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(54) Method for coating tubes

(57) The invention relates to a method for coating
the inner surface of a tube made of copper or copper
alloy by a tin layer, according to which method the tin
layer is formed by chemical tin coating. The coating of

the inner tube surface is carried out in one coating step
so that the tin layer is formed as the coating solution
circulates on the inner tube surface
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Description

[0001] The invention relates to a method according to
claim 1 for coating the inner surface of a tube made of
copper or copper alloy.
[0002] Copper tubes are known to be coated internal-
ly by tin that provides a cathodic protection for copper.
Specific quality requirements are set for tin-coated
tubes with respect to strength, purity and coating poros-
ity. In chemical tin coating, the process is known to be
distinguished as two or three separate process steps
comprising the activation of the surface to be coated,
precoating and the coating step proper with the tin coat-
ing. In the surface activation, the surface to be coated
is treated by certain chemicals in order to make the coat-
ing succeed. In the precoating after the activation, the
solution is usually composed of an acidic solution, in
which there is dissolved both a complexing agent par-
ticipating in the coating reactions, as well as the tin
source proper. The function of the precoating step is to
form tin nuclei on the surface to be coated. In the coating
step, a tin coating layer is deposited onto the tin nuclei.
The actual coating step may be carried out either in an
acidic or an alkaline solution.
[0003] Chemical tin coating is known to be carried out
as an ion-exchange reaction, in which copper ions are
dissolved from the basic metal, and simultaneously on
the surface of the basic metal, from the tin coating so-
lution there is deposited an equivalent quantity of tin ions
on the basis of the tension between the tin coating so-
lution and copper. An increased quantity of dissolved
copper in the solution with respect to the quantity of tin
slows down the ion exchange reaction. Consequently,
also according to the quantity of deposited tin, the solu-
tion must from time to time be subjected to tin source
regulation. When the surface of the basic metal is com-
pletely coated, the ion exchange reaction is slowed
down and finally stops. If the tin coating becomes non-
homogeneous during the tin coating process, this may
later result in that tin ions are disengaged for example
to household water. The working life of a tin coating so-
lution can be raised by adding so-called stabilizers into
the solution. It is well known that the tin coating process
is carried out in two separate steps, so that the solution
of the first step is only used for transmission, and the
solution of the second step is used for accumulating the
tin layer.
[0004] According to the patent EP0848084, there is
known a method for manufacturing a copper tube, ac-
cording to which the tin coating of the copper tubes is
carried out in two steps, so that the temperature of the
tin coating solution is raised when proceeding to the sec-
ond tin coating step.
[0005] The object of the present invention is to intro-
duce a novel solution that is more advantageous than
the prior art for coating the inner wall of a tube made of
copper or copper alloy with a tin layer, particularly so
that the coating is carried out in one coating step.

