ELECTRCDEPCSITED.CCNPCSITE COATINGS This invention relates to
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ELECTRODEPOSITED COMPOSITE COATINGS

This invention relates to electrodeposited composite
coatings, coatings which of
electrolytically or electrolessly plated metal matrix
with included particles which are codeposited with the

i.e.: consist an

The particles are suspended in the electrolyte

containing’ the metal ions for +the matrix and are
substantially insoluble in the electrolyte and, during
the plating operation, become included in the platéd
matrix. - |

The coatings may be applied to a variety of
components subjected to such aero-engine

wear . as

components, particularly those 1likely to operate at
elevated temperatures, bearing surfaces, rocket nozzles,
The

coatings may be applied to the whole component but more

and tubes and nozzles carrying abrasive substances.

frequently they will be applied to only a portion of its
surface. The electrodeposition technique is particularly
suitable to the protection of selected areas and the
coating of complex, re-entrant and inaccessible areas do
The coatings are
particularly suited to use on gas turbine blades.

Qur United Kingdom patént GB-A-~1358538 describes a
as deposited, a matrix
which is at least 50% by weight cobalt and particles
included in the matrix which are at least 50% by weight
chromium carbide, at least 50% by weight of the particles
having a particle size of less than ten microns and
preferably between 2 and 5 microns.

The specification of GB-A-1358538 indicates that
although preferably all the particles have a size between
2 and 5 microns it may not be practicable completely to

not present any dgreat problens.

composite coating comprising,
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conponents subjected to wear such as aero-engine conponents,
parti-cul arly those likely to operate at el evated tenperatures, bearing
surfaces, rocket nozzles, and tubes and nozzl es carryi ng abrasive
substances. The coatings may be applied to the whol e conponent but nore
frequently they will be applied to only a portion of its surface. The

el ectrodeposition technique is particularly suitable to the protection of
sel-ected areas and the coating of conplex, rezentrant and inaccessible
areas do not present any great problens. The coatings are particularly
suited to use on gas turbine bl ades.
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avoid a small quantity of fines below 2 microns and
possibly some larger particles due, for example, to
agglomeration but states that preferably more than 80% by
weight of the particles lie within the spec1f1ed llmits,
i.e. between 2 and 5 microns.

The processes described in GB-A-1358538 have been
used for approximately twenty years with very great
success. The particles which have been used have had a
size distribution within the range set out, i.e. most of
the particles having a size between 2 and 5 um. The
particles used have been much as received from the
supplier but, as will be explained below, some small
adjustment has sometimes been made by removing a
proportion of the larger particles. It has been found
that coatings are produced having an as-deposited
composition range of between 13 and 20 percent by weight
of chromium carbide dispersed in a cobalt matrix. The
as-deposited coatings are somewhat modified by diffusion
produced by heat treatment and/or heat resulting from use
of the components carrying the coatings. These coatings
perform well under rubbing/ fretting wear conditions
where the pressure-velocity (PV) values are moderate. It
would be advantageous for the properties of the coatings
to be improved so that they can operate at higher PV
values and in conditions involving ‘hammer or impact
forces. It is felt that a more robust coating could be
obtained if the weight fraction of carbide particles
could be increased. It has now been discovered that the
fraction of carbide particles in the as-deposited coating
can be increased to a very surprising degree by providing
for most of the particles to fall within the size range
of 4 to 12 um and preferably with a mean size of 7 um.
Preferably 80% and more preferably 90% by weight of the
particles are within the 4 to 12 um range. By mean size
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Qur United Kingdom patent GB-A-1358538 describes a conposite coating
conpfi sing, as deposited, a matrix which is at |east 50% by wei ght cobalt
and particles included in the matrix which are at |east 50% by wei ght
chrom um carbi de, at |east 50% by wei ght of the particles having a partlcle
siZe of less than ten mcrons and preferably between 2 and 5 m crons. The
specification of GB-A-1358538 indicates that although preferably all the
particles have a size between 2 and 5 microns3it nmay not be practicable
conpletely tol. ~Fa A
is meant that half the particles by weight have a size
less than 7 um and half have a size egual to or larger
than 7 pm. Alternatively,.the invention may be said to
reside in using particles at least 80% by weight of which
5 exceed 4 pm in size and at least 80% of which lie within
a range of 4um to 8 um (and preferably with the upper end
of the range not exceeding 20 um). Preferably, the
particles are substantially evenly distributed in size
across the range.

10 The invention‘:also includes, according to a further
aspect, a method of producing a coating comprising
depositing by -electrodeposition or by electroless
deposition a matrix of cobalt and codepositing with the
matrix particles of chromium carbide suspended in the

15 plating bath, 80% by weight of the particles falling
within the size range of 4 to 12 un.

The invention is particularly suited to coatings in
which substantially' all the particles are chromium
carbide and the matrix is substantially all'cobalt.

20 The deposited coatings will usually be heat treated,
for example at a temperature above 500°C for a period in
excess of two hours, to produce diffusion of material
between the matrix and the particles.

The invention may be perfofmed in various ways but

25 one way of carrying out the process will now be described
generally and by way of example with reference to the
accompanylng dlagrammatlc drawings showing apparatus
sultable for carrying out the process; in addition a
specific example of a process utilising this apparatus

30 . will now be described. In the drawings:

Figure 1 is a perspective view of the apparatus;

Figure 2 is a side elevation of the apparatus;

Figure 3 is a front elevation of the apparatus; and

Figure 4 1is a graph showing particle size
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_ . 2 avoid a small quantity of fines below 2
m crons and possibly sone |arger particles due, ‘for exanple, to

aggl omeration but states that preferably nore than 80% by wei ght of the
particles lie within the specified limts, 5 i.e. between 2 and 5

m crons. The processes described in- GB- A- 1358538 have been used for

approxi mately twenty years with very great

distributions. .

