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Separable threaded connection with asymmetric coating 

The invention relates to a screw joint comprising a tubular 

element with a female thread and a tubular element with a male 

thread, wherein said male thread and said female thread have 

first contact surfaces that cooperate with each other, and the 

tubular elements have second contact surfaces preferably adja­

cent to said female thread and/or said male thread, wherein 

said first contact surfaces and, if applicable, said second 

contact surfaces each have a coating at least comprising a 

first and a second layer, wherein said first layer is formed 

as a conversion layer in each case. 

The invention further relates to a method for surface treat­

ment of threads of a threaded connection of tubular elements 

comprising the application of a coating onto said first con­

tact surfaces that cooperate with each other of a female 

thread and a male thread of said threaded connection and pref­

erably the application of a coating onto the second contact 

surfaces that cooperate with each other of said tubular ele­

ments adjacent to said female and/or male thread, wherein the 

coating comprises the application of at least a first layer 

and the application of a second layer on said first layer, 

wherein a conversion layer is applied onto said contact sur­

face as a first layer in each case. 

In particular, the invention relates to screw joints that are 

required to screw together steel pipes used in the crude oil 

and natural gas production industry. It is known that threaded 

connections used in the crude oil and natural gas production 

industry are exposed to very high surface pressures due to the 

screwing and the effective load. Many of these connections 

have to be screwed and loosened again several times. Pipes 
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used in the crude oil and natural gas production industry 

(commonly known as OCTG pipes - Oil Country Tubular Goods) are 

in particular used as casing and standpipes for the develop­

ment of crude oil and natural gas reservoirs. 

High requirements are imposed on the screw connections of the 

aforementioned pipes. Since the threads are prone to fretting 

due to the high contact pressure of the thread surfaces that 

cooperate with each other, precautions must be taken in order 

to prevent fretting and general mutual damage. Further, there 

must be an adequate corrosion resistance. Relevant standards 

also specify that the threaded connection shall be adapted for 

screwing together and loosening the screw connection several 

times (up to 10 times) . Other standards in the area of crude 

oil casing pipes even require the connection to be screwed 

again 100 times. 

In the simplest case one tries to prevent damage of the 

threads by means of application of thread lubricant. However, 

the need for greasing should be avoided as far as possible, as 

the effort caused by this is considerable, particularly when 

regreasing becomes necessary due to screwing and loosening the 

screw connection several times. 

Further, chemically converting the surface of the material of 

the thread surfaces or applying another material onto them is 

a known method of obtaining a conversion layer. Conversion 

layers are usually produced by a chemical reaction of an aque­

ous treatment solution with a metal substrate and provide a 

very good basis for the adhesion of subsequent coatings and 

significantly increase the corrosion resistance of the base 

material in comparison with untreated material surfaces. This 

includes phosphating the thread surfaces. Further, in the 
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state of the art, surface coating of thread surfaces with all 

kinds of substances that are said to increase the characteris­

tics of screw connections is described. However, the coatings 

known are inadequate in order to sufficiently meet all re­

quirements . 

Therefore, the present invention aims at improving a threaded 

connection to the effect that greasing of a threaded connec­

tion (particularly of the thread pitches, metal sealing seat 

and shoulder surface) of pipes can be avoided, even in case of 

connecting pipe sections several times. Fretting susceptibil­

ity shall be decreased considerably. Further, the number of 

cycles consisting of screwing and loosening the connection 

shall be increased at constant torque performance, wherein the 

tightness of the connection has to be guaranteed. 

To resolve this task, the invention concerning a threaded con­

nection of the above-mentioned type primarily consists in one 

of the first and, if applicable, the second contact surfaces 

that cooperate with each other having as a second layer a lay­

er made of a ceramic material with, a friction-reducing effect 

and the other of the two contact surfaces that cooperate with 

each other having as a second layer a varnish layer, in which 

solid lubricant particles are distributed, comprising a bind­

ing agent made of an organic polymer. As a result, said two 

contact surfaces that cooperate with each other each have at 

least two layers, wherein the layer referred to as "second 

layer" according to the present invention is preferably the 

outermost layer in each case, at which the male and the female 

thread are in contact with each other. Said second layer of 

the female thread is formed from a different material than the 

second layer of the male thread, namely from a ceramic materi­

al with a friction-reducing effect on the one side and a var­
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nish with a binding agent made of an organic polymer on the 

other side, wherein said material is always chosen in such a 

way that said second layers do not chemically react with each 

other, i.e. they do not form a chemical compound. Thus, the 

fretting susceptibility can be reduced drastically and the 

connection can be loosened several times. 

