen (b), dadurch gekennzeichnet, dass die Grundie-
rungsbeschichtung (a) eine elektrisch isolierende Pulverbeschichtungsschicht ist, die auf einem Epoxyharz, Al-
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kydharz, Polyesterharz, melaminhattigen Harz, Polyurethanharz und/oder Polyacrylatharz und gegebenenfalls ei-
nem Fillstoff, Pigment und/oder Hilfsmittel beruht, und die auRere Deckbeschichtung (b) eine elektrisch leitende
Pulverbeschichtungsschicht ist, die auf einem Epoxyharz, Alkydharz, Polyesterharz, melaminhaltigen Harz, Poly-
urethanharz und/oder Polyacrylatharz beruht und 0,1 bis 50 Gew.-% eines elektrisch leitenden Harzes, Fiillstoffs,
Pigments und/oder Hilfsstoff enthalt, der in der Lage ist, eine leitfahige dulRere Schicht zu erzeugen, die gegebe-
nenfalls eine strukturierte und/oder gekrauselte Oberflachenbeschaffenheit hat, berechnet auf der Basis des Ge-
samtgewichts dieser aufleren Schicht.

Antikorrosives Beschichtungssystem gemaR Anspruch 1, dadurch gekennzeichnet, dass die isolierende Pulver-
beschichtungsschicht aus folgendem besteht:

a) 5 bis 65 Gewichtsteilen eines Epoxyharzes und/oder Polyesterharzes, das modifiziert sein kann oder auch
nicht;

b) 2 bis 25 Gewichtsteilen eines Hartungsmittels auf der Basis von Dicyandiamid, einem Phenol, Triglycidyliso-
cyanurat oder einem Polyisocyanat;

c) 1 bis 80 Gewichtsteilen eines Pigments; und

d) 0,2 bis 3 Gewichtsteilen eines Entgasungsmediums.

3. Antikorrosives Beschichtungssystem gemaR Anspruch 1, dadurch gekennzeichnet, dass die dul3ere, elektrisch

leitende Pulverbeschichtungsschicht aus folgendem besteht:

a) 5 bis 65 Gewichtsteilen eines Epoxyharzes und/oder Polyesterharzes, das modifiziert sein kann oder auch
nicht;

b) 2 bis 25 Gewichtsteilen eines Hartungsmittels auf der Basis von Dicyandiamid, einem Phenol, Triglycidyliso-
cyanurat oder einem Polyisocyanat;

c) 1 bis 80 Gewichtsteilen eines leitenden oder nichtleitenden Pigments;
d) 0,2 bis 3 Gewichtsteilen eines Entgasungsmediums; und

e) 0,1 bis 50 Gewichtsteilen eines elektrisch leitenden oder nichtleitenden Hilfsstoffs, der eine strukturierte
und/oder gekrauselte Oberflachenbeschaffenheit ergeben kann.

Antikorrosives Beschichtungssystem gemafR Anspruch 1, dadurch gekennzeichnet, dass die erste Pulverbe-
schichtungsschicht eine Dicke im Bereich von 60 um bis 600 um hat.

Antikorrosives Beschichtungssystem gemafR Anspruch 1, dadurch gekennzeichnet, dass die zweite Pulverbe-
schichtungsschicht eine Dicke im Bereich von 100 um bis 1000 um hat.

Revendications

Systéme de revétement multicouches anticorrosion pour surfaces métalliques, plus particulierement des tuyaux
et des réservoirs de stockage, comprenant au moins un revétement d'apprét (a) a base d'un liant non conducteur,
suivi par un second ou plusieurs revétements de surface (b), caractérisé en ce que le revétement d'apprét (a)
est une couche de revétement isolant électriquement sous forme de poudre a base d'une résine époxy, d'une
résine alkyde, d'une résine de polyester, de résine contenant de la mélamine, d'une résine de polyuréthane et/ou
d'une résine de polyacrylate et, facultativement, d'une charge, d'un pigment et/ou d'un adjuvant, et le revétement
de surface extérieur (b) est une couche de revétement électriquement conducteur sous forme de poudre a base
d'une résine époxy, d'une résine alkyde, d'une résine de polyester, d'une résine contenant de la mélamine, d'une
résine de polyuréthane et/ou d'une résine de polyacrylate incorporant de 0,1 a 50 % en poids d'une résine élec-
triquement conductrice, d'une charge, d'un pigment et/ou d'un adjuvant capable de fournir une couche extérieure
conductrice avec, facultativement, une finition structurée et/ou froissée, calculée sur le poids total de cette couche
extérieure.



10

15

20

25

30

35

40

45

50

55

EP 0 803 297 B1

Systéme de revétement anticorrosion selon la revendication 1, caractérisé en ce que la couche isolante de re-
vétement sous forme de poudre se compose de :

a) 5 a 65 parties en poids d'une résine époxy et/ou d'une résine polyester qui peut étre modifiée ou non,

b) 2 a 25 parties en poids d'un agent durcissant a base de dicyandiamide, d'un phénol, d'un isocyanurate de
triglycidyle ou d'un polyisocyanate,

c) 1 a 80 parties en poids d'un pigment, et

d) 0,2 a 3 parties en poids d'un milieu de dégazage.

Systéme de revétement anticorrosion selon la revendication 1, caractérisé en ce que la couche extérieure de
revétement sous forme de poudre électriquement conducteur se compose de :

a) 5 a 65 parties en poids d'une résine époxy et/ou d'une résine de polyester qui peut étre modifiée ou non,
b) 2 & 25 parties en poids d'un agent durcissant a base de dicyandiamide, d'un phénol, d'un isocyanurate de
triglycidyle ou d'un polyisocyanate,

c) 1 a 80 parties en poids d'un pigment conducteur ou non conducteur,

d) 0,2 a 3 parties en poids d'un milieu de dégazage, et

e) 0,1 a 50 parties en poids d'un adjuvant électriquement conducteur ou non conducteur capable de conférer
une finition structurée et/ou froissée.

Systéme de revétement anticorrosion selon la revendication 1, caractérisé en ce que la premiere couche de
revétement sous forme de poudre a une épaisseur comprise dans la plage allant de 60 um a 600 um.

Systeme de revétement anticorrosion selon la revendication 1, caractérisé en ce que la seconde couche de
revétement sous forme de poudre a une épaisseur comprise dans la plage allant de 100 um a 1000 pm.
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