. D-16790 90043904 2ro5

PROCESS FOR COATING THE
INTERNAL SURFACES OF HOLLOW BODIES

Field of the Invention
The present invention relates to the coating of

the internal surfaces of hollow bodies such as small
diameter cylinders.

Background of the Invention

In plasma spray coating technology, coatinge are
-applied by injecting a powder into a plasma stream
where they are heated, accelerated and then impinging
the stream upon a surface, the point at which the
stream impinges upon the surface or the iﬁpingement
point, is moved over the surface, by moving the torch
body and/or the object. In order to achieve an optimal
coating, the angle of the axis of the plasma stream to
the substrate surface at the moving impingement point
should be maintained perpendicular. In addition, the
standoff, the distance between the nozzle of the torch
and the impingement point should be maintained
substantially constant as the impingement point moves
over the surface. An additional requirement for an
optimal coating is that the impingement point move
across the surface at a substantially constant rate.
For simple surfaces of revolution, such as cylinders,
conical sections, and annular surfaces, these
requirements are met by merely rotating the object and
moving the torch at a constant rate along a straight
line. _ |

Flame plating by means of detonation usiné a
detonating gun-(D-Gun) has been used in industry to
' prodﬁce'coatings of various compositions for over a
quarter of a century. Basically, the detonation gun
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consists of a fluid-cooled barrel having a small inner
‘diameter of about one inch. Generally a mixture of
oxygen and acetylene is fed into the gun along with a
comminuted coating material. The oxygen-acetylene fuel
gas mixture is ignited to produce.a detonation wave
which travels down the barrel of the gun where it heats
the coating material and propels the coating material
out of the gun onto an article to be coated. U.S. Pat.
No. 2,714,563 discloses a method and apparatus which
utilizes detonation waves for flame coating. Using a

' detonation means with suitable coating materials can
produce coatings héving various characteristics, such
as erosion resistant coatings, hard coatings and'the
like. Similar to plasma coating techniques, the _
detonation coating techniques require a barrel for the
combustible gases and generally for optimal coating
applications, the angle of the axis of the existing
gases to the substrate surface should be maintained
substantially perpendicular. For simple surfaces of
revolution, this requirement is met by merely rotating
the object and moving the barrel of the gun at a
constant: rate along a straight line.

For small hollow bodies, the requiréments for
achieving an optimal coating are particularly difficult
to achieve. For example, it is difficult to coat the
internal surface of a small diameter cylinder since the
plasma torch or barrel of the detonation gun could be |
too large to be projected into the small diameter
cylinder. The difficulty is due in large part to the
size of the plasma torch or barrel of the detonation
gun with reference to the internal volume of a hollow
body. To coat the internal surface of a small diameter
cylinder, one has to resort to electrolytic plating or
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An plasma sprd@- 08 ng technol ogy, coatings are applied by injecting a
pomder into a plasma stream.where they are heated, accelerated and then

i npi ngi ng the stream upon a surface, the poi nt at whi ch the stream i npi nges
.upon the surface or the inpingenent point, is noved over the surface, by
movi ng the torch body and/or the object. ,In order to achieve an opti mal
coating, the angle of the axis of the plasma streamto the substrate
surface at the moving inpingenent point should be maintained perpendicular.
In addition, the standoff, the distance between the nozzle of the torch and
t he i npi ngement point shoul d be maintained

centrifugal cast alloy techniques. However, these
techniques may not be suitable for producing hard
coatings on the internal surface of small diameter
cylinders.

It is an object of the present invention to
provide a process for thermal coating the internal
surface of a hollow body. .

It is another object of the present invention to
provide a process for thermal coating the internal
surface of a small diameter cylinder using plasma or
detonation gun or other thermal spray techniques,
electrolytic, electroless, physical vapor deposition
(PVD), chemical vapor deposition (CVD), high velocity
oxy-fuel (HVOF) or any other conventional technique.

It is another object of the present invention to
provide an efficient and cost effective process of
coating the internal surface of a hollow body using
plasma or detonation gun techniques. '

Further objects will become ev1dent from the
drawings and in the description of the invention that
follows.

A
Summary of the Invention
The invention relates to a process for coating the

internal surface of a hollow body comprising the steps:

(a) preparing a hollow body for receiving on at
least a portion of its internal surface a coating;

(b) preparing a substrate having at least a
portion of its external surface shaped to correspond to
the internal surface of the hollow body to be coated;

(c) depositing on at least the portion of the
external surface of the substrate a coating of a

desired thickness and composition;
—_—
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.substantjally c&ﬁ%é%nt as the i'mpi ngenent point noves over the surface. An
~addi ti'onal ‘requirenment for:an optimal coating is that the inpingement point
nove across the surface at a substantially constant rate. For sinple
-surfaces of revolution, such as cylinders, conical sections, and annul ar
surfaces, these requirenents are nmet by. nerely rotating the object and
noving the torch at a constant rate along a straight |ine. Fl ane
plating by means of detonation using a detonating gun (D-Gun) has been used
in industry to produce coatings of various conpositions for over a

(d) inserting the coated substrate into the
hollow body so that the coated surface of the substrate
faces the internal surface of the hollow body; and

(e) removing the substrate from the hollow body
while leaving the layer of coating in contact with the
internal surface of the hollow body thereby providing
said hollow body with an internal ccating.

In accordance with this invention, the substrate
could be removed from the hollow body by chemical,
thermal, mechanical or any other suitable means. The
external dimension of the substrate will generally be
equal to or slightly less than the internal dimension
of the hollow body so that it can be inserted into the
hollow body. The thickness of the coated layer can
vary depending on the particular en?ironment that the
internal coated body will be used in. For a thicker
coated layer, within a fixed sized hollow body, the
external dimension of the substrate will be less than
the external dimension of a substrate where a thinner
coated layer is desired. In accordance with this
invention, a coated layer could comprise one or more
layers of the same composition or different coating
compositions. ' '

The substrate for use in this invention can be any
material that could be removed from the hollow body by
mechanical, chemical or thermal means without damaging
the coated layer and the hollow body. For example when
using lead or wax as the substrate, the assembled unit
can.be heated to a temperature sufficient to melt the
substrate while not affecting the hollow body or the
coated layer. When using a substrate having a higher
melting point than the coating or hollow body, the
substrate could be removed mechanically by drilling or
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some other technique. It is also possible to remove
the substrate by chemical means in which the substrate
could be dissolved out of the hollow body without
affecting the coated layer. Accordingly, the material
of the hollow body and the coated layer will determine
what material to be used for the substrate.