Preferably, it is provided for that said second layer made of 

ceramic material is formed on the tubular element with the fe­

male thread and said second layer consisting of a varnish lay­

er is formed on the tubular element with the male thread. 

Said second layer made of the ceramic material significantly 

increases the corrosion protection on thread surfaces without 

varnish. Further, said layer in combination with the first 

layer, particularly when it is formed as a manganese phosphate 

layer according to a preferred embodiment, has a particularly 

friction-reducing effect. 

Preferably, the first layer is formed as a phosphate layer, 

wherein it preferably consists of manganese phosphate, iron 

phosphate and/or zinc phosphate with the addition of nickel 

salts, if necessary, particularly preferably of manganese 

phosphate and zinc phosphate and most preferably of manganese 

phosphate. 

On the contact surface between the layer made of ceramic mate­

rial with friction-reducing effect and the varnish layer with 

solid lubricant particles, according to the invention, a very 

low kinetic friction is achieved without greasing being neces­

sary. The low kinetic friction is maintained over a long peri­

od of time and is also guaranteed after tightening and loosen­
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ing the connection several times without essentially impairing 

the friction characteristics. 

Preferably, it is provided for that the layer thickness of the 

varnish layer and the portion of lubricant are chosen in such 

a way that these can be tightened and loosened at least more 

than 10 times with crude oil conveyor pipes without galling of 

the material and, preferably, even more than 100 times with 

crude oil casing pipes, without destroying the lubricating ef­

fect of the varnish layer. 

In order for the thread geometry of the coated thread to re­

main unchanged compared to the uncoated embodiment, the thick­

ness of the applied layers must be kept as thin as possible. 

In this respect, a preferred embodiment provides that said 

thickness of the coating of the first contact surfaces that 

cooperate with each other is less than 120 jam, preferably less 

than 70 pm. 

According to the invention, the ceramic layer can be formed to 

be particularly thin without impairing its friction-reducing 

and corrosion-protective effect. In particular, said layer can 

be formed as a nanocoating, wherein it is preferably provided 

for that the layer thickness of said ceramic layer is less 

than 1 pm, preferably less than 200 nm, particularly prefera­

bly between 10 and 100 nm. 

Such a thin application can be preferably obtained such that 

said ceramic layer consists of a wet chemical, self-depositing 

precipitate or a ceramic prepolymer with organic components 

applied by means of coating. 
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Preferably, it is provided for that said ceramic layer in­

cludes a resin, such as melamine resin, or a hydrophobing 

agent, in particular is waterproofed with it, in order to in­

crease corrosion resistance. 

Said resin or hydrophobing agent for waterproofing the 

nanolayers serves the temporary corrosion protection, but also 

compresses the porous nanolayer in the long term and increases 

its ductility (as a result, the brittle characteristics of the 

ceramic material are reduced). 

In order to prevent the penetration of water, various resins 

and known hydrophobing agents can be applied. As a resin, all 

resins with sufficient stability can be used, e.g. melamine 

resins or siloxanes (e.g. PDMS-based) with good technical 

properties. These often have to be baked in order to obtain 

sufficient stability. Alkoxysilanes with hydrophobical side 

groups or their oligomers and polymers are known hydrophobing 

agents, e.g. dynasilanes of the types F8815 or F8261. 

The ceramic layer preferably comprises titanium, zirconium, 

niobium, tantalum, molybdenum, chromium, silicon and/or germa­

nium oxides. In particular, the ceramic layer consists of an 

oxide selected from the group consisting of titanium, zirconi­

um, niobium, tantalum, molybdenum, chromium, silicon, vanadi­

um, tungsten, germanium oxides and/or combinations thereof. 

Particularly preferably, the ceramic layer consists of silicon 

oxide, namely quartz. 

As already mentioned, the first layer is a layer preferably 

produced by means of phosphating the contact surface. In par­

ticular, this is a manganese phosphate layer in this case, 

wherein both the first layer formed on the male thread and the 
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first layer formed on the female thread are produced by means 

of phosphating, in particular they are formed as manganese 

phosphate layers. Said manganese phosphate layer is preferably 

produced in a hot bath process and can alternatively be gal-

vanically precipitated. 

