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METHOD FOR COATING A STEEL SUBSTRATE, AJND CJOAlEU SlEEJL

SUBSTRATE

The invention relates to a method for coating a steel substrate, wherein pickled

hot rolled steel strip, cold rolled steel strip or zinc-coated steel strip - hereafter referred

to as steel strip material, has been provided with a lubricant for corrosion protection

before shipping and wherein the lubricated strip material is worked and/or formed to

manufacture the steel substrate, and before and/or after the working and/or forming the

steel substrate is coated with a paint system. The invention also relates to a coated steel

substrate.

It is known in the art to produce pickled hot rolled steel strip, cold rolled steel

strip or zinc-coated steel strip material and to coat the produced steel strip material with

a lubricant directly after rolling. The lubricant, often oil, is applied to protect the steel

against corrosion during shipping and storing the steel material, before a client of the

steel producer uses the steel strip material. Instead of oil a dry film lubricant can be

used, which provides at least the same corrosion resistance. In the industry a dry film

lubricant can also be described as a hot melt product or film lubricant. These products

are often used to improve the press performance during the forming of the steel into a

steel substrate or product.

Lubricants in general have to be removed by degreasing and the substrate has to

be pre-treated, before a paint system can be applied to or on the substrate. When a

lubricant has not been removed or the substrate has not been pre-treated, this results in a

poor quality of the painted product, meaning that the paint adheres badly to the

substrate. Such products are commercially unacceptable.

It is an object of the invention to provide a method for coating a steel substrate

that is easier than the known method.

It is another object of the invention to provide a method for coating a steel

substrate that has more value in use than the known method.

It is a further object of the invention to provide a method for coating a steel

substrate that is more cost-effective for the paint system appliers than the known

method.



According to the invention, one or more of these objects are reached by

implementing a method for coating a steel substrate, wherein steel strip material has

been provided with a lubricant for corrosion protection before shipping and/or storing,

and wherein the lubricated strip material is worked and/or formed to manufacture the

steel substrate, and before and/or after the working and/or forming the steel substrate is

coated with a paint system, wherein the steel substrate is coated while the lubricant

remains on the steel.

Surprisingly, the inventors have found that it is possible to paint steel substrates

without removing the lubricant, which is always applied as corrosion protection, when

certain lubricants are used. The adhesion of the paint on the substrate is at least as good

as when the lubricant has been removed. The standard procedure to remove the

lubricant or to pre-treat the steel substrate by using hazardous degrease or pre-treatment

chemicals can thus be omitted, which on the one hand makes the method both cheaper

and faster, because the method is easier, and on the other hand improves the

environmental position of the overall painting procedure.

Preferably, the lubricant that is used is a dry film lubricant. It has been found

that dry film lubricants can provide the adhesion that is necessary for the paint systems

used.

The dry film lubricant preferably contains ester-based polymers and/or ester-

based organic molecules and/or saturated hydrocarbons and/or unsaturated

hydrocarbons and/or viscosity modifiers and/or corrosion prevention additives. The dry

film lubricants containing one or more of the above constituents have shown it is

possible to use paint systems without removing the dry film lubricant.

According to a preferred embodiment, the dry film lubricant contains a mixture

of aliphatic hydrocarbons and saturated esters. This mixture has shown to give an

adhesion of the paint on the substrate while the dry film lubricants remains on the

substrate, that is as good as when the lubricant has been removed.

Preferably, the steel substrate is used for purposes outside the automotive sector.

Such purposes encompass all types of industrial products including furniture for office

and household use, such as filing cabinets, shelving for outlets and drum manufacture.

According to a preferred embodiment the lubricant or dry film lubricant has

been applied to the steel strip material at a coating weight of 0.3 - 3.0 g/m2. With a



coating weight lower than 0.3 g/m2 the corrosion protection is too low; with a coating

weight above 3.0 g/m2 the adhesion of the paint to the substrate is believed to diminish.

Preferably, the coating weight is between 0.5 g/m2 and 2.0 g/m2.

Preferably the lubricant or dry film lubricant has been applied at speeds between

20 and 600 m/min. Speeds lower than 20 m/min are not economical; speeds higher than

600 m/min are technically difficult to realise. A preferred range is a speed between 100

and 300 m/min, which is economically viable.

According to a preferred embodiment the lubricant or dry film lubricant has

been applied using an electrostatic oiler or using hot melt application technology or

through the use of a high speed coating technique such as a chemcoater or spray disk

process. Such ways of application are especially suitable for dry film lubricants and are

technically suitable for the coating weights and speeds contemplated herein.

The paint system that is used in the method described above preferably is in

liquid form or in powder form, which paint system preferably is a derivate of phenolics,

acrylics, esters, urethanes or epoxies, and mixtures thereof. Such paint (or lacquer)

systems are in wide use for the coating of steel substrates, and these paint systems are

perfectly suitable for coating steel substrates on the surface of which the lubricant

remains present. An example of a mixture is a combination of a polyester and an epoxy

phenolic.