The apparatﬁs shown in the drawings, comprises a
vessel or container 1 having a parallelepiped shaped
upper portion 2 and a downwardly tapering lower portion

5 3 in the form of an inverted pyramid which is skewed so
that one side face 4 forms a continuation of one side
face 5 of the upper portion. .

The vessel 1 contains a partition 6 which lies in a
vertical plane parallel to the side faces 4 and 5 of the

10 ~ vessel and makes contact at its side edges 7 and 9 with

' ~ the adjacent vertical and sloping faces of the vessel.
' The partition thus divides the vessel into a larger
working zone 9 and a smaller return zone 11. At its
bottom the partition 6 terminates at a horizontal edge 12

15 ‘above the bottom of the vessel to afford an
interconnection 13 between the working zone 9 and the
return zone 1l1. At its toﬁ, the partition 6 terminates
at a horizontal edge 14 below the top edges of the vessel
1. .

20 At the bottom of the return zone 11 there is an air
inlet 15 which is connected to an air pump (not shown).
Mounted in the working'zone 9 is a jig 16 to which the
workpiece to be coated is mounted, the jig 16 being
mounted for rotation about a horizontal axis parallel to:

25 the plane of the partition and motor means (not shown) is
provided to rotate the jig.

Conductors are provided to apply a voltage to the
workpiece mounted on the jig 16 relative to a cobalt
anode which is suspended in the working zone.

30 . To use the apparatus,'the workpiece is mounted on

' the jig 16 which is positioned in the vessel as shown.
Before or after the positioning of the jig, the vessel is
filled to a level 17 above the top edge 14 of the
partition 6 with a cobalt plating solution containing
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success. The particles which have been used have had a size distribution
withi.n the range set out, i.e. nost of 10 the particles having a size
between 2" and 5 [err]m The particles used have been nuch as received from
the supplier but, as will be -explained below, sone snall adjustnent has
soneti mes been made by renoving a proportion of the larger particles. It
has been found 15 that coatings are ‘produced having an
as-deposited conposition range of between 13 and 20 percent by wei ght of
chromi um car bi de dispersed in a cobalt matrix> The as-deposited coatings
are sonewhat nodified by diffusion

particles of chromium carbide to be co-deposited. Air is

admitted to the inlet 15 and this rises up the return

zone 11, raising solution and entrained particlés. At

the top of the return zone, the air escapes and the

5 solution and pérticles flow over the broad crested weir

formed by the top edge 14 of the partition and flow down

- past the workpiece on the rotating jig 16. At the bottom

of the working zone 9, the particles tend to settle and

slide down the inclined sides of the vessel towards the

10 interconnetion 13 where they are again entrained in the
solution and carried round again.

As the dowhwardly travelling particles in the
working zone 9 encounter the workpiece, they tend to
settle on the workpiece where they become embedded in the

i5 metal which is being simultaneocusly plated out.

The article to be coated is prepared as follows.
The article is first degreased by immersion in
trichloroethylene or by swabbing with lint free material
soaked in acetone. Areas not to be electroplated are

20 then masked. The ares to be plated are then cleaned
either mechanically by blasting with alumina shot or
chemically with a suitable cleaning medium such as an
acid pickle.

The current is then switched on and the prepared
25 article placed in the solution. The air flow is adjusted
~to a suitable rate and the current is adjusted to give
the correct current density which may, for example, be
between 10 and 150 amps per square foot of surface being
plated at a voltage of 15 volts. After deposition has

30 . proceeded for the appropriate time the article is
withdrawn and is washed and dried. One specific example
of composite electrodeposition using the general methods
and the. apparatus previously described will now be given.
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produced by heat treatnent and/or heat resulting fromuse 20 of the
conponents carrying the coatings. These coatings performwell under
rubbing/ fretting wear conditions where the pressure-velocity (PV) val ues
are noderate. It would be advantageous for the properties of the coatings
to be inproved so that they can operate at higher PV 25 values and in
condi tions involving hamrer or inpact forces. It is felt that a nore robust
coating could be abtained if the weight fraction of carbide particles could
be increased. Various aspects of the i nventi ¢h are set out in the

Example _,g
A test piece of steel was coated in the apparatus
shown in Figures 1 to 3. The tank contained an
electrolytic bath of the following composition:
5 Cobalt sulphate (CoS0,.6H20) 250 g/1
Sodium chloride (NacCl) 16 g/l
Boric acid (H;BO,) 31 g/1

The bath also contained 500 g/l of chromium carbide
(Cr;C,) powder having a particle size distribution

10 according to Curve R in the accompanying graph (Figure 4)
the y-axis of which represents the percentage by weight
of the particles having a size below a size indicated in,
pms on the x-axis. Curve R shows a size distribution in
accordance with the present invention. The bath had a pH

15 of 4.7 and during deposition it was maintained at a
temperature of approximately 50°C.

_ The test piece was first degreased in
trichlorethylene vapour and was then shot blasted with
grade 50u alumina shot. The pump 3 was then switched on

20 and when the particles had become distributed through the
bath the test piece was connected to the current supply
as the cathode and was inserted in the bath. The current
was adjusted to give a density of 4 a/dm’. After a time
sufficient to produce a coating thickness of 125um the

25 test piede was removed from the bath and was washed and
dried.- "

The test piece was then heat treated by being
maintained at a temperature of 1,000°C for four hours
followed by an o0il quench.