On the one hand, the varnish layer increases the corrosion 

protection and on the other hand, it is a carrier for the sol­

id lubricant particles distributed therein. The layer thick­

ness of the varnish layer is between 5 and 80 pm, particularly 

preferably between 10 and 40 pm, in the area of the first con­

tact surfaces in order to not impair the thread geometry. 

The coating according to the invention can additionally also 

be applied on the second contact surfaces of the tubular ele­

ments adjacent to the thread. These are preferably sealing 

surfaces that cooperate with each other to form a sealing seat 

and, if applicable, shoulder surfaces that cooperate with each 

other, wherein the sealing surfaces are preferably conical and 

are preferably arranged in screw-in direction adjoining to 

said female and/or male thread. The thickness of the coating, 

particularly of the varnish layer, can be chosen to be greater 

on the second sealing surfaces than on the thread surfaces, 

i.e. the first contact surfaces. According to one preferred 

embodiment, the layer thickness of the varnish layer ranges 

between 10 and 500pm, preferably between 40 and 300pm in the 

area of the second contact surfaces. In particular, it may be 

provided for that the layer thickness of the varnish layer 

ranges between 10 and 300pm, preferably between 40 and 150pm 

in the area of the sealing surfaces. In the area of the shoul­

der surfaces, the layer thickness of the varnish layer can be 

between 50 and 500pm, preferably between 150 and 300pm. 
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In view of the formation of the total layer thickness, the 

following embodiments are preferred. The thickness of the 

coating of the second contact surfaces that cooperate with 

each other can be less than 340pm, preferably less than 180pm, 

in the area of the sealing surfaces. The thickness of the 

coating of the second contact surfaces that cooperate with 

each other can be less than 540pm, preferably less than 330pm, 

in the area of the shoulder surfaces. 

According to one preferred embodiment of the invention, the 

organic polymer of the binding agent of the varnish layer is a 

polymer that hardens through cross-linking. In particular, the 

varnish layer consists of a baking varnish with a synthetic 

resin binding agent or comprises a two-component system of a 

synthetic resin and a curing agent as a binding agent. The 

synthetic resin is preferably an alkyd resin, particularly an 

alkyd resin modified with epoxy resin. For example, a b/w SIL-

VATHERM varnish 2312-3009-90 with wax (polypropylene wax) 

blended into it can be utilised. 

The solid lubricant particles are preferably polymer-based, 

particularly consisting of a synthetic wax, preferably poly-

olefin or polyamide or fluoropolymer, most preferably polypro­

pylene wax. The percentage of said solid lubricant particles 

in the varnish layer can be 1 to 50% w/w, preferably 1 to 

20% w/w, more preferably 1 to 10% w/w, most preferably 5% w/w. 

Such a percentage of wax particles significantly reduces slid­

ing friction, increasing long-term stable sliding performance. 

Preferably, it is provided for that the first and the second 

layer made of ceramic material are formed together as a con­

version layer, preferably generated by means of phosphate con­

version coating. 
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Further, it is preferably provided for that said lubricant 

particles consist of non-crystalline fluorinated hydrocarbons 

and/or non-high polymer, if applicable derivatised, hydrocar­

bons or silicones. 

Preferably, it is provided for that for application at temper­

atures below freezing point, the varnish layer is cross-linked 

to a lesser extent. 

According to a further aspect of the invention, a method of 

the above-mentioned type is carried out such that a layer made 

of ceramic material with a friction-reducing effect is applied 

as second layer onto one of the contact surfaces that cooper­

ate with each other and that a varnish layer, throughout which 

solid lubricant particles are distributed, and which comprises 

a binding agent made of an organic polymer is applied as se­

cond layer onto the other of the two contact surfaces that co­

operate with each other. 

According to a preferred method, it is provided for that the 

layer made of ceramic material is applied to the contact sur­

face of the female thread as second layer and the varnish lay­

er is applied to the contact surface of the male thread as se­

cond layer. 

According to another preferred method, it is provided for that 

the ceramic layer is applied with a layer thickness of less 

than lpm, preferably less than 200nm, particularly preferably 

between 10 and lOOnm. In particular, the ceramic layer can be 

produced advantageously by means of wet chemical precipitation 

of nanoparticles, particularly SiC>2 nanoparticles. Here, the 
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solution can consist of ethyl diglycol or reaction ethanol, 

ammonia and tetraethyl orthosilicate (TEOS) and water. 