Although it is generally preferable to have the
external dimension of the coated substrate equal to or
slightly less than the internal dimension of the hollow
body, the external dimension of the coated substrate
could be greater than the internal dimension of the
hollow body. In this embodiment, the hollow body could
be heated to expand and then the coated substrate could
be inserted into the heated hollow body. Upon cooling,
the internal surface of the hollow body will contract
and adhere to the top surface of the coated layer. The
substrate would then be removed leaving an internally
coated hollow body. The preferred hollow body for use
in this invention is a cylinder in which the length is
greater than the diameter and in some applications the
internal surface could have an irregular contour.
Generally, the internal volume of the hollow body would

be too small to accommodate the apparatus for

depositing the cdating. The coated layer could vary in
thickness from 0.01 micron to 100 microns or above.
When using a thermal spray means to deposit the
coating, the substrate should preferably be able to
absorb thermal expansion and mechanical stress.
Suitable substrate materials for use in this invention
include but are not limited to lead, copper, aluminum,
zinec, iron, nickel, and cobalt or alloys thereof as
well as fibers and polymeric materials. Suitable
hollow body material for use in this invention are
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15 NAY 1999 cong|395 of a fluid-cooled barrel having a small inner

di ameter of about one inch. GEneraIIy a m xture of oxygen and acetylene is
fed into the gun al ong with a comminut ed coating material. The
oxygen-acetyl ene fuel gas mixture is ignited to produce a detonation wave
which travels down the barrel of the gun were it heats the coating

mat eri al and propels the coating naterial out of the gun onto an article to
be coated. U S. Pat. '
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steel, nickel, cobalt, titanium, copper,éluminum and
alloys thereof, carbon-carbon composites, fiber
reinforced composites, polymeric materials or any other
material. The coating composition for use in this
invention is any composition that will provide a coated
layer for use in a specific environment. Some '
applications may require a wear resistant coated layer,
a hard coated layer, a coated layer inert to a specific
environment or a combination of two or more of these
characteristics. Thus the coating composition can
include any conventional type of coating material.
Examples of suitable coating compositions for use with
this invention would include tungsten carbide,'nickel
base coating, tungsten carbide-cobalt chromium,
tungsten carbide-nickel chromium, chromium-nickel,
aluminum oxide, chromium'carbide-nickel chromium,
chromium carbide-cobalt chromium, tungsten-titanium
carbide-nickel, cobalt alloys, oxide dispersion in
cobalt alloys, alumina-titania, copper based alloys,
chromium based alloys, chromium oxide, chromium oxide
plus aluminum oxide, titanium oxide, titanium plus
aluminum: oxide, iron based-alloys, oxide dispersed in
iron based-alloys, nickel, nickel based alloys, and the
like. These coating materials are ideally suited for
coating internal surfaces of hollow.bodies made of
materials such as titanium, steel, aluminum nickel,
cobalt, alloys therecf and the like.

Brief Description of the Drawings
Figure 1 is a cross-sectional view of a solid

cylinder. :
Figure 2 is a cross-sectional view of the cylinder
of Figure 1 being coated with a first layer.
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No. 2,714,563 8(%3738e5 a nethod and appar at us mhich'utiJiZES detonati on
waves for flame coating. Usimng a detonation neans with suitable coating
materi al s can produce coatings having various characteristics, such as
e osi on resistant coatings, hard coatings and the like. Simlar to plasna
coating techni ques, the detonation coati-ng t-echni ques require a barrel for
the conbustible gases and generally for optinal coating applications, the
angle of the axis of the existing gases to the substrate surface shoul d be
mai nt ai ned substantially perpendicular. For sinple surfaces of revolution,
this requirenent is net by nerely rotating
Figure 3 is a cross-sectional view of the coated
cylinder of Figure 2 being coated with a second layer.
Figure 4 is an exploded cross-sectional view of
'the coated cylinder of Figure 3 aligned with a hollow
cylinder.
Figure 5 is a cross- sectlonal view of the coated
cylinder of Figure 3 assembled within the hollow
cylinder shown in Figure 4.
Figure 6 is a cross-sectional view of the hollow
cylinder shown in Figure 4, having an internally
applied coated layer. '
, Referring to Figures'l and 2, a solid cylinder
(substrate) 2 having an external surface 4 is shown
receiving a first coated layer 6 from a conventional
plasma spray torch 8. The cylinder 2 is rotated while
the thermal spray torch is moved back and forth along
the length of cylinder 2. After depositing the first
¢ layer 6, Figure 3 shows the plasma spray torch 8 '
depositing a second layer 10 on top of first layer 6.
Thus the coated layer comprises first layer 6 and
second layer 10. Figure 4 shows the coated cylinder 2
axially aligned with a hollow cylinder 12. In this
embodiment, the outer diameter X of coated cylinder 2
is slightly larger than the inner diameter Y of hollow
cylinder 12. As- also shown in Figure 4, héating means
14 is activated to heat hollow cylinder 12 so that it
will expand to increase its internal diameter Y to at
least the dimension of the outer diameter X of cylinder
2 and preferably, to a dimension slightly larger than
outer diameter X. While in the heated condition,
coated cylinder 2 is inserted into heated hollow
cylinder 12 as shown by the arrows whereupon the hollow
cylinder 12 then cools so that its inner surface 13
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.the _.obj ect amPﬁﬁﬁﬂ%ﬂ]the barrel of the gun at a constant rate along a
straight line. For smal;l holl ow bodies, the requiréments for achieving
an optimal coating are particularly difficult to achi eve. For exanple, it
«is difficult to coat the internal surface of a small dianeter cylinder
since the plasma torch or barrel of the_ dgtonation gun could be too |arge
to be projected into the snmall dianmeter cylinder. The difficulty is due in
| arge part to the size of the plasma torch or barrel of the detonation gun
with reference to the internal volune of a hollow body. To coat the
internal surface of a small dianmeter '

contacts the outer surface 11 of the coated layer 10,
as shown in Figure 5. The solid cylinder 2 is then
removed by mechanical or other means to leave the
coated laYers 6 and 10 secured to the inner surface 13
of hollow cylinder 12 as shown in Figure 6. Thus,
using the process of this invention; a hollow cylinder
can be givén an internal coated layer.

EXAMPLE

A 50mm outer diameter solid cylinder was coated
with a first layer of tungsten carbide-cobalt measuring
0.2mm thick using a detonation gun. This was followed
-by a second coated layer of nickel-aluminum to a
thickness of 0.3mm using a plasma process. A steel
tube was machined to produce a hollow cylinder
measuring 100mm outer diameter, 56.4mm inner diameter
by 15mm in length. This steel tube was heated to
expand thereby increasing its inner diameter and then
the coated cylinder was inserted into the steel tube.
At room temperature, the internal diameter of the steel
tube contracted thereby securing the coated solid
cylinder in the steel tube. By a mechanical turning
operation, the 50mm solid cylinder was removed from the
steel tube leaving the coated layer secured to the
inner surface of the steel tube.