[0006] The invention is characterized by what is set
forth in the characterizing part of claim 1. Other pre-
ferred embodiments of the invention are characterized
by what is set forth in the rest of the claims.
[0007] Remarkable advantages are achieved by the
arrangement according to the invention. By means of
the method according to the invention, the tin coating
process of the interior tube wall is made more rapid, and
the quantity of used chemicals is remarkably reduced in
comparison with conventional tin coating. By means of
the invention, there is formed a tin layer according to the
regulations on the inner surface of a tube made of cop-
per or copper alloy by carrying out the coating in one
coating step, so that the tin layer is formed as the tin
coating solution circulates on the inner tube surface.
The one coating step according to the invention means
that the coating solution is circulated to the inner tube
surface at one end of the tube, and it is made to flow out
of the other end of the tube, during which time there is
created a tin layer by means of chemical tin coating ac-
cording to an ion exchange reaction. Advantageously
the multi-step activation of the inner tube surface, the
precoating and the coating are made to take place by
means of one and the same coating solution and essen-
tially in one coating step, while the coating solution cir-
culates on the inner tube surface.
[0008] The coating solution according to the inven-
tion, circulated on the inner tube surface, includes at
least pH adjustment agent, to the extent that the pH of
the coating solution <1, tin source for creating bivalent
tin ions (Sn2+) in the coating solution and complexing
agent. According to an embodiment of the invention, the
employed tin source is tin chloride (SnCl2), and the em-
ployed complexing agent is thiourea (NH2)2CS, in which
case the ratio of the contents of tin chloride and thiourea
in the coating solution is 1:(1-10), preferably, however,
1:4. According to an embodiment of the invention, the
employed pH adjustment agent is hydrochloric acid
(HCl). The employed tin source can be for example tin
(II) sulfate or some other tin source, by using which the
tin ion can be made to be present as bivalent (Sn2+) in
the above mentioned coating solution. According to an
embodiment of the invention, the employed pH adjust-
ment agent is sulfuric acid (H2SO4). The content of
thiourea in the coating solution is 2 - 20 percentages by
weight (w-%), preferably 10 percentages by weight.
When the content of thiourea in the coating solution is
relatively low, the tubes are easier to clean after coating.
[0009] In a coating solution according to the invention,
the complexing agent participates in the tin coating re-
actions as a complexing agent at least by binding free
copper ions in said coating solution. When carrying out
the coating in one step by a coating solution according
to the invention, the inner tube surface is also cleaned
of possible impurities that are accumulated on the inner
surface in earlier treatments of the inner tube surface.
When using a coating solution according to the inven-
tion, the use of many other chemicals, such as for ex-
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ample stabilizers, can be completely avoided. When the
use of many other chemicals is avoided, the further
treatment of the coating solution is remarkably cheaper.
In addition, the when using a coating solution according
to the invention, harmful sedimentation of the solution
at high temperatures can be avoided. The coating reac-
tion time is remarkably shortened at the achieved high
temperatures. Advantageously also when using a coat-
ing solution according to the invention, the solution ex-
penses are reduced, and the time required for preparing
the solution remains short in comparison with the man-
ufacturing of multi-step coating solutions. Likewise, the
use of rinsing waters circulated between various steps
can be avoided, and savings can be achieved in the fur-
ther treatment expenses of the solution.
[0010] According to an embodiment of the invention,
the temperature of the coating solution is adjusted to be
within the range 35 - 100… C when feeding the coating
solution onto the inner tube surface. By using this tem-
perature, on the inner tube surface there is accumulated
an advantageous tin layer according to the regulations.
According to an embodiment of the invention, the tube
is preheated before coating, which further enhances a
successful coating. Preheating can be carried out from
outside the tubes, or for instance by rinsing the inside
of the tube by warm water or warm compressed air. Ac-
cording to the invention, the coating circulates on the
inner tube surface for less than 30 minutes.
[0011] According to the invention, the coating is car-
ried out in an oxygen-free atmosphere, so that the coat-
ing solution and the coating equipment are insulated
against the effects of oxygen, for example by arranging
them in oxygen-free protective gas and by preventing
the access of oxygen into the coating solution. Accord-
ing to an embodiment of the invention, oxygen is re-
moved from the coating solution, for instance before
coating or during the coating step, in which case the ef-
fects of oxygen contained in the various ingredients of
the solution can be avoided. Thus the oxidation of tin in
the solution is advantageously prevented. Tin oxidation
binds tin as a component, which means that the quantity
of free tin ions in the solution is reduced. When the ox-
idation of tin is prevented in the tin coating solution, the
working age and resistance of the solution is improved.
According to the invention, the stabilizer can thus be ad-
vantageously replaced by various equipment arrange-
ments. The function of the stabilizer is to prevent the
oxidation of tin ions (Sn2+) in the solution. After coating,
the inner tube surface is cleaned of solution residues,
for example by means of rinsing by air and water. The
inner surface of the tube to be coated can be either treat-
ed or untreated. According to an embodiment of the in-
vention, the inner surface of the tube to be coated is
oxidized, in which case the tube can be semi-hard or
soft. Advantageously by means of the coating solution
according to the invention, both pickling and coating are
carried out in the same coating solution. According to
an embodiment of the invention, the tube to be coated

is hard. The tube can also be pickled. The tube to be
coated can be a tube coil, or a straight tube, and can
have a length of even 1,000 meters.
[0012] The invention is described in more detail below
with reference to an example.