Additionally, the tubular element can be immersed with its 

thread into a bath of said solution with primarily perpendicu­

lar pipe axis, wherein the level of said bath is preferably 

increased by arranging a displacement body within the tubular 

element. Alternatively, it can be proceeded such that said 

tubular element is immersed with a circumferential portion in­

to a bath of said solution with a primarily horizontal pipe 

axis and is rotated around said pipe axis. 

The varnish layer can preferably be applied by spraying. The 

varnish is advantageously applied by means of a spraying gun 

and then cured at 130-180°C for 7-20 min. Tests showed that 

varnish layers of less than 5pm tend to erode prematurely and 

varnish layers exceeding 80pm exhibit moment anomalies during 

screwing. Advantageous varnish layer thicknesses, particularly 

those for the area of the first contact surfaces, are 10-40pm. 

The tubular element comprising a female thread and the tubular 

element comprising a male thread can be, for example, two 

pipes or one pipe and one socket. 

The invention is discussed in more detail below with reference 

to an example embodiment schematically shown in the drawing. 

In this drawing, Fig. 1 shows the individual coatings of the 

female and of the male thread, Fig. 2 and 3 show the progres­

sion of the torque measured during screwing together and un­

screwing of the threaded connection as a function of the rota­

tions and Fig. 4 shows a section of a screw joint in the 

screwed-together state. 
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Fig. 1 shows a pipe portion 1 comprising a male thread 6 and a 

pipe portion 2 as a socket comprising a female thread 7. The 

pipe portion 1 comprises a pipe axis 3, wherein the wall is 

designated with 4. The wall of the pipe portion 2 is designat­

ed with 5. The male thread 6 and the female thread 7 are 

formed with contact surfaces that cooperate with each other 

such that the pipe portion 1 can be screwed into pipe portion 

2 formed as a socket to produce a threaded connection between 

the two pipe portions. 

Onto each of the contact surfaces of the male thread 6 and the 

female thread 7, a first layer 8 and 9, respectively, is ap­

plied directly, which is a manganese phosphate layer in each 

case. The manganese phosphate coatings 8 and 9 have a thick­

ness of 5 to 20pm, preferably 10-15pm. 

A varnish layer 10 into which wax particles are dispersed is 

positioned on the manganese phosphate layer 8 of the pipe por­

tion 1. The varnish layer 10 is preferably realised with a 

varnish with the trade name SILVATHERM 2312-3009-90. This is a 

baking varnish on the basis of an alkyd resin modified with 

epoxy resin. The wax particles are preferably particles made 

of polypropylene wax, wherein a particle diameter of less than 

20pm, particularly between 2-10pm, is preferred. The varnish 

is applied to the metallic sealing seat, the shoulder surfaces 

and the male threads 10 and then cured at 130-180°C for about 

7-20 min in a temperature chamber. The varnish layer has a 

thickness of 5-80pm, particularly 10-40pm. A baking varnish on 

the basis of an alkyd resin modified with epoxy resin does not 

show any significant degradation of the tribological charac­

teristics, even at low temperatures of up to -40°C. 
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A nano quartz layer 11 with a layer thickness of < 1pm is ar­

ranged on the manganese phosphate layer 9 of the pipe portion 

2. 

Tests with such a combination of materials on the contact sur­

faces of the threaded connection have revealed that there was 

a constant friction of about 0.06 over a test duration of 

400 cycles. 

Fig. 2 and 3 depict measurements of the progression of the 

torque during screwing (Fig. 2) and unscrewing (Fig. 3) of the 

threaded connection according to Fig. 4 as a function of the 

rotations. On the x-axis, the rotations are shown, on the y-

axis, the torque in nm. The measurements of ten successive 

processes of screwing and/or unscrewing are mapped, wherein 

the measured values are numbered as 1 to 10 according to the 

order of the processes of screwing and/or unscrewing. 

It can be seen that with no additional lubrication, a constant 

torque progression is given even with 10 successive screwing 

processes. 