According to a preferred embodiment the liquid paint is applied through roller

coating, curtain coating, spray disk coating and derivates thereof. Such application

techniques are known in the art, and have proven to be suitable to apply the liquid paint

systems mentioned above on a steel substrate on which the lubricant remains present.

According to another preferred embodiment the powder paint is a thermosetting

paint or a thermoplastic paint, and is preferably applied through use of an electrostatic

gun. Such powder paint systems are known in the art, and their application methods as

well.

Preferably the lubricated steel substrate that has been coated with a paint system

is cured, preferably within the temperature range of 140 - 250° C for up to 1 - 15

minutes. It has been found that such curing temperatures and periods are suitable for

paint systems as mentioned above that are applied on a steel substrate with the lubricant

remaining on it.
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The curing of the paint is preferably performed using a gas fired oven, an infra¬

red oven, a near infra-red oven, an electron beam unit or an induction oven. Such

equipment is known in the art and all are suitable for a paint on a steel substrate with

lubricant.

Usually, the paint before curing has a thickness between 30 and 120 microns,

preferably between 50 and 90 microns. These are thicknesses for which the paint can

accommodate the lubricant or dry film lubricant.

According to a further embodiment of the invention, there is provided a steel

substrate produced in accordance with the method described above, wherein the

substrate has been provided with a coating comprising a lubricant and a paint.

Such a steel product coated with lubricant and paint is not on the market,

because for commercial products the lubricant always has been removed.

Preferably, the substrate has been worked/formed for purposes outside the

automotive sector. Such purposes are for instance office furniture and shelving.

The invention will now be elucidated with reference to a number of trials

performed using the method described above and the resulting coated steel substrates.

In the trials, substrates have been provided with a dry film lubricant and these

substrates have been coated with paint systems. The painted substrates have been tested

to assess the adhesion performance.

The substrate used was a cold reduced, annealed and temper rolled steel strip

having a gauge between 0.62 and 0.78 mm and a width between 902 and 1240 mm. The

steel used for these trials was DCOl material. It will be understood by the person skilled

in the art that other gauges and width can be used as well; it is known to supply strip in

thicknesses in the range of 0.3 mm to 2.2 mm and width in the range of 500 to 2000

mm. The dry film lubricant has been heated to a maximum temperature of

approximately 85 0C before it has been applied, so it will have had a temperature of

approximately 70 0C when it was applied on the steel strip. The speed of the strip

during application of the dry film lubricant has been up to 100 m/min. In another trial,

the speed of the strip during the application of the dry film lubricant has been up to 250

m/min. The steel strip itself has had a temperature of approximately 15 0C before the

dry film lubricant has been applied. The dry film lubricant has been applied using an



electrostatic oiler. The electrostatic oiler has run with a blade gap typically between 75-

200 microns.

The dry film lubricant used is a hot melt containing, amongst other ingredients,

ester based organic molecules, ester based polymers and unsaturated hydrocarbons

For the pilot line trials different thicknesses of dry film lubricant have been

produced and tested:

Trial 1 : 0.1 to 1.0 g/m2 dry film lubricant

Trial 2 : 0.4 to 0.8 g/m2 dry film lubricant

Trial 3 : 0.5 to 2.5 g/m2 dry film lubricant.

It has been found that the difference in performance between the various

thicknesses of the dry film lubricant are small, but that a thickness of 1.0, 1.5 and 2.0

g/m2 per side of the substrate generated better results in the laboratory adhesion tests

compared to tests of the same paint on the same substrate when the dry film lubricant

had been removed. It also became clear that a curing temperature of the paint coating of

180 - 200 0C for a dry film lubricant of 1.0 g/m2 provided better adhesion test results

compared to tests of the same paint on the same substrate when the dry film lubricant

had been removed.

Apart from the laboratory paintability and adhesion tests, also some real life

industrial production tests have been performed. Several finished industrial products

have been manufactured using both liquid paint and powder paint lines, both with dry

film lubricant remaining on the substrate and with dry film lubricant removed before

painting. A layer of 1.0 g/m2 had been applied on the substrate in accordance with the

invention. The tests showed that the adhesion of the samples according to the invention

was significantly better than for the samples where the dry film lubricant had been

removed, for one of the powder paint systems used. For other powder paint systems and

for liquid paint systems the results of the adhesion tests for coated substrates with and

without dry film lubricants are approximately the same.

The result of the tests thus is that it is possible to use a dry film lubricant on a

steel substrate that remains present on the substrate when coated with a paint system,

without loss of quality of the adhesion of the coating.

Chemical mechanistic studies of the interaction between the dry film lubricant

and selected powder paint systems have been undertaken to elucidate the paint adhesion



mechanisms. Analysis techniques used have included differential scanning calorimetry

(DSC) and optical microscopy.

For the DSC spectra of the different powder coatings (without dry film

lubricant) the method used involved heating up the samples to 180°C at 10°C/min (to

determine melting point), keeping at 180°C for 10 min (curing), subsequent quenching

and reheating to 180°C at 10°C/min, to determine the glass transition temperature (Tg)

of the cured coating.