While this invention has been described with
reference to certain specific embodiments it will be
recognized by those skilled in the art that many

" variations are possible without departing from the
scope and spirit of the invention, and that the
invention, as described by the claims, is intended to
cover all changes and modifications of the invention
which do not depart from the spirit of the invention.
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For example, in many applications the substrate would
preferably be a hollow body, such as a hollow cylinder.
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centrltugal cag? aﬁYoy techni,ques. However, these techni ques may not be
suitabl e for producing hard: coatings on the internal surface of snal
di anet er cylinders. It is an object of the present invention to
sprovide a preecess—forthermal coating the internal surface of a hollow

i

WHAT IS CLAIMED:

1. A process for coating the internal surface of
a hollow body comprising the steps:

(a) preparing a hollow body for receiving on at
least a portion of its internal surface a coating;

(b) preparing a substrate having at least a
portion of its external surface shaped to correspond to
the internal surface of the hollow body to be coated;

(c) depositing on at least a portion of the
external surface of the substrate at least one layer of
a coating to a desired thickness and composition;

(d) inserting the coated substrate into the
hollow body so that the coated surface of the substrate
contacts the internal surface of the hollow body; and

(e) removing the substrate from the hollow body
while leaving the at least one layer of_coéting in
contact with the internal surface of the hollow body
thereby providing said hollow body with an intermnal
coating.

2. The process of claim 1 wherein in step (d)
the hollow body is heated to expand the internal
surface of said hollow body and then inserting the
coated substrate into the hollow body while it is still
heated.

3. The process of claim 2 wherein the dimension
of the external surface of the coated substrate is at
least equal to the dimension of the internal surface of
the hollow body to be coated.
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provide a proc%E%G?%? thermal coating the internal surface of a snall
di aneter cylinder using pllasma or detonation gun or other thermal spray
techni ques, electrolytic, electroless, physical vapor deposition (PVD),

«cheni cal” vapor—depesition (CVD), high velocity oxy-fuel (HVOF) or any ot her
conventi ni It is anotheyy abj ect of the present invention -
to proviaaﬂg i

- surface o

{ ue.
” %ﬁlu d cost effective process of coating the internal
* dg sing plasma or detonation gun techni ques.
Furt her objects wll becone evident fromthe drawi ngs and in the
description of the invention that ’
4. The process of claim 1 wherein the hollow
body is a cylinder and the external surface of the
substrate is a cylinder.

5. The process of claim 4 wherein in step (d)
the hollow body is heated to expand the hollow body and
thereby expand the internal surface of said hollow body
and then inserting the coated substrate into the hollow

" body while it is still heated.

6. The process of claim 5 wherein the dimension
of the external surface of the coated substrate is at
-least equal to the dimension of the internal surface of
the hollow body to be coated.

7. The process of claim 1 wherein the hollow
. body is made of a material selected from the group
consisting of steel, nickel, bobalt, titanium, copper,
aluminum and alloys thereof.

8. The process of claim 1 wherein the substrate
is madesof a material selected from the group
consisting of steel, zinc, aluminum, copper, lead,
iron, nickel, cobalt, titanium and alloYs thereof,
carbon-carbon composites, fiber reinforced composites
and polymeric materials.

9. The process of claim 1 wherein in step (c)
the means for depositing the coating is selected from
the group consisting of plasma spray means, detonation
gun means, electrolytic means, electroless means,
physical vapor deposition means, chemical vapor _
deposition means and high velocity oxy-fuel means.
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folloms . Sunnary of the Invention The invention relates to a process

for coating the internal syrface ofi-a” hoTIOM/body conprising the steps:
(a) preparing a hollow body for receiving on at |east a portion of its
-i.nternal surface a coating; (b) preparing a substrate having at | east
a portion of its external surface shapediBo-correspond to the internal
surface of the hollow body to be coat ed; (c) depositing on at | east
the portion of the : '

PROCESS FOR COATING THE
INTERNAL, SURFACES OF HOLLOW BODIES

ABSTRACT

- A process of coating the intermnal surface of a
hollow body by depositing a coating on a substrate
having an external surface similar to the internal
surface of the hollow body; inserting the coated
substrate to mate within and contact the internal
surface of the hollow body; and then removing the
substrate while leaving the coaﬁing secured to the
internal surface of the hollow body.
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external ,surface of the substrate a coating of .a desired thickness and
composi tion; ) N T
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-4- ; (d) inserting the coated substrate into the hol | ow body so
that the coated surface of the substrate faces the intetnal surface of the
.ol | ow body; and (e) renoving the substrate fromthe hol | ow body
Wii l e | eaving the layer of coating in contact with the internal surface of
the hol | ow body thereby pr.oviding
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PROCESS FOR COATING THE

Field of the Invention

7 _ _ _ apoi390-4 Iro*
sai d hol | ow body with an internal coating. In accordance with this
invention, the substrate could be renoved fromthe-holl-ow body by chéi.cal™;

.or..any.other suitable neans\/The external dhnen3|on Qf :
tal | ySBe equal to or slightly.}ess. t han phe lnterqals
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senatied. | ayer xxan v dependlng on tﬁe :
par tilgub-ar, .envi r onmenti t hat- theti nt er nal coated body ‘W | | ~be tséd"i i

the exterqal

The present invention relates to the coating of
the internal surfaces of hollow bodies such as small

diameter cylinders.

Background of the Invention

In plasma spray coating technology, coatings are
applied by injecting a pbwder into a plasma stream
where they are heated, accelerated and then impinging
the stream upon a surface, the point at which the
stream impinges upon the surface or the impingement
point, is moved over the surface, by moving the torch
body and/or the object. In order to achieve an optimal
coating, the angle of the axis of the plasma stream to
the substrate surface at the moving impingement point
should be maintained perpendicular. In addition, the
standoff, the distance befween the nozzle of the torch
and the impingement point should be maintained
substantially constant as the impingement point moves
over the surface. An additional requirement for an
optimal coating is that the impingement point move
across the surface at a substantially constant rate.
For simple surfaces of revolution, such as cylinders,
conical sections, and annular surfaces, these

' requirements are met by merely rotating the object and
moving the torch at a constant rate along a straight

line.

Flame plating by means of detonation using a
detonating gun (D-Gun) has been used in industry to
produce coatings of various compositions for over a
quarter of a century. Basically, the detonationgggn
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t he external dinension of a substrate where a thinner coated |ayer is

‘desired. In accordance with this invention, a coated H—C-ORpF
one or nore |layers of the same conposition or differe lﬂﬁdﬁﬂﬂ“ﬁNT'SHEET
conposi tions. The substrate for use in this invepntyon can be a
material that could be renoved fromthe hol | ow body by |meqgayoyabes cHen
or thermal neans w t hout damagi ng the c@at-ed | ayer and {t he hol |l ow6b gy.
exanpl e when using |l ead or wax as the substrate, the |as'serbled—uri-t—dar

heated to a tenperature sufficient to nelt the substrfate whil e not

S €
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affecting the holl ow body or the

consists of a fluid-cooled barrel having a small inner
diameter of about one inch. Generally a mixture of
oxygen and acetylene is fed into the gun along with a
comminuted coating material. The oxygen-acetylene fuel
gas mixture is ignited to produce.a detonation wave
which travels down the barrel of the gun where it heats
the coating material and propels the coating material
out of the gun onto an article to be coated. U.S. Pat.
No. 2,714,563 discloses a method and apparatus which
utilizes detonation waves for flame coating. Using a
detonation means with suitable coating materials can
produce coatings having various characteristics, such
as erosion resistant coatings, hard coatings and the
like. Similar to plasma coating techniques, the
detonation coating techniques require a barrel for the
combustible gases and generally for optimal coating
‘applications, the angle of the axis of the existing
gases to the substrate surface should be maintained
substantially perpendicular. For simple surfaces of
revolution, this requirement is met by merely rotating
the object and moving the barrel of the gun at a
constant - rate along a straight line.

For small hollow bodies, the requirements for
achieving an optimal coating are particularly difficult
to achieve. For example, it is difficult to coat the
internal surface of a small diameter cylinder since the
plasma torch or barrel of the detonation gun could be
too large to be projected into the small diameter
cylinder. The difficulty is due in large part to the
size of the plasma torch or barrel of the detonation
gun with reference to the internal volume of a hollow
body. To coat the internal'surface of a small diameter
cylinder, one has to resort to electrolytic plating or
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coated | ayer. Wen using a substrate having a higher nelting point than the
¢oating or hollow body, the substrate could be renoved chanically by
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centrifugal cast alloy techniques. However, these
techniques may not be suitable for producing hard
coatings on the internal surface of small diameter
cylinders.

It is an object of the present invention to
provide a process for thermal coating the internal
surface of a hollow body.

It is another object of the present invention to
provide a process for thermal coating the internal
surface of a small diameter cylinder using plasma or
detonation gun or other thermal spray techniques,
electrolytic, electroless, physical vapor deposition
(PVD) , chemical vapor deposition (CVD), high velocity
oxy-fuel (HVOF) or any other conventional technique.

It is another object of the present invention to
provide an efficient and cost effective process of
coating the intermal surface of a hollow body using
plasma or detonation gun techhiques.

Further objects will become evident from the
drawings and in the description of the invention that
follows.

Summary of the Invention

The invention relates to a process for coating the
internal surface of a hollow body comprising the steps:

(2) preparing a hollow body for receiving on at
least a portion of its internal surface a coating;

(b) preparing a substrate having at least a
portion of its external surface shaped to correspond to
the internal surface of the hollow body to be coated;

(c)  depositing on at least the portion of the
external surféce of the substrate a coating of a
desired thickness and composition;
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-5 sone other'technique( It is also possible to renove
«chem cal means in which the substrate could be dissolved ou

body wi t hout affecting the coated |layer. Accordingly, the 2
hol | ow body and the coated |ayer will determ ne what materifal{ t
for the substrate. _ ?6%\}]?&9%

(d) inserting the coated substrate into the
hollow body so that the coated surface of the substrate
faces the internal surface of the hollow body; and

(e) removing the substrate from the hollow body
while leaving the layer of coating in contact with the
internal surface of the hollow body thereby providing
said hollow body with an internal coating.

In accordance with this invention, the substrate
could be removed from the hollow body by chemical,
thermal, mechanical or any other suitable means. The
external dimension of the substrate will generally be
equal to or slightly less than the internal dimension
of the hollow body so that it can be inserted into the
hollow body. The thickness of the coated layer can
vary depending on the particular environment that the
internal coated body will be used in. For a thicker
coated layer, within a fixed sized hollow body, the
external dimension of the substrate will be less than
the external dimension of a substrate where a thinner
coated layer is desired. 1In accordance with this
invention, a coated layer could comprise one or more
layers of the same composition or different coating
compositions. ‘

The substrate for use in this invention can be any
material that could be removed from the hollow body by
mechanical, chemical or thermal means without damaging
the coated layer and the hollow body. For example when
using lead or wax as the substrate, the assembled unit
can be heated to a temperature sufficient to melt the
substrate while not affecting the hollow body or the
coated layer. When using a substrate having a higher
melting point than the coating or hollow body, the
substrate could be removed mechanically'by drilling or
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Although it is generally preferable to have the external dinension of the
‘coated substrate equal to or slightly less than the interna LLmensi on of
t he hol | ow body, the external dinension of the coated subst

greater than the internal dinension of the hollow body. In freyerely
the hol | ow body coul d be heated to expand.and then the coatjeq substrate

could be inserted into the heated hol | ow Boay. Upon cooling, {th iNQ\énqggl
surface of the hollow body will contract and adhere to theft surface of
the coated | ayer. The substrate would then be renoved | eaving an 1 nter

coated hol |l ow body. The preferred holl ow body for use :

some other technique. It is also possible to remove
the substrate by chemical means in which the substrate
could be dissolved out of the hollow body without
affecting the coated layer. Accordingly, the material
of the hollow body and the coated layer will determine
what material to be used for the substrate.

Although it is generally preferable to have the
external dimension of the coated substrate equal to or
slightly less than the internal dimension of the hollow
body, the external dimension of the coated substrate
could be greater than the internal dimension of the
hollow body. In this embodiment, the hollow body could
be heated to expand and then the coated substrate could
be inserted into the heated hollow body. Upon cooling,
the internal surface of the hollow body will contract
and adhere to the top surface of the coated layer. The
substrate would then be removed leaving an internally
coated hollow body. The preferred hollow body for use
in this invention is a cylinder in which the length is
Qreater than the diameter and in some applications the
internal surface could have an irregular contour.
Generally, the internal volume of the hollow body would -
be too small to accommodate the apparatﬁs for
depositing the coating. The coated layer could vary'in
thickness from 0.01 micron to 100 microns or above.

When using a thermal spray means to deposit the
coating, the substrate should preferably be able to

. absorb thermal expansion and mechanical stress.
Suitable substrate materials for use in this invention
include but are not limited to lead, copper, aluminum,
zinc, iron, nickel, and cobalt or alloys thereof.as
well as fibers and polymeric materials. Suitable
hollow body material for use in this invention are
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in this invention is a cylinder in which the length is gre
‘dianeter and in sone applications the internal surface coullt NT'&E; ]
irregul ar contour. Generally, the internal volume of the h¢l fow body wot

be too small to acconmpdate the apparatus for depositing the{cd®s Ngg.19 gue
coated layer could vary in thickness f+o8n9.01 mcron to 1Pp0Of mcrons 0O
above. When using a thernal spray neans to deposit thef co
substrate should preferably be able to absorb thermal exp
mechani cal stress. Suitable substrate materials for use in this 1nv
I nclude but are not limted to | ead, copper, alum num

steel, nickel, cobalt, titanium, copper,aluminum and
alloys thereof, carbon-carbon composites, fiber
reinforced composites, polymeric materials or any other
material. The coating composition for use in this
invention is any composition that will provide a coated
layer for use in a specific environment. Some
applications may require a wear resistant coated layer,
a hard coated layer, a coated layer inert to a specific
environment or a combination of two or more of these
characteristics. Thus the coating composition can
include any conventional type of coating material.
Examples of suitable coating compositions for use with
this invention would include tungsten carbide, nickel
base coating, tungsten carbide-cobalt chromium,
tungsten carbide-nickel chromium, chromium-nickel,
aluminum oxide, chromium carbide-nickel chromium,
chromium carbide-cobalt chromium, tungsten-titanium
carbide-nickel, cobalt alloys, oxide dispersion in
cobalt alloys, alumina-titania, copper based alloys,
chromium based alloys, chromium oxide, chromium oxide
plus aluminum oxide, titanium oxide, titanium plus
aluminum- oxide, iron based-alloys, oxide dispersed in
iron based-alloys, nickel, nickel based alloYs, and the
like. These coating materials are ideally suited for
coating internal surfaces of hollow.bodies made of
materials such as titanium, steel, aluminum nickel,
cobalt, alloys thereof and the like.