Fig. 4 shows one embodiment of the invention, wherein the two 

pipe portions 1 and 2 are depicted in a screwed together 

state. The male thread 6 and the female thread 7 are conical 

and have first contact surfaces that cooperate with each oth­

er. Subsequent to the male and female threads 6,7, the pipe 

portions 1,2 each have second contact surfaces that cooperate 

with each other, namely sealing surfaces 12 and 13 that lie 

flat against each other and cooperate with each other as well 

as shoulder surfaces 14 and 15 that lie flat against each oth­

er and cooperate with each other. Preferably, the sealing sur­

faces 12,13 are conical. The shoulder surfaces 14,15 are most­
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ly inclined with respect to the axis 3 such that the two pipe 

portions 1 and 2 are pressed against each other upon tighten­

ing of the screw joint at the shoulder surfaces 14,15, but al­

so at the sealing surfaces 12,13. 
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Claims: 

1. A screw joint comprising a tubular element having a fe­

male thread and a tubular element having a male thread, where­

in said male thread and said female thread have first contact 

surfaces that cooperate with each other, and the tubular ele­

ments preferably have second contact surfaces adjacent to said 

female thread and/or said male thread, wherein said first con­

tact surfaces and, if applicable, said second contact surfaces 

each have a coating which has at least a first and a second 

layer, wherein said first layer is formed as a conversion lay­

er in each case, characterised in that one of said first and, 

if applicable, second contact surfaces that cooperate with 

each other has a layer (11) made of ceramic material with a 

friction reducing effect as a second layer and the other of 

the two contact surfaces that cooperate with each other has a 

varnish layer (10) with a binding agent made of an organic 

polymer, throughout which solid lubricant particles are dis­

tributed, as a second layer. 

2. The screw joint according to claim 1, characterised in 

that said second layer made of a ceramic material (11) is 

formed on said tubular element (2) with said female thread (7) 

and said second layer consisting of a varnish layer (10) is 

formed on said tubular element (1) with said male thread (6). 

3. The screw joint according to claim 1 or 2, characterised 

in that said layer thickness of said ceramic layer (11) is 

less than 1 pm, preferably less than 200 nm, particularly be­

tween 10 and 100 nm. 
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4. The screw joint according to claim 1, 2 or 3, character­

ised in that said ceramic layer (11) includes a resin, such as 

melamine resin, or a hydrophobing agent, in particular is wa­

terproofed with it, in order to increase corrosion resistance. 

5. The screw joint according to one of claims 1 to 4, char­

acterised in that said ceramic layer (11) comprises titanium, 

zirconium, niobium, tantalum, molybdenum, chromium, silicon, 

vanadium, tungsten, germanium oxides and/or combinations 

thereof. 

6. The screw joint according to one of claims 1 to 5 charac­

terised in that said ceramic layer (11) consists of a wet 

chemical, self-depositing precipitate or a ceramic prepolymer 

with organic components applied by means of coating. 

7. The screw joint according to one of claims 1 to 6, char­

acterised in that said first layer (8, 9) is formed as a phos­

phate layer, wherein it preferably consists of manganese phos­

phate, iron phosphate and/or zinc phosphate with the addition 

of nickel salts, if necessary, particularly preferably of man­

ganese phosphate and zinc phosphate and more particularly 

preferably of manganese phosphate. 

8. The screw joint according to one of claims 1 to 7, char­

acterised in that said second contact surfaces comprise seal­

ing surfaces (12, 13) that cooperate with each other to form a 

sealing seat and further comprise shoulder surfaces (14, 15) 

that cooperate with each other, wherein said sealing surfac­

es (12, 13) are preferably conical and are preferably arranged 

in screw-in direction adjoining to said female and male 

thread (7, 6) respectively. 
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9. The screw joint according to one of claims 1 to 8, char­

acterised in that said layer thickness of said varnish lay­

er (10) is between 5 and 80 pm, preferably between 10 and 

40 pm, in the area of said first contact surfaces. 

10. The screw joint according to one of claims 1 to 9, char­

acterised in that said layer thickness of said varnish lay­

er (10) is between 10 and 500 pm, preferably between 40 and 

300 pm, in the area of said second contact surfaces. 

11. The screw joint according to one of claims 1 to 10, char­

acterised in that said layer thickness of said varnish lay­

er (10) is smaller in the area of said first contact surfaces 

than in the area of said second contact surfaces. 

12. The screw joint according to one of claims 8 to 11, char­

acterised in that said layer thickness of said varnish lay­

er (10) is between 10 and 300 pm, preferably between 40 and 

150 pm, in the area of said sealing surfaces (12, 13). 

13. The screw joint according to one of claims 8 to 12, char­

acterised in that said layer thickness of said varnish lay­

er (10) is between 50 and 500 pm, preferably between 150 and 

300 pm, in the area of said shoulder surfaces (14, 15). 

14. The screw joint according to one of claims 1 to 13, char­

acterised in that said organic polymer of said binding agent 

of said varnish layer is a polymer that hardens through cross-

linking . 