EXAMPLE

[0013] The following example describes a method ac-
cording to the present invention for coating a tube made
of copper by a tin layer. According to the example, the
tube to be coated is a semi-hard, straight tube that with
an oxidized inner surface. The coating for forming the
tin layer can be carried out by feeding the coating solu-
tion simultaneously either onto the inner surfaces of sev-
eral tubes, or to one tube at a time. Onto the inner tube
surface, there is fed coating solution from a separate
solution tank by pressurizing the coating solution into
the tube. According to the example, the coating solution
contains hydrochloric acid (HCl) as the pH adjustment,
tin chloride (SnCl2) as the tin source, and thiourea
((NH2)2CS) as the complexing agent. pH adjustment
agent is added into pure water to that extent that the
acidity (pH) in the coating solution is below 1, whereafter
thiourea is added so that the content of thiourea in the
final coating solution is 10 percentages by weight. Tin
chloride is added to the coating solution to the extent
that the ratio of the tin chloride and thiourea contents in
the coating solution is 1:4, i.e. the quantity of thiourea
is 4 times as much as the quantity of tin chloride. In the
coating solution, tin is present in ion form (Sn2+). Ac-
cording to the example, the temperature of the coating
solution is 75 …C, when it is fed onto the inner tube sur-
face. The solution tank and the rest of the equipment
are protected so that the access of oxygen into the coat-
ing solution is prevented for example by protective gas.
According to the example, oxygen is removed from the
coating solution. The temperature of the coating solution
kept in the solution tank is maintained constant. Before
feeding the coating solution in the tube, the tubes are
rinsed by warm liquid. According to the example, the
coating solution is fed into the preheated tube at a tur-
bulent speed. The coating solution circulates on the in-
ner tube surface for about 20 minutes, during which time
a tin layer is formed. The tin layer grows on the inner
surface according to the ion exchange reaction, so that
metallic copper is dissolved from the inner tube surface
to the tin coating solution to ions, and the tin ion con-
tained in the coating solution is deposited on the inner
tube surface, forming a metallic coating. The tin layer is
formed as a homogeneous layer with a thickness of
about 1 - 2 micrometers. When the coating solution has
circulated from one end of the tube to the other end, and
the tin layer is formed, the tube is emptied of the coating
solution. The tin-coated tubes are cleaned of coating so-
lution residues for example by rinsing the tubes with wa-
ter. When necessary, the tin-coated tubes are dried be-
fore their further treatment, such as storage or transport.
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[0014] For a man skilled in the art, it is obvious that
the various embodiments of the invention are not re-
stricted to the examples given above, but may vary with-
in the scope of the appended claims.

Claims

1. A method for coating the inner surface of a tube
made of copper or copper alloy by a tin layer, ac-
cording to which method the tin layer is formed by
chemical tin coating, characterized in that the
coating of the inner tube surface is carried out in
one coating step by a coating solution from which
oxygen is removed, and that the tin layer is formed
as the coating solution circulates on the inner tube
surface.

2. A method according to claim 1, characterized in
that the coating solution circulated on the inner tube
surface contains at least pH adjustment agent to the
extent that the pH of the coating solution <1, tin
source for forming bivalent tin ions (Sn2+) in the
coating solution, as well as complexing agent.

3. A method according to claim 2, characterized in
that the employed tin source is tin chloride.

4. A method according to claim 2, characterized in
that the employed complexing agent is thiourea.

5. A method according to claim 3 or 4, characterized
in that the ratio of the tin chloride and thiourea con-
tents in the coating solution is 1 :(1-10).

6. A method according to claim 5, characterized in
that the ratio of the tin chloride and thiourea con-
tents in the coating solution is preferably 1:4.

7. A method according to claim 2, characterized in
that the employed pH adjustment agent is hydro-
chloric acid.

8. A method according to claim 2, characterized in
that the employed pH adjustment agent is sulfuric
acid.

9. A method according to claim 2, characterized in
that the employed tin source is tin sulfate.

10. A method according to claim 4, 5 or 6, character-
ized in that the content of thiourea in the coating
solution is 2 - 20 percentages by weight.

11. A method according to claim 10, characterized in
that the content of thiourea in the coating solution
is preferably 10 percentages by weight.

12. A method according to any of the preceding claims,
characterized in that the temperature of the coat-
ing solution is adjusted to be within the range 35 -
100… C when feeding the coating solution onto the
inner tube surface.

13. A method according to any of the preceding claims,
characterized in that the tube is preheated before
coating.

14. A method according to any of the preceding claims,
characterized in that the coating solution circu-
lates on the inner tube surface less than 30 minutes.

15. A method according to claim 1 - 14, characterized
in that the coating is carried out in an oxygen-free
atmosphere.

16. A method according to any of the preceding claims,
characterized in that the inner tube surface is
cleaned after coating.

17. A method according to any of the preceding claims,
characterized in that the inner surface of the tube
to be coated is oxidized.

18. A method according to claim 1 - 17, characterized
in that the tube to be coated is semi-hard.

19. A method according to claim 1 - 17, characterized
in that the tube to be coated is soft.

20. A method according to claim 1 - 16, characterized
in that the tube to be coated is hard.

21. A method according to claim 1 - 20, characterized
in that the tube to be coated is pickled.
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