Brief Description of the Drawings

Figure 1 is a cross-sectional view of a solid
cylinder. '

Figure 2 is a cross-sectional view of the cylinder
of Figure 1 being coated with a first layer.
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Figure 3 is a cross-sectional view of the coated
'cylinder of Figure 2 being coated with a second layer.

Figure 4 is an exploded cross-sectional view of
the coated cylinder of Figure 3 aligned with a hollow
cylinder.

Figure 5 is a cross-sectional view of the coated
cylinder of Figure 3 assembled within the hollow
cylinder shown in Figure 4. '

Figure 6 is a cross-sectional view of the hollow
cylinder shown in Figure 4, having an intermally
applied coated layer. '

Referring to Figures 1 and 2, a éolid-cylinder
(substrate) 2 having an external surface 4 is shown
receiving a first coated layer 6 from a conventional
plasma spray torch 8. The cylinder 2 is rotated while
the thermal spray tbrch is moved back and forth along
the length of cylinder 2. After depositing the first
layer 6, Figure 3 shows the plasma spray torch 8

. depositing a second layer 10 on top of first layer 6.
Thus the coated layer comprises first layer 6 and
second layer 10. Figure 4 shows the coated cylinder 2
axially aligned with a hollow cylinder 12. 1In this
embodiment, the outer diameter X of coated cylinder 2
is slightly larger than the inner diameter Y of hollow
cylinder 12. As also shown in Figure 4, heating means
14 is activated to heat hollow cylinder 12 so that it
will expand to increase its internal diameter Y to at
least the dimension of the outer diameter X of cylinder
2 and preferably, to a dimension slightly larger than
outer diameter X. While in the heated condition,
coated cylinder 2 is inserted into heated hollow
cylinder 12 as shown by the arrows whereupon the hollow
cylinder 12 then cools so that its inner surface 13
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contacts the outer surface 11 of the coated layer 10,
as shown in Figure 5.  The solid cylindér 2 is then
removed by mechanical or other means to leave the
coated layers 6 and 10 secured to the inner surface 13
of hollow cylinder 12 as shown in Figure 6. Thus,
using the process of this invention, a hollow cylinder
can be given an internal coated layer.

EXAMPLE

A 50mm outer diameter solid cylinder was coated
with a first layer of tungsten carbide-cobalt measuring
0.2mm thick using a detonation gun. This was followed
by a second coated layer of nickel-aluminum to a
thickness of 0.3mm using a plasma process. A steel
tube was machined to produce a hollow cylinder
measuring 100mm outer diameter, 56.4mm inner diameter
by 15mm in length. This steel tube was heated to
expand thereby increasing its inner diameter and then
the coated cylinder was inserted into the steel tube.
At room temperature, the internal diameter of the steel
tube contracted thereby securing the coated solid
cylinder in the steel tube. By a mechanical turning
operation, the 50mm solid cylinder was removed from the
steel tube leaving the coated layer secured to the
inner surface of the steel tﬁbe.

While this invention has been described with
reference to certain specific embodiments it will be
recognized by those skilled in the art that many

" variations are possible without departing from the
scope and spirit of the invention, and that the
invention, as described by the claims, is intended to
cover all changes and modifications of the invention
which do not depart from the spirit of the invention.
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applications may require a wear resistant coated | ayer, a
‘l'ayer, a coated |ayer inert to a specific environnent or a
two or nore of these characteristics. Thus the coating conpoi
i ncl ude any conventional type of coating material. Exanpl :Jof suita

coating conpositions for use with this invention would i ngl de16mﬂnsq
car bi de, nickel base coating, tungsten carbide-cobalt chr
car bi de- ni ckel chrom um chrom um ni ckel 9 al um num oxi de,
car bi de-ni ckel chrom um chrom um car bi de-cobalt chromu
tungsten-titani um carbi de-nickel, cobalt alloys, oxide dispersion in

For example, in many applications the substrate would
preferably be a hollow body, such as a hollow cylinder.
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cobalt alloys, alumna-titania, copper based alloys, chrom um based all oys,
‘chrom um oxi de, chrom um oxi de plus alum num oxide, titanium oxide,
titanium plus alum ron based-alloys, oxide dispersed in iron
based-al | oys, nickel, nick Fmﬁased_alloys and the |ike.

material s are m“u“ or coating internal surface
‘made of nater nium steel, al um num nickel

t hereof and the Ier Brlef EEscripfiaﬂ 6f_the Dr awi ngs

WHAT IS CLAIMED:

1. A process for coating the internal surface of
a hollow body comprising the steps:

(a) preparing a hollow body for receiving on at
least a portion of its internal surface a coating;

(b) preparing a substrate having at least a
portion of its external surface shaped to correspond to
the internal surface of the hollow body to be coated;

(c) depositing on at least a portion of the
external surface of the substrate at least one layer of
a coating to a desired thickness and composition;
| (d) inserting the coated substrate into the
hollow body so that the coated surface of the substrate
contacts the internal surface of the hollow body; and
' (e) removing the substrate from the hollow body
while leaving the at least one layer of coating in
contact with the internal surface of the hollow body
thereby providing said hollow body with an internal
coating.

2. The process of claim 1 wherein in step (4)
the hollow body is heated to expand the internal
surface of said hollow body and then inserting the
coated substrate into the hollow body while it is still
heated.

3. The process of claim 2 wherein the dimension
of the external surface of the coated substrate is at
least equal to the dimension of the internal surface of
the hollow body to be coated.

T g



Figure 1 is a cross-sectional view of a solid cylinder. Figure 2 is a
cross-sectional view of the cylinder of Figure 1 being coated with a first

1T

4, | The process of claim 1 wherein the hollow
‘body is a cylinder and the external surface of the
substrate is a cylinder. '

5. The process of claim 4 wherein in step (d)
the hollow body is heated to expand the hollow body and
thereby expand the internal surface of said hollow body
and then inserting the coated substrate into the hollow
body while it is still heated.

6. The process of claim 5 wherein the dimension
of the external surface of the coated substrate is at
least equal to the dimension of the internal surface of
the hollow body to be coated.

7. The process of claim 1 wherein the hollow
body is made of a material selected from the group
consisting of steel, nickel, cobalt, titanium, copper,
aluminum and alloys thereof.

8. The process of claim 1 wherein the substrate
is made»of a material selected from the group
consistinq of steel, zinc, aluminum, copper, lead,
iron, nickel, cobalt, titanium and alloys thereof,
carbon-carbon composites, fiber reinforced composites
and polymeric materials.

9. The process of claim 1 wherein in step (c)
the means for depositing the coating is selected from
the group consisting of plasma spray means, detonation
gun means, electrolytic means, electroless means,
physical vapor deposition means, chemical vapor
deposition means and high velocity oxy-fuel means.
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7o Figure 3 is a cross-sectional view of the coated cylinder of
Figure 2 being coated with a second | ayer. Figure 4 is an expl oded
cross-sectional view of the coated cylinder of Figure 3 aligned with a

hol I ow cyl i nder. Figure 5 1's a cross-sectional view of yhep e»?;ﬁ”‘ﬂrﬁ
cylinder of FiJi I wi thin the hollow cylinder show tw;iﬁﬁﬁET
4. Fi gurelm[msmluimlmuml:t}l onal view of the hollow T
S LN s x - 12 - 16NOV 100

10. The process of claim 1 wherein in step (c¢)
detonation gun means are used to deposit the coating on
the substrate.

11. The process of claim 1 wherein in step (c)
plasma spray means are used to deposit the coating on
the substrate.

12. The process of claim 1 wherein in step (c)
high velocity oxy-fuel means are used to deposit the
coating on the substrate.

13. The process of claim 1 wherein in step (c)
the coating composition.is a tungsten based material.

14. The process of claim 1 wherein in step (e)
" the substrate is removed by mechanical means.

15. The process of claim 1 wherein in step (e)
the substrate is removed by chemical means.

'16. The process of claim 1 wherein in step (e)
the substrate is removed by thermal means.

—_—
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cyllnder shown in Figure 4, having an internally applied coated |ayer.

*DETAI LED DESCRI PTI ON OF DRAMVNGS Referring to Figufes 1 and 2, a
solid cylinder (substrate) 2 having an external surface 4y
receiving a first coated layer 6 froma conventional plas
The cylinder 2 is rotated while the thermal spray torch i
forth along the I ength of cylinder 2.'Aft§5 depositing th

PROCESS FOR COATING THE
INTERNAL SURFACES OF HOLLOW BODIES

ABSTRACT .

A process of coating the internal surface of a
hollow body by depositing a coating'on a substrate
having an external surface similar to the internal
surface of the hollow body; inserting the coated
substrate to mate within and contact the internal
surface of the hollow body; and then removing the
substrate while leaving the coaﬁing secured to the
internal surface of the hollow body.

FIGURE 5

\
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| ayer 6, Figure 3 shows the plasnma spray torch 8 depositing a second | ayer
*10 on top of first layer 6. Thus the coated |ayer conprises first |ayer 6
and second | ayer ‘10. Figure 4 shows the coated cylinder 2 axially aligned
with a hollow cylinder 12. In this enbodi ment, the outer dianeter X of -
coated cylinder 2 is slightly larger than-the inner dianeter Y of hollow

cylinder 12. As also shown in Figure 4, heating means 14 is activated to-
heat hollow cylinder 12 so that it will expand to increase i{p Y20 Ny
diameter Y to at least the dinension of the outer diameter X LA
and preferably, to a dinension slightly larger than
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outer dianmeter X. Wile in the heated condition, coated cylinder 2 is
-inserted into heated hollow cylinder 12 as shown by the arrows whereupon
the hollow cylinder 12 then cools so that its inner surface 13
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8- contacts the outer surface 11 of the coated | ayer 10, a
Figure 5. The solid cylinder 2 is then renoved by nechani cal
to leave the coated |ayers 6 and 10 secured to the inner surflac
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of hollow cylinder 12 as shown in Figure 6. Thus,
i nvention, a hollow cylinder can be given an internal

EXAMPLE A 50mm out er diameter solid cylinder was coated

using the process of this
coated | ayer.

| ayer of tungsten carbide-cobalt measuring 0.2nmm thick usi.ng
gun. This was followed by a second coated 4 ayer of ni ckel - al

t hi ckness of 0.3mm using a plasma process. A steel

produce a hol |l ow cyli nder
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REeasuring 100nm out er di aneter, 56. 4nn1|nner di anmeter by 15nmin | ength.
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and then the coated cyllnﬁer MaS erted inteo-the steel tube. At room
: ,tft e steel tube contracted thereby
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PROCESS FOR COATING THE
INTERNAL SURFACES OF HOLLOW BODIES

Field of the Invention
The present invention relates to the coating of -

the internal surfaces of hollow bodies such as small
diameter cylinders.

— _ Backg;oggd'of the Invention
.In plasma spray coating technology, coatings are
applied by injecting a powder into a plasma stream
where they are heated, accelerated and then impinging
the stream upon a surface, the point at which the
stream impinges upon the surface or the impingement
point, is moved over the surface, by moving the torch
body and/or the object. In order to achieve an optimal
coating, the angle of the axis of the plasma stream to
the substrate surface at the moving impingement'point
should be maintained perpendicular. In addition, the
standoff, the distance between the nozzle of the torch
U and the impingement point should be maintained
substantially constant as the impingement point moves
over the surface. An additional requirement for an
optimal coating is that the impingement point move
across the surface at a substantially constant rate.
For simple surfaces of revolution, such as cylinders,
conical sections, and annular surfaces, these
requirements are met by merely rotating the object and
moving the torch at a constant rate along a straight
line. _
'~ Flame plating by means of detonation using a
detonating gun (D-Gun) has been used in industry to
produce.coatings of various compositions for over a
quarter of a century.' Basically, the detonation gun
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consists of a fluid-cooled barrel having a smai&—iﬁnei;
diameter of about one inch.  Generally a mixture of
oxygen and'acetylene is fed into the gun along with a
comminuted coating material. The oxygen- acetylene fuel
gas mixture is ignited to produce a detonation wave
which travels down the barrel of the gun where it heats
the coating material and propels the coating material
out of the gun onto an article to be coated. U.S. Pat.
No. 2,714,563 discloses a method and apparatus which
utilizes detonation waves for flame coating. Using a
detonation means with suitable coating materials can
produce coatings having wvarious characteristics, such
as erosion resistant coatings, hard coatings and the
like. Similar to plasma coating techniques, the
detonation coating techniques require a barrel for the
combustible gases and generally for optimal coating
applications, the angle of the axis of the existing
gases to the substrate surface should be maintained
substantially perpendicular. For simple surfaces of
revolution, this requirement is met by merely rotating
the object and moving the barrel of the gun at a
constant - rate along a straight line.

For small hollow bodies, the requirements for
achieving an optimal coating are particularly difficult
to achieve. For example, it is difficult to coat the
‘internal surface of a small diameter cylinder since the
plasma torch or barrel of the detonation gun could be
too large to be projected into the small diameter |
cylinder. The difficulty is due in large part to the
size of the plasma torch or barrel of the detonatlon
'gun with reference to the internal volume of a hollow
body. To coat the internal surface of a small diameter
cylinder, one has to resort to electrolytic plating or
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-}_9-'L For exanple, in many applications the substrate would preferably be
a hol |l ow body, such as a holl ow cylinder. '
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centrifugal cast alloy techniques. However, these
techniques may not be suitable for producing hard
coatings on the internal surface of small diameter
cylinders. | _

It is an object of the present invention to
provide a process for thermal coating the internal
surface of a hollow body.

It is another object of the present invention to
provide a process for thermal coating the internal
surface of a small diameter cylinder using plasma or
detonation gun or other thermal spray techniques, '
electrolytic, electroless, physical vapor deposition
(PVD), chemical vapor deposition (CVD), high velocity
oxy-fuel (HVOF) or any other conventional technique.

It is another object of the present invention to
provide an efficient and cost effective procéss of
coating the internal surface of a hollow body using
plasma or detonation gun techniques.

Further objects will become evident from the
drawings and in the description of the invention that
o follows. |

N

Summary of the Invention

The invention relates to a process for coating the
internal surface of a hollow body comprising the steps:

(a) preparing a hollow body for receiving on at
least a portion of its internal surface a coating;

(b) preparing a substrate having at least a
portion of its external surface shaped to correspond to
the internal surface of the hollow body to be coated;

(c) depositing on at least the portion of the
external surface of the substrate a coating of a
desired thickness and composition;
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(d) 1inserting the coated substrate into the
hollow body so that the coated surface of the substrate
faces the internal surface of the hollow body; and

(e) removing the substrate from the hollow body
while leaving the layer of coating in contact with the
internal surface of the hollow body thereby providing
said hollow body with an intermal coating.

W, In accordance with this invention, the substrate
could be removed from the hollow body by chemical,
thermal, mechanical or any other suitable means. The
external dimension of the substrate will generally be
equal to or slightly less than the internal dimension
of the hollow body so that it can be inserted into the
hollow body. The thickness of the coated layer can
vary depending on the particular environment that the
internal coated body will be used in. For a thicker
coated layer, within a fixed sized hollow body, the
external dimension of the substrate will be less than
‘the external dimension of a substrate where a thinner
coated layer is desired. In accordance with this

k~/ invention, a coated layer could comprise one or more
layers of the same composition or different coating
compositions.

The substrate for use in this invention can be any
material that could be removed from the hollow body by
mechanical, chemical or thermal means without damaging
the coated layer and the hollow body. For example when
using lead or wax as the substrate, the assembled unit
can be heated to a temperature-sufficient to melt the
substrate while not affecting the hollow body or the
coated layer. When using a substrate having a higher
melting point than the céating or hollow body, the
substrate could be removed mechanically by drilling or
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s for coating the internal surface of a'hoIIOM/bbdy conpri sing
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portion of its internal surface a coating; (b) prepari rate
having at |east a portion of its external surf: ) spond to
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‘some other technique. It is also possible to remove

the substrate by chemical means in which the substrate
could be dissolved out of the hollow body without
affecting the coated layer. Accordingly, the material
of the hollow body and the coated layer will determine
what material to be used for the substrate.

Although it is generally preferable to have the

: external dimension of the coated substrate equal to or

slightly less than the internal dimension of the hollow
body, the external dimension of the coated substrate
could be greater than the internal dimension of the
hollow body. In this embodiment, the hollow body could

be heated to expand and then the coated substrate could

be inserted into the heated hollow body. Upon cooling,
the internal surface of the hollow body will contract
and adhere to the top surface of the coated layer. The
substrate would then be removed leaving an internally
coated hollow body. The preferred hollow body for use
in this invention is a cylinder in which the length is
greater than the diameter and in some applications the
internal surface could have an irregular contour.
Generally, the internal volume of the hollow body would
be too small to accommodate the apparatus for
depositing the coating. The coated layer could vary in
thickness from 0.01 micron to 100 microns or above.
When using a thermal spray means to deposit the
coating, the substrate should preferably be able to
absorb thermal expansion and mechanical stress.
Suitable substrate materials for use in this invention
include but are not limited to lead, copper, aluminum,
zinc, iron, nickel, and cobalt or alloys thereof.as
well as fibers and polymeric materials. Suitable
hollow body material for use in this invention are
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coated substrate into the hollow body while i s stil

steel, nickel, cobalt, titanium, copper,aluminum and
alloys thereof, carbon-carbon composites, fiber
reinforced composites, polymeric materials or any other
material. The coating composition for use in this
invention is any composition that will provide a coated
layer for use in a specific environment. Some
applications may require a wear resistant coated layer,
a hard coated layer, a coated layer inert to a specific
environment or a combination of two or more of these
characteristics. Thus the coating composition can
include any conventional type of coating material.
Examples of suitable coating compositions for use with
this invention would include tungsten carbide, nickel
base coating, tungsten carbide-cobalt chromium,
tungsten carbide-nickel chromium, chromium-nickel,
aluminum oxide, chromium carbide-nickel chromium,
chromium carbide-cobalt chromium, tungsten-titanium
éarbide-nickel, cobalt alloys, oxide dispersion in
cobalt alloys, alumina-titania, copper based alloys,
chromium based alloys, chroﬁium oxide, chromium oxide
plus aluminum oxide, titanium oxide, titanium plus
aluminum. oxide, iron based-alloys, oxide dispersed in
iron based-alloys, nickel, nickel based alloys, and the
like. These coating materials are ideally suited for
coating internal surfaces of hollow bodies made of
materials such as titanium, steel, aluminum nickel,
cobalt, alloys thereof and the like.

Brief Description of the Drawings
Figure 1 is a cross-sectional view of a solid

cylinder.
Figure 2 is a cross-sectional view of the cylinder
of Figure 1 being coated with a first layer.
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Figure 3 is a cross-sectional view of the coated
cylinder of Figure 2 being coated with a second layer.

Figure 4 is an exploded cross-sectional view of
the coated cylinder of Figure 3 aligned with a hollow
cylinder. '

Figure 5 is a cross-sectional view of the coated
cylinder of Figure 3 assembled within the hollow
cylinder shown in Figure 4.

Figure 6 is a cross-sectional view of the hollow
cylinder shown in Figure 4, having an intermnally
applied coated layer.

DETAILED DESCRIPTION OF DRAWINGS

Referring to Figures 1 and 2, a solid cylinder
(substrate) 2 having an external surface 4 is shown
receiving a first coated layer 6 from a conventional
plasma spray torch 8. The cylinder 2 is rotated while
the thermal spray torch is moved back and forth along
the length of cylinder 2. After depositing the first
layer 6, Figure 3 shows the plasma spray torch 8
depositing a second layer 10 on top of first layer 6.
Thus the coated layer comprises first layer 6 and

_ second layer 10. Figure 4 shows the coated cylinder 2

K.) axially aligned with a hollow cylinder 12. 1In this
embodiment, the outer diameter X of coated cylinder 2
is slightly larger than the inner diameter Y of hollow
cylinder 12. As also shown in Figure 4, heating means
14 is activated to heat hollow cylinder 12 so that it
will expand to increase its internal diametexr Y to at
least the dimension of the outer diameter X of cylinder
2 and preferably, to a dimension slightly larger than
outer diameter X. While in the heated condition,
" coated cylinder 2 is inserted into heated hollow
cylinder 12 as shown by the arrows whereupon the hollow
cylinder 12 then cools so that its inner surface 13
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contacts the outer surface 11 of the coated layer 10,
as shown in Figure 5. The solid cylinder 2 is then
removed by mechanical or other means to leave the
coated layers 6 and 10 secured to the inner surface 13
of hollow cylinder 12 as shown in Figure 6. -Thus,
using the process of this invention, a hollow cylinder
can be given an internal coated layer.

EXAMPLE

.A 50mm outer diameter solid cylinder was coated
with a first layer of tungsten carbide-cobalt measuring
0.2mm thick using a detonation gun. This was followed
by a second coated layer of nickel-aluminum to a
thickness of 0.3mm using a plasma process. A steel
tube was machined to produce a hollow cylinder
measuring 100mm outer diameter, 56.4mm inner diameter
by 15mm in length. This steel tube was heated to
expand thereby increasing its inner diameter and then
the coated cylinder was inserted into the steel tube.
At room temperature, the internal diameter of the steel
tube contracted thereby securing the coated solid
cylinder in the steel tube. By a mechanical turning

operation, the SOmm solid cylinder was removed from the

steel tube leaving the coated layer secured to the .-
inner surface of the steel tube. '

While this invention has been described with
reference to certain specific embodiments it will be
recognized by those skilled in the art that many

' variations are possible without departing from the

scope and spirit of the. invention, and that the

invention, as described by the claims, is intended to
cover all changes and modifications of the invention
which do not depart from the spirit of the invention.
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cyl i nder. 5. The process of claim4 wherein in stdﬁEMﬁEﬁmﬁeSHEg _
hol | ow body is heated to expand the holl ow body and t her eby expand the
internal surface of said holl ow body and then inserting the coated
substrate into the hollow body while it is still

process of claimb5 wherein the di nension : ﬁ%LZtEMENT SHEEﬁ
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For example, in many applications the substrate would
preferably be a hollow body, such as a hollow cylinder.



of the external surface of the coated substrate is at . |east equal to the
di nensi on of the internal surface of t he hol |l ow body to be coat ed.

7. The process of claim1 wherein the hollow body is mad&PbACEMEMT SHEET
selected fromthe group consisting of steel, nickel, cobalt, titanium
copper, alum num and alloys thereof - 10 - 8. The process of claiml
wherein the suWeRATAaS CLAIMED: | | |

1. A process for coating the intermal surface of
a hollow body ccmprising the steps:

(a) preparing a hollow body for receiving on at
least a portion of its internal surface a coating;

(0) preparing a substrate having at least a
portion of its external surface shaped to correspond to
the internal surface of the hollow body to be coated;

(c) depositing on at least a portion of the
external surface of the substrate at least one layer of
a coating to a desired thickness and composition;

\o/ (d) inserting the coated substrate into the
hollow body so that the coated surface of the substrate
contacts the internal surface of the hollow body; and

(e) removing the substrate from the hollow body
by means selected from the group consisting of
mechanical means, thermal means and chemical means while
leaving the at least one layer of coating in contact
with' the internal surface of the hollow body thereby-
providing said hollow body with an internal d¢ating.

2. The process of claim 1 wherein in step (4d)
the hollow body is heated to expand the internal
o surface of said hollow body and then inserting the
~— coated substrate into the hollow.body while it is still
heated.

3. The process of claim 2 wherein the dimension
of the external surface of the coated substrate is at
least equal to the dimension of the internal surface of
the hollow body to be coated.

— REPLACEMENT SHEET
| .




i s made of a material selected fromthe group consisting of st eeREPIAGEMENT SHEE
al um num copper, lead, iron, nickel, cobalt, titaniumand alloys thereof,

car bon-carbon conposites, fiber reinforced conposites
materi al . - rocess of claim1 wherein Rﬁyﬂkﬁﬁwﬁmﬂ'smﬁﬁT
means for coating is selected from thelg - rstinp pf

| o
pl asma sprm mgmg”ﬁﬁmmn gun neans, electrolytig¢ rol eks
means, prsﬂca L 8 : .§H§MA§L®@§

gition meansllchem cal vapor

4. The process of claim 1 wherein the hollow
body is a cylinder and the external surface of the

substrate is a cylinder.

5. The process of claim 4 wherein in step (4)
the hollow body-is heated to expand the hollow body and
thereby expand the internal surface of said hollow body
and then inserting the coated substrate into the hollow
body while it is still heated.

6. The process of claim 5 wherein the dimension
- 0of the external surface of the coated substrate is at
least equal to the dimension of the internal surface of
the hollow body to be coated.

7. The process of claim 1 wherein the hollow
body is made of a material selected from the group
consisting of steel, nickel, cobalt, titanium, ‘copper,
aluminum and alloys thereof.

o 8. The process of claim 1 wherein the substrate
is made>of a material selected from the group
consisting of steel, zinc, aluminum, copper, lead,
iron, nickel, cobalt, titanium and alloys thereof,
carbon-carbon composites, fiber reinforced composites

and polymeric materials.

9. The process of claim 1 wherein in step (c)
the means for depositing the coating is selected from
the group consisting of plasma spray means, detonation
gun means, electrolytic means, electroless means,
physical vapor deposition means, chemical vapor
deposition means and high velocity oxy-fuel means.



depésition nmeans and hi gh velocity oxy-f uel means. REPLACEMENT SHEET
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10. The process of claim 1 wherein in step (c¢)
detonation gun means are used to deposit the coating on
the substrate. '

. 11. The process of claim 1 wherein in step (c)
plasma spray means are used to deposit the coating on
the substrate.

o '
~12. The process of claim 1 wherein in step (c)
high velocity oxy-fuel means are used to deposit the
coating on the substrate. '
13. The process of claim 1 wherein in step (c)
the coating composition. is a tungsten based material.
14. The process of claim 1 wherein in step (e)
" the substrate is removed by mechanical means.
15. The process of claim 1 wherein in step (e)
the substrate is removed by chemical means.
O

16. The process of claim 1 wherein in step (e)
the substrate is removed by thermal means.



10. The process of claim1 wherein'in step (c) detonatlon gun neans are
used to deposit the coating on the:substrate. 11. The prBEBls:%CEiMENTSHEEr

claiml1l wherein in step (c)

REPLACEMENT SHEET
15 MAY 1999
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PROCESS FOR COATING THE
INTERNAL SURFACES OF HOLLOW BODIES

ABSTRACT
A process of coating the internal surface of a

hollow body by depositing a coating on a substrate
having an external surface similar to the internal
surface of the hollow body; inserting the coated
substrate to mate within and contact the internal
surface of the hollow body; and then removing the
substrate while leaving the coating secured to the
internal surface of the hollow body.

. FIGURE 4



pl asma spray means are used to deposit the coating on the sub
t2. The process of claim 1 wherein:i'n-step'{c) high velocity
are used to deposit the coating on the substrate.
claiml1 wherein in step (c) the coating conposition

mat-eri al .

-1 -

kb Ol CRYENTSHEET
13. The process of
s a tungsten based
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14. The process of claiml1 wherein in step (e) the substrat qJ\EP&ACEMEN'&@'@F
nmechani cal neans. 15. The process of claiml1l wherein in step (e) the
substrate is renoved by chem cal neans. - 16. The process of claim1l
wherein in step (e) the substrate is renoved by thermal neans.
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