15. The screw joint according to one of claims 1 to 14, char­

acterised in that said varnish layer (10) consists of a baking 

varnish with a synthetic resin binding agent or comprises a 
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two-component system of a synthetic resin and a curing agent 

as a binding agent. 

16. The screw joint according to claim 15, characterised in 

that said synthetic resin is an alkyd resin, preferably an al­

kyd resin modified with epoxy resin. 

17. The screw joint according to one of claims 1 to 16, char­

acterised in that said solid lubricant particles are polymer-

based and particularly consist of a synthetic wax, preferably 

polyolefin, polyamide or fluoropolymer, particularly prefera­

bly polypropylene wax. 

18. The screw joint according to one of claims 1 to 17, char­

acterised in that the percentage of said solid lubricant par­

ticles in said varnish layer (10) is 1 to 50% w/w, preferably 

1 to 20% w/w, more preferably 1 to 10% w/w, particularly pref­

erably 5% w/w. 

19. The screw joint according to one of claims 1 to 18, char­

acterised in that said thickness of said coating of said first 

contact surfaces that cooperate with each other is less than 

120 pm, preferably less than 70 pm. 

20. The screw joint according to one of claims 8 to 19, char­

acterised in that said thickness of said coating of said se­

cond contact surfaces that cooperate with each other is less 

than 340 pm, preferably less than 180 pm, in the area of said 

sealing surfaces (12, 13). 

21. The screw joint according to one of claims 8 to 20, char­

acterised in that said thickness of said coating of said se­

cond contact surfaces that cooperate with each other is less 
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than 540 pm, preferably less than 330 pm, in the area of said 

shoulder surfaces (14, 15). 

22. The screw joint according to one of claims 1 to 21, char­

acterised in that said first and said second layer made of ce­

ramic material are formed together as conversion layer, pref­

erably generated by means of phosphate conversion coating. 

23. The screw joint according to one of claims 1 to 22, char­

acterised in that said lubricant particles consist of non­

crystalline fluorinated hydrocarbons and/or non-high polymer, 

if applicable derivatised, hydrocarbons or silicones. 

24. A method for surface treatment of threads of a threaded 

connection of tubular elements comprising the application of a 

coating onto said first contact surfaces that cooperate with 

each other of a female thread and a male thread of said 

threaded connection and preferably the application of a coat­

ing onto second contact surfaces that cooperate with each oth­

er of said tubular elements adjacent to said female and/or 

male thread, wherein the coating comprises the application of 

at least a first layer and the application of a second layer 

on said first layer, wherein a conversion layer is applied on­

to said contact surface as a first layer in each case, charac­

terised in that a layer (11) made of ceramic material with a 

friction reducing effect is applied as a second layer onto one 

of said first and, if applicable, second contact surfaces that 

cooperate with each other and a varnish layer (10) with a 

binding agent made of an organic polymer, throughout which 

solid lubricant particles are distributed, is applied as a se­

cond layer to the other of the two contact surfaces that coop­

erate with each other. 
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25. The method according to claim 24, characterised in that 

said layer (11) made of ceramic material is applied to said 

contact surface of the female thread (7) as second layer and 

said varnish layer (10) is applied to said contact surface of 

the male thread (6) as second layer. 

26. The method according to claim 24 or 25, characterised in 

that said ceramic layer (11) is applied with a layer thickness 

of less than 1 pm, preferably less than 200 nm, particularly 

preferably between 10 and 100 nm. 

27. The method according to claim 24, 25 or 26, characterised 

in that said ceramic layer (11) is produced by means of wet 

chemical precipitation of nanoparticles, preferably SiC>2 nano­

particles of a solution. 

28. The method according to claim 27, characterised in that 

said tubular element (2) is immersed with its thread (7) into 

a bath of said solution with primarily perpendicular pipe ax­

is, wherein the level of said bath is preferably increased by 

means of arranging a displacement body in the inside of said 

tubular element. 

29. The method according to claim 27, characterised in that 

said tubular element (2) is immersed with a circumferential 

portion into a bath of said solution with primarily horizontal 

pipe axis and is rotated on said pipe axis. 

30. The method according to one of claims 24 to 29, charac­

terised in that said varnish layer (10) is applied with a lay­

er thickness of between 5 and 80 pm, preferably between 10 and 

40 pm, in the area of the first contact surfaces. 
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31. The method according to one of claims 24 to 30, character­

ised in that said varnish layer (10) is applied by means of 

spraying. 