For pure (no paint present) dry film lubricant the method used was to heat up the

sample from O0C to 1800C at 10°C/min (to determine melting point).

In order to study the potential interactions (miscibility and plasticising effects)

between the dry film lubricant and powder coating systems, dry blends of lubricant and

powder coating were prepared in-situ in the DSC sample pans. To this end, first a small

amount of dry film lubricant (ca. 1 mg) was placed in the DSC sample pan and

weighed. Then, the proper amount of powder coating was added to the sample to reach

a total content of about 10% lubricant. The same DSC measuring method is used as

with the powder coats.

The experimental results showed that most of the powders tested had a melting

point in the range 55-65°C. A dry mixture of about 10% dry film lubricant with one

powder gave, after curing, a Tg that was lowered by approximately 12°C compared to

the pure system. Further to this, a drop in Tg of approximately 130C was observed with

a second powder. This indicates a notable 'plasticising1 effect, which in turn means

good mixing and specific interactions between dry film lubricant and coating resin.

With a third powder no clear Tg was visible after mixing with the dry film lubricant,

only a little indistinct peak around 48 - 500C. This can be the Tg, in which case there

would be a substantial plasticising versus the powders on their own (Tg of 6 1 - 65°C).



It is understood that dry film lubricant and powder coatings will mix in the

liquid state during curing, due to a broad overlap in the temperature ranges over which

they are in all the liquid phase. The dry film lubricants have a liquid state starting at

approximately 4 O0C. The dry film lubricants are applied at temperatures around 60 - 80

0C.

Also, it has been shown using optical microscopy that the dry film lubricant is partially

absorbed into the paint film during the curing process.

It is concluded that a number of processes contribute towards good adhesion of the

paint to the steel, i.e. plasticisation of the paint by the dry film lubricant coating and

solubilization of the dry film lubricant in the paint.

It is also possible that components of the dry film lubricant, for example, unsaturated

molecules, undergo co-polymerisation reactions with the powder paint. The inventors think

that this is happening because the esters from the dry film lubricant combine or are miscible

with the esters within the powder. In addition it is possible that the unsaturated hydrocarbons

in the dry film lubricant can co-polymerize with the powder.



CLAIMS

1. Method for coating a steel substrate, wherein steel strip material has been

provided with a lubricant for corrosion protection before shipping and/or storing,

and wherein the lubricated strip material is worked and/or formed to manufacture

the steel substrate, and before and/or after the working and/or forming the steel

substrate is coated with a paint system, characterised in that the steel substrate is

coated while the lubricant remains on the steel.

2 . Method according to claim 1, wherein the lubricant that is used is a dry film

lubricant.

3. Method according to claim 2, wherein the dry film lubricant contains ester-based

polymers.

4 . Method according to claim 2 or 3, wherein the dry film lubricant contains ester-

based organic molecules and/or saturated hydrocarbons and/or unsaturated

hydrocarbons and/or viscosity modifiers and/or corrosion preventive additives.

5. Method according to claim 2, 3 or 4, wherein the dry film lubricant contains

mixture of aliphatic hydrocarbons and saturated esters.

6. Method according to any one of the preceding claims, wherein the steel substrate

is used for purposes outside the automotive sector.

7. Method according to any one of the preceding claims, wherein the lubricant or dry

film lubricant has been applied to the steel strip material at a coating weight of 0.3

- 3.0 g/m 2.

8. Method according to claim 7, wherein the lubricant or dry film lubricant has been

applied at speeds between 20and 600 m/min.



9 . Method according to claim 7 or 8, wherein the lubricant or dry film lubricant has

been applied using an electrostatic oiler or using hot melt application technology

or through the use of a high speed coating technique such as a chemcoater or

spray disk process.

10. Method according to any one of the preceding claims, wherein the paint system is

in liquid form or in powder form, which paint system preferably is a derivate of

phenolics, acrylics, esters, urethanes or epoxies, and mixtures thereof.

11. Method according to claim 10, wherein the liquid paint is applied through roller

coating, curtain coating, spray disk coating and derivates thereof.

12. Method according to claim 10, wherein the powder paint is a thermosetting paint

or a thermoplastic paint, and is preferably applied through use of an electrostatic

gun.

13. Method according to any one of the claims 10 - 12, wherein the lubricated steel

substrate that has been coated with a paint system is cured, preferably within the

temperature range of 140 - 250° C for up to 1 - 15 minutes.

14. Method according to claim 13, wherein the curing of the paint is performed using

a gas fired oven, an infra-red oven, a near infra-red oven, an electron beam unit or

an induction oven.

15. Method according to any one of the preceding claims, wherein the paint before

curing has a thickness between 30 and 120 microns, preferably between 50 and 90

microns.

16. Steel substrate produced in accordance with any one of the preceding claims,

wherein the substrate has been provided with a coating comprising a lubricant and

a paint.



17. Steel substrate according to claim 16, wherein the substrate has been

worked/formed for purposes outside the automotive sector.
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