30 - Similar test pieces were produced using a similar
bath but with particles having size distributions
according to Curve Q in Figure 4. It should be explained
that Curve P shows the size distribution of the as-
received powder while Curve Q shows the size distribution
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30 i ndependent clainms hereto. It has now been discovered that the
fracti on of carbide particles in the as-deposited coating can be increased
to a.very surprising degree by providing for nost of the particles to fall
within the size range of 4 3to 12 [err]mand preferably with a nean
size of 7.[err]m Preferably 80% and nore preferably 90% by wei ght of the
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of the as-received powder modified by the removal of a
proportion of the larger particles as has been the
practice hitherto. - _

In comparative tests of the coatings produced as
described above it was found that, using particles having
a size range of 1 to 8 um and a mean size of 3.8 um
(Curve P), a coating (Coating A) was obtained having 19
weight percent of particles whereas, using particles
having a size range of 4 to 12 um with a mean size of 7
pm (Curve Q), a coating (Coating B) was obtained with 35
weight percent of particles. These coatings were tested
for their hardness and wear properties and the second
were found to have remarkably improved performance. In
the tests, the coatings were subjected to a high PV
environment, namely a Hertzian contact stress of 200
N/mm?, a sliding velocity of 0.13 m/s and a temperature of
450°C. It was found that Coating A had a hardness
(Vickers Hardness Number VHN) _of' 350 while Coating B had
a hardness of 500 and that Coating A had a Rubbing Wear
Factor indicating the amount of wear of 4 while Coating
B had a Rubbing Wear Factor of 0.06. It will be
appreciated that the tests show that Coating B was much
superior to Coating A.

The properties of Coatings A and B are set out in
the following Table 1:

-
-
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particles. are within the 4 to 12 [err]mrange. By nmean size is neant that
by wei ght” half the particles have a size 5 |l ess than 7 [err]mand hal f
have a size equal to or larger than 7 [err]m The invention is particularly
suyted to coatings in which substantially all the particles are chrom um
cafbide and the matrix is substantially all . .cobalt. 10 The
deposited coatings will usually be heat treated, for exanple at a

t enperature above 500[err]C for a period in e%cess of two hours, to produce
di ffusion of material between the matrix and the particles.

* Table 1

. . _ Coating-A | Coating B

Particle sizé,range in un 1-8 4-12
5 Mean size of particles 3.8 7
Particle content (weight
percent) coating : 19 35
Hardness of coating VHN 350 500
_ Rubbing Wear Factér 4 0.06
10 .

It will be appreciafed that coatings in accordance
with the present invention can be produced by the methods
described in GB-A-1358538 and the apparatus described in
GB-A-1218179, GB-A-1329081 and GB-A-2182055 to which

1s reference should be made for further details.

‘Tests were also conducted to compare Coating B with
well-known wear-resistant coatings and the results are
shown in Table 2. The tests were conducted by
reciprocating a loaded round-bottomed disc of 15 mm

20 diameter on a flat plate. The underside of the disc had
: a part-spherical shape with a diameter of 30 mm. In each
case, the load on the disc was 2N, the disc was
reciprocated at a speed of 0.13 m/sec, the test was
conducted at a temperature of 450°C and had a duration of
25 180 minutes. Both the underside of the disc and the
upper surface of the plate were coated with the same
material. After each test period, the underside of the
disc was measured for wear and the wear is given in the
table in m*/Nmx10'. For each material, two samples were
30 prepared and tested. Tt will be seen from the table that
Coating B suffered very significantly lower wear than any

of the other materials.

——
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The invention may be performed in various ways but 15 one way of
carrying out the process will now be described generally and by way of
exanple With reference to the acconpanying di agrammati c draw ngs show ng
apparatus suitable for carrying out the process; in addition -a specific
exahple of a process utilising this apparatus 20 wi |l now be descri bed.
In the drawings: Figure 1 is a perspective view of the apparatus; Figure 2
is a side elevation of the apparatus; Figure g is a front elevation of the
apparatus; and Figure 4 is a graph shomnng particle size

S, Table 2
Test Material Material type/ Wear m}/Nmx10
Coating method
S 1 Ti=6Al1-4V Ti Alloy ’ 480
2 Ti-6Al1-4V : Ti Alloy 480
3 Inconel 718 A superalloy 6.9
4 Inconel 718 A superalloy 5.9
5 Si;N, Bulk ceramic, 490
10 hot pressed
6 Si;N, Bulk ceramic, 320
: - hot pressed
7 TicC " . Chemical vapour 1.0
: : *  deposition
15 8 TicC Chemical vapour - 7.9
: deposition
9 WC-18%Co Plasma sprayed 0.6
10 WCc-18%Co Plasma sprayed 1.3
11 90%SiC~10%81i Bulk ceramic, sintered 45
20 12 90%SiC-10%Si Bulk ceramic, sin-2red 94
13 - Co-Cr,GC, Coating B _ 0.06
14 Co-Cr,C,4 Coating B 0.09

“‘i\\\\\\\\\\\\\\\\\\\\R\“\Y



4 distrihutions. The apparatus shown in the draw ngs, conprises a vessel or
container 1 having a parall el epi ped shaped upper: portion 2 and a downwardly
tapering™lower portion 3 in the formof an inverted pyram d which is skewed
so that one side face 4 forns a continuation of one side face 5 of the—

upper porti on A T

Claims: s,
1. An electrodei:osited composite coating comprising, as
_deposited, a matrix which is at least 50% by weight
cobalt and particles included in the matrix which are at
S - least 50% by weight chromium carbide, at least 50% by
weight of the particles falling within the size range of
4 to 12 pm.

2. A coating according to claim 1 in which 80% by
10 weight of the particles fall within the size range of 4
to 12 un.

3. A coating according to claim 1 in which 90% by
weight of the particles fall within the size range of 4
15 to 12 pum.

4. A coating according to any of claims 1 to 3 in which
the particles have a mean size of 7 um.

20 5. A coating according to any of claims 1 to 4 in which
substantially all of the particles are chromium/.
L

6. A carbide coating according to any of claims 1 to 5
in which the matrix is substantially all cobalt.

25
7. An electrodeposited composite coating comprising, as
deposited, a matrix of cobalt and particles of chromium
carbide included in the matrix, at least 80% by weight of
the particles exceeding 4 pm in size and at least 80% by
30 weight of the particles lying within the size range of 4

pm to 8 um.

8. A coating as claimed in claim 7 in which
substantially none of the particles has a size greater

—_——

————
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The vessel 1 contains a partition 6 which'lies in a vertical plane parallel
to the side faces 4 and 5 of the vessel and makes contact at its side edges
7 and 9 with the adjacent vertical and sloping faces of the vessel. The

partition thus divides the vessel into a | arger working —~one 9 and a |
smel ler return zone 11. "At its bottomthe partition 6 te ﬁﬂ“““lﬂ“\“\
hori zontal edge 12 above the bottom of the vessel. H“\“ﬂ“

i nt erconnection 13 between the working zone §iand the return Zorte M.

its top, the partition 6 termnates at a horizontal edge 14 bel ow the top

edges of the vessel
than 20 pgn. R

9. A coating as claimed in any of the preceding claims
in which the particles are substantially evenly
5 - distributed in size across the said size range. -

10. A method of producing a coating which comprises
depositing by electrodeposition or by .electroless
deposition a matrix of cobalt and codepositing with the

10 matrix éarticles of chromium carbide suspended in the
plating bath, 80% by weight of the particles falling
within the size fange of 4 to 12 pum.

11. A method according to claim 10 in which the
15 deposited coating is heat treated to produce diffusion of
material between the matrix and the particles.

—_—
—_—
—_—
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1. Al .the bottomof the return zone 11 there is an air inlet 15 which is
connected to an air punp (not shown). Mounted in the working zone 9 is a
jig 16 to which the workpiece to be coated is nounted, the jig 16 being
mounted for rotation about a horizontal axis parallel to the plane of the
partition and notor neans (not shown) is provided to rotate the jig.
Conductors are provided to apply a voltage taz2the workpi ece nounted on the
jig-16 relative to a cobalt anode which is suspended in the working zone.

!, Abstract
An electrodeposited composite coating comprises, as

deposited, a matrix of cocbalt and particles of chromium
carbide, at least 50% and preferably'at'least 80% or 90%

S by weight of the particles lylng within the size range of

4 ym to 8 um,

——
—_—
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To use the apparatus, the workpiece is mounted on the jig 16 which is
positioned in the vessel as shown. Before or after the ppsitioning of the
jig, the vessel is filled to a level 17 above the top edge 14 of the
partition 6 with a cobalt plating solution containing 5 particles of
chrom um carbide to be co-deposited. Air is admtted to the inlet 15 and
this rises up the return
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zone 11, raising solution and entrained particles. At the top of the
return zone, the air escapes and the solution and particles flow over the
broad crested weir forned by the top edge 14 of the partition and fl ow down
past the workpiece on the rotating jig 16. At the bottom of the working
zone 9, the particles tend to settle and slide down the inclined sides of
the vessel towards the interconnetion 13 whhere they are again entrained in
the solution and carried round again. As the downwardly travelling
particles in the working zone 9 encounter the workpiece, they tend to

100

o 551

1 2 3 4 567810 20 30 40
PARTICLE SIZE (um)

Fig. 4
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ELECTRODEPOSITED COMPOSITE COATINGS

This invention relates to electrodéposited composite
coatings, i.e. coatings which consist of an
electrolytically or electrolessly plated metal matrix
with included particles which are codeposited with the
matrix. The particles are suspended in the.electrolyte
containing the metal ions for the matrix and are
substantially insoluble in the electrolyte and, during
the plating operation, become included in the plated
matrix.

The coatings may be applied to a variety of
components subjected to wear such as aero-engine
components, particularly those 1likely to operate at
elevated temperatures, bearing surfaces, rocket nozzles,’
and tubes and nozzles cérrying abrasive substances. The
coatings may be applied to the whole component but more
frequently they will be applied to only a portion of its
surface. The electrodeposition technique is particularly
‘suitable to the protection of selected areas and the
coating of complex, re-entrant and inaccessible areas do
not present any great problems. The coatings are
particularly suited to use on gas turbine blades.

Our United Kingdom patent GB~A-1358538 describes a
composite coating comprising, as déposited, a matrix
which is at least 50% by weight cobalt and particles
included in the matrix which are at least 50% by weight
chromium carbide, at least 50% by weight of the particles
having a particle size of less than ten microns and
preferably between 2 and 5 microns.

The specification of GB-A-1358538 indicates that
although preferably all the particles have a size between
2 and 5 microns it may not be practicable completely to
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article placed in the solution. The air flowis adjusted to a suitable rate
and the current is adjusted to give the correct c ch may,
for exanple, be between 10 and 150 anps per squar C ENErHEETbelng
plated at a voltage of 15 volts. After deposition| hps proceedead flor} t he
appropriate tine the article is withdrawn and is shgqaéef.ﬁgéec. One
specific exanpl e of conposite el ectrodeposition usijng the gene et hods
and the apparatus previously described mﬁgl now e

avoid a small quantity of fines below 2 microns and
possibly some larger particles due, for example, to
agglomeration but states that preferably more than 80% by
weight of the particles lie within the specified limits,
i.e. between 2 and 5 microns. '

The processes described in GB-A-1358538 have been
used for approximately twenty years with very great
success. The particles which have been used have had a
size distribution within the range set out, i.e. most of
the particles having a size between 2 and 5 pum. The
particles used have been much as received from the
supplier but, as will be explained below, some small
adjustment has sometimes been made by removing a
proportion of the 1érger particles. It has been found
that coatings are produced having an as-deposited
composition range of between 13 and 20 percent by'weight
of chromium carbide dispersed in a cobalt matrix. The
as-deposited coatings are somewhat modified by diffusion
produced by heat treatment and/or heat resulting from use
of the,components carrying the coatings. These coatings
perform well under rubbing/ fretting wear conditions
where the pressure-velocity (PV) values are moderate. I@
would be advantageous for the properties of the coatings
to be improved so that they can operate at higher PV
values and in conditions involving hammer or impact
forces. It is felt that a more robust coating could be
obtained if the weight fraction of carbide particles
could be increased. It has now been discovered that the
fraction of carbide particles in the as-deposited coating
can . be increased to a very surprising degree by providing
for most of the particles to fall within the size range
of 4 to 12 pm and preferably with a mean size of 7 pum.
Prefefably 80% and more preferably 90% by weight of the
particles are within the 4 to 12 pm range. By mean size
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REPLACEMENT SHEET 6 Exanple A test piece of steel was coated in the

fappératus showmn in Figures 1to 3. The tank c ed an
el ectrolytic bath of the follow ng conposition: Cob REHEQ

(CoSd err].6H20) 250 g/ 1 Sodium chl oride (Na@ )f™

Boric acid (Herr]BJerr]) 31 g/l Th

500 g/ |

of chrom um car bi de

is meant that half the particles by weight have a si2
less than 7 pm and half have a size egual to or larger
than 7 pm. Alternatively, the invention may be said to
reside in using particles at least 80% by weight of which
exceed 4 um in size and at least 80% of which lie within
a range of 4um to 8 pm (and preferably with the upper end
of the range not exceeding 20 pum). Preferably, the
particles are substantially evenly distributed in size
across the range.

The invention‘:'also includes, according to a further
aspect, a method of producing a coating comprising
depositing by electrodeposition or by electroless
deposition a matrix of cobalt and codepositing with the
matrix particles of chromium carbide suspended in the
plating bath, 80% by weight of the particles falling
within the size range of 4 to 12 um.

The invention is particularly suited to coatings in
which substantially all the particles are chromium
carbide and the matrix is substantially all cobalt.

The deposited coatings will usually be heat treated,
for example at a temperature above 500°C for a period in
excess of two hours, to produce diffusion of material
between the matrix and the particles.

The invention may be performed in various ways but
one way of carrying out the process will now be described
generally and by way of example with reference to the
accompanying diagrammatic drawings showihg apparatus
suitable for carrying out the process; in addition a
specific example of a process utilising this apparaﬁus
will now be described. In the drawings:

Figure 1 is a perspective view of the apparatus;

Figure .2 is a side elevation of the apparatus;

Figure 3 is a front elevation of the apparatus; and

Figure 4 is a graph ‘showing particle size
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(Cr[err]Cerr]) powder having a particle size distri n_according to
Curve R in the acconpanying graph (Figure 4) the y-a
t he percentage by weight of the particles having a s zj
indicated in [err]ms on the x-axis. Curve R shows a fi
accordance with the present invention. The bath had fa [p &‘O@Tm dgring
deposition it was maintained at a tenperature of apgr nmately 5 9?
The t est pi ece was first degreaged in tgichlorethyTen apour
and was then shot blasted with grade 50[err] alumn Ihe punp 3} was
t hen sw tched on
distributions.

The apparatus shown in the drawings, comprises a
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vessel or container 1 having a parallelepiped shaped
upper portion 2 and a aownwardly tapering lower portion
3 in the form of an inverted pyramid which is skewed so
that one side face 4 forms a continuation of one side
face 5 of the upper portion.

The vessel 1 contains a partition 6 which lies in a
vertical plane parallel to the side faces 4 and S of the
vessel and makes contact ‘at its side edges 7 and 9 with
the adjacent vertical and sloping faces of the vessel.
The partition thus divides the vessel into a larger
working zone 9 and a smaller return zone 11. At its
bottom the partition 6 terminates at a horizontal edge 12
above the bottom of the vessel to afford an
interconnection 13 between the working zone 9 and the
return zone 11. At its top, the partition 6 terminates
at a horizontal edge 14 below the top edges of the vessel
1. _

At the bottom of the return zone 11 there is an air
inlet 15 which is connected to an air pump (not shown).
Mounted in the working zone 9 is a jig 16 to which the
workpiece to be coated is mounted, the jig 16 being
mounted for rotation about a horizontal axis parallel to
the plane of the partition and motor means (not shown) is
provided to rotate the jig.

conductors are provided to apply a voltage to the
workpiece mounted on the jig 16 relative to a cobalt
anode which is suspended in the working zone.

To use the apparatus, the workpiece is mounted on
the jig 16 which is positioned in the vessel as shown.
Before or after the positioning of the jig, the vessel is
filled ,to a 1level 17 above the top edge 14 of the
partition .6 with a cobalt plating solution containing



and when the particles had becone distributed through th
pi ece was connected to the current supply as the cathod
in the bath. The current was adjusted to give a density
After a time sufficient to produce a coating thickness/fo
test piece was renoved fromthe bath and was washed apd
pi ece was then heat treated by being nmaintained at a t
1,000[err]C for four hours followed by an oil quench. Sim
wer e produced using a simlar 5 '

particles of chromium carbide to be co-deposited. Air is

admitted to the inlet 15 and this rises up the return

zone 11, raising solution and entrained particles. At
the top of the return zone, the air.éscapes and the
solution and particles flow over the broad crested weir
formed by the top edge 14 of the partition and flow down
past the workpiece on the rotating jig 16. At the bottom
of the working zone 9, the particles tend to settle and
slide down the inclined sides of the vessel towards the
interconnetion 13 where they are again entrained in the
solution and carried round again.

As the downwardly travelling particles in the
working zone 9 encounter the workpiece, they tend to
settle on the workpiece where they become embedded in the
metal which is being simultaneously plated out.

The article to be coated is prepared as follows.
The article is first degreased by immersion in
trichloroethylene or by swabbing with lint free material
soaked in acetone. Areas not to be electroplated are
then masked. The ares to be plated are then cleaned
either mechanically by blasting with alumina shot or
chemically with a suitable cleaning medium such as an
acid pickle.

The current is then switched on and the prepared
article placed in the solution. The air flow is adjusted
to a suitable rate and the current is adjusted to give
the correét current density which may, for example, be
between 10 and 150 amps per square foot of surface being
plated at a voltage of 15 volts. After deposition has
proceeded for the appropriate time the article is
withdrawn and is washed and dried. One specific example
of composite electrodeposition using the general methods
and the. apparatus previously described will now be given.




bath but wth particles having size distributions according to Curve Qi
Figure 4. It should be explained that Curve P shows the size dlstrlbutlo
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Example

A test piece of steel was coated in the apparatus
shown in Figures 1 to 3. The tank contained an
electrolytic bath of the following composition:

Cobalt sulphate (CoS0O,.6H20) 250 g/l

Sodium chloride (NacCl) 16 g/l

Boric acid (H,BO,;) 31 g/l

The bath also contained 500..g/1 of chromium carbide
(cr,c) powder having a particle size distribution
according to CurveFR in the accompanying graph (Figure 4)
the y-axis of which represents the percentage by weight
of the particles having a size below a size indicated in
pms on the x-axis. Curve R shows a size distribution in
accordance with the present invention. The bath had a pH
of 4.7 and during deposition it was maintained at a
temperature of approximately 50°C.

The test piece was first degreased in
trichlorethylene vapour and was then shot blasted with
grade 50x alumina shot. The pump 3 was then switched on
and when the particles had become distributed through the
bath the test piece was connected to the current supply_
as the cathode and was inserted in the bath. The current
was adjusted to give a density of 4 a/dm?. After a time
sufficient to produce a coating thickness of 125um the
test piece was removed from the bath and was washed and
dried. '

The test .piece was then heat treated by being
maintained at a temperature of 1,000°C for four hours
followed by an oil quench.

Similar test pieces were produced using a similar
bath but with particles having size distributions
according to Curve Q in Figure 4. It should be explained
that Curve P shows the size distribution of the as-
received powder while Curve Q shows the size distribution

n
n
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found that, using particles having a size range of 1 to
size of 3.8 [err]m (Curve P), a coating (Coating A was
wei ght percent of particles whereas, using particles h
4 to 12 [errlmwith a nean size of 7 [err]m (Curve Q,
B) was obtained with 35 wei ght percent .of particles. These coatlngs wer g
tested for their hardness and wear properties and the second
have renarkably inproved performance. In tthe tests, the coatings ver e
subjected to a high PV
of the as-received powder modified by the removal of a
proportion of the larger particles as has been the
practice hitherto. .
In comparative tests of the coatings produced as
described above it was found that, using particles having
a size range of 1 to 8 um and a mean size of 3.8 um
(Curve P), a coating (Coating A) was obtained having 19
weight percent of particles whereas, using particles
having a size range of 4 to 12 pum with a mean size of 7
pm (Curve Q), a coating (Coating B) was obtained with 35
weight percent of particles. These coatings were tested
for their hardness and wear properties and the second
were found to have remarkably improved performance. In
the tests, the cpatings were subjected to a high PV
environment, namely a Hertzian contact stress of 200
N/mm?, a sliding velocity of 0.13 m/s and a temperature of
450°C, It was found that Coating A had a hardness
(Vickers Hardness Number VHN) of 350 while Coating B had
a hardness of 500 and that Coating A had a Rubbing Wear
Factor indicating the amount of wear of 4 while Coating
B had a Rubbing Wear Factor of 0.06. It will be
appreciated that the tests show that Coating B was much
superior to Coating A.
The properties of Coatings A and B are set out in

the following Table 1:



envi ronment, nanely a Hertzian contact stress of 200 NNmmjerr], a sliding
velocity of 0.13 m's and a tenperature of 450[err]C. Ltowas.. fqynd that
Coating A had a hardness (Vickers Hardness Nunber V-'IRE%?((&‘,@@"‘,MK,-:
B had a hardness of 500 and that Coating A had a Ru
I ndi cating the anount of wear of 4 whil.e Coating B a
Fact or of 0. 06. It will be appreciated that the tgsgs
was much superior to Coating A The propegyties of

out in the following Table 1

Table 1

Coating-A | Coating B

Particle size range in unm 1-8 4-12
Mean size of particles 3.8 7
Particle content (weight

percent) coating 19 35
Hardness of coating VHN ' 350 500
Rubbing Wear Factor 4 0.06

It will be appreciaﬁed that coatings in accordance
with the present invention can be produced by the methods
described in GB-A-1358538 and the apparatus described in
GB~A-1218179, GB-A-1329081 and GB-A-2182055 to which
reference should be made for further details.

Tests were also conducted to compare Coating B with
well-known wear-resistant coatings and the results are
shown in Table 2. The tests were conducted by
reciprocating a loaded round-bottomed disc of 15 mm
diameter on a flat plate. The underside of the disc had
a part-spherical shape with a diameter of 30 mm. In each
case, the load on the disc was 2N, the disc was
reciprocated at a speed of 0.13 m/sec, the test was
conducted at a temperature of 450°C and had a duration of
180 minutes. Both the underside of the disc -and the
upper surface of the plate were coated with the same
material. After each test period, the underside of the
disc was measured for wear and the wear is given in the
table in m’/Nmx10'. For each material, two samples were
prepared and tested. It will be seen from the table that
Coating B suffered very significantly lower wear than any
of the other materials.



8 Table 1 Coating A Coating B Particle size range in [err]m 1;8

4-12 Mean size of particles 3.8 7 Particle content
(wei ght percent) coating 19 35 Hardness of coating
VHN 350 500
9
Table 2
Test Material Material type/ Wear m*/Nmx10"
Coating method
1 Ti=-6Al-4V Ti Alloy 480
2 Ti-6Al-4V Ti Alloy 480
3 Inconel 718 A superalloy 6.9
4 Inconel 718 A superalloy 5.9
S Si,;N; Bulk ceranic, _ 490
hot pressed .
6 Si,N, Bulk ceramic, 320
hot pressed
7 TicC Chemical vapour 1.0
deposition
8 TicC Chemical vapour 7.9
deposition
-] WC-18%Co Plasma sprayed 0.6
10 WCc-18%Co Plasma sprayed 1.3
11 90%Sic-10%Si Bulk ceramic, sintered 45
12 90%SiC-10%Si Bulk ceranmic, sin-2red 94
13 - Co-Cr,G, Coating B 0.06

14 Co-Cr,C; Coating B 0.09




Rubbi ng Wear Fact or 4 ~0.06 It will be appreciated

‘that coatings in accordance with the present invention can be produced by

t he net hods described in GB-A-1358538 and the apparatus described in

GB- A- 1218179, GB- A-1329081 and GB- A-2182055 to which reference shoul d be
nadﬁ fO{lerther details. Tests were al so conducted to conpare Coating B

wi th well-known wear-resistant coatings and the resyl ih

Table 2. The tests were conducted by reci prt““ﬂll?llﬂﬂl“"ﬂ“umr

aoundhbgttoned disc of 15 nmdiameter ont@ flat plate. TFhetunllersi de of t he
I sc ha

Claims:
1. An electrodeposited composite coating comprising, as

deposited, a matrix which is at least 50% by weight
cobalt and particles included in the matrix which are at
least S50% by weight chromium carbide, .at least 50% by
weight of the particles falling within the size range of

4 to 12 pm.

2. A coating according to claim 1 in which 80% by
weight of the particles fall within the size range of 4

to 12 umn.

3. A coating according to claim 1 in which 90% by
weight of the particles fall within the size range of 4

to 12 um.

4. A coating according to any of claims 1 to 3 in which

the particles have a mean size of 7 um.

5. A coating according to any of claims 1 to 4 in which
substantially all of the particles are chromium.

6. A carbide coating according to any of claims 1 to 5
in which the matrix is substantially all cobalt.

7. An electrodeposited composite coating comprising, as
deposited, a matrix of cobalt and particles of chromium
carbide.included in the matrix, at least 80% by weight of
the partiéles exceeding 4 pm in size and at least 80% by
- weight of the particles lying within the size range of 4
pm to 8 um.

8. A coating as claimed in claim 7 in which
substantially none of the particles has a size greater
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a .part-spherical shape with a dianeter of 30 nm In each case, the |oad on
the disc was 2N, the disc was reciprocated at a speed of 0.13 msec, the
test was conducted at a tenperature of 450[err]C and had a duration of 180

m nutes. Both the underside of the disc -and the uppeL_§QLi§E§_91_%EE
plate were coated with the sanme material. After each test peri od,
under si de of the disc was neasured for ‘wear and the M’Aﬂmm.m t he
table in nB/Nm100[err]. For each naterial, two sanp mu”ml and
tested. It will be seen fromthe table &hat Coat i ng B suf fter &d very
significantly | ower wear than any

than 20 ugm.

9. A coating as claimed in any of the preceding claims
in which the ©particles are substantially evenly
distributed in size across the said size range.

10. A method of producing a coating which comprises
depositing by electrodeposition or by .electroless
. deposition a matrix of cobalt and codepositing with the
matrix particles of chromium carbide suspended in the
plating bath, 80% by weight of the partlcles falling
within the size range of 4 to 12 um.

11. A method according to claim 10 in which the
‘deposited coating is heat treated to produce diffusion of
material between the matrix and the particles.

‘“\_
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of the other materials. 9 Table 2 Test WMaterial Mat erial type/
~Wear nferr]/Nmx10[err] Coating nethod 1 Ti - 6Al -4V Ti Al oy
480 2 Ti - 6Al -4V Ti Al oy 480 3 | nconel 718
A superal | oy 6.9 , :
- 12 -

ELECTRODEPOSITED:COMPOSITE COATINGS

Abstract
An electrodeposited composite coating comprises, as
deposited, a matrix of cobalt and particles of chromium
carbide, at least 50% and preferably at least 80% or 90%
by weight of the particles lying within the size range of
4 pgm to 8 pum. '

FIGURE 4
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4 . Inconel 718 A superal | oy 5.9 5 Si[err]Nerr]

Bul k ceram c, 490 hot pressed 6 Si[err] N err] Bul k
ceramc, ' 320 hot pressed 7 Ti C Cheni cal vapour
1.0 deposition 8 Ti C . Chemi cal vapour REPIZ MENT
deposition 9 WC- 18%Co Pl asnma ip[ayed PP 1AJ@ : SHEET
WC- 18%Co Pl asma sprayed 1.3
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11 90%&i C- 10%si Bul k ceram ¢, sintered 45 12 90%&i C- 10%si Bul k

~ceramc, sintered 94 13 Co-Cr[err](err] Coating B
"0.06 14 Co-Cr[err]Cerr] Coating B 0. 09 CLAI Ms:
1. An el ectrodeposited conposite coating conprising, as deposited, a

matrix which is at |east 50% by wei ght_ gobalt and particl ep—ncluded in the

matrix which are at | east 50% by wei ght “chrom um car bi de, @[MWCSHEET
{ —
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at -l easf gﬂ%b)’w%n T Qb t+ehes falling within the si ze range of 4.
to 12 [ ergflime 2usion - QQQ@ (?I’dl gtoclaim 1 in which 90% by weight.
- Of thef) "s"fallfL ;%A t ﬁah range of 4 to 12 [err]m 3. A
coat i ngj a6q it -1 F§Ee 1a| 2 in which at |east 80% by weight of
t he parpwc;l VW e tt‘Plé’ag‘? e-range of 4 to 8 [err]m 4. A coating

accor di ng t 0" cFgi m’ PRt --cfaiPagd or ¢l ai m 23 I n which substantially all of
the particles are chromium carbide. %. A®car bi de coating according to any
of cl ai iEHTEdCH RECWRE L. #¥8matri x|i s substantially all cobalt. 6. A

coating as ck a'a%q.d n a%aﬁrlecéghﬂglﬁ&a'&' %1 WAL M 8wt 3t hakk¥ns and
possibly some larger particles due, for example, to
agglomeration but states that preferably more than 80% by
weight of the particles lie within the specified limits,

5 'i.e. between 2 and S5 microns.

" The processes described in GB-A-1358538 have been
used for approximately twenty years with very great
‘success. The particles which have been used have had a
size distribution within the range set out, i.e. most of

10 the particles having a size between 2 and 5 pum. The
particles used have been much as received from the
supplier but, as will be explained below, some small
adjustment has sometimes been made by removing a
proportion of the larger particles. It has been found

15 - that coatings are produced having an as-deposited
composition range of between 13 and 20 percent by weight
of chromium carbide dispersed in a cobalt matrix. The
as-deposited coatings -are somewhat modified by diffusion
produced by heat treatment and/or heat resulting from use

20 of the components carrying the coatings. These coatings
perform well under rubbing/ fretting wear conditions
where the pressure-velocity (PV) values are moderate. It
would be advantageous for the properties of the coatings
to be improved so that they can operate at higher PV

25 . values and in conditions involving hammer or impact
forces. It is felt that a more robust coating could be
obtained if the weight fraction of carbide particles
could be increased.

Various aspects of the invention are set out in the

30 independent claims hereto.
It has now been discovered that the fraction of

carbide particles in the as-‘deposited coating can be
increased to a very surprising degree by providing for
most of the particles to fall within the size range of 4

| REPLACEMENT SHEET
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none of the particles has a size greater than 20 [err]m 7. A coating as @

claimed in any preceding claimin which the proportion of the particles

‘therein is 35 wei ght percent. 8. A net hod of producing a coating mhich-f'

conprises depositing by el ectrodeposition or by el ectrol ess deposition a
‘matri x of cobalt and codepositing with the matrix particles of chrom um
car bi de suspended in the plating bath, 80%by weight of the particles
falling within the size range of 4 to 12 [é%r]rn

to 12 um and preferably with a mean size of 7 um.
Preferably 80% and more preferably 90% by weight of the
particles are within the 4 to 12 um range. By mean size
is meant that by weight half the particles have a size
5 less than 7 um and half have a size equal ﬁo or larger
than 7 um.
The invention is particularly suited to coatings in
"which substantially all the particles are chromium
carbide and the matrix is substantially all cobalt.
10 The deposited coatings will usually be heat treated,
' for example at a temperature above 500°C for a period in
excess of two hours, to produce diffusion of material
between the matrix and the particles.
The invention may be performed in various ways but
15 - one way of carrying out the process will now be described
generally and by way of example with reference to the
accompanying diagrammatic drawings showing apparatus
suitable for carrying out the process; in addition a
spec1f1c example of a process utilising this apparatus
20 will now be described. In the drawings:
Figure 1 is a perspective view of the apparatus;
Figure 2 is a side elevation of the apparatus;
Figure 3 is a front elevation of the apparatus; and
4

Figure is a graph showing particle size




9.- A nethod according to claim8 in which the deposited coating is heat
treated to produce diffusion of material between the matrix and the

‘particles. 10\#-#&t_hod\ccord| ng to claim8 or claim9 in which the
pl ati ng bath es a vesse (1) and t he depositirg—af_the cobalt
matrix and th MEM ”Mm Ses a weir process in THi SHEET diago EWe
coating is pro | ece nounted on a rotating JHEPLM@ I n

wor ki ng zone (9) of the plfat i*ng vessel (1)1,0 t he vess?l‘—hav*l-ﬁgr—a--_par.r.ul on
(6) having a top edge (14) formng a broad crested weir over which plating

sol ution and-t rst.i cles flow, the particles thereafter travelling
downwar dl y and I'ng on the workpiece.
: 1. An electrodeposited composite coating comprising, as

deposited, a matrix which is at least 50% by weight
cobalt and particles included in the matrix which are at
5' least 50% by weight chromium carbide, at least 50% by
weight of the particles falling within the size range of
-4 to 12 um, the particles being substantially evenly
‘distributed in size across the said size range.

10 2. A coating according to claim 1 in which 80% by
weight of the particles fall within the size range of 4
to 12 um. '

3. A coating according to claim 1 in which 90% by
15 weight of the particles fall within the size range of 4
to 12 um.

4. A coating according to any of claims 1 to 3 in which
the particles have a mean size of 7 um.

20
5. A coating according to 'any of claims 1 to 4 in which
substantially all of the particles are chromium carbide.

6. A carbide coating according to any of claims 1 to S
.25 . in which the matrix is substantially all cobalt.

7. An electrodeposited composite coating comprising, as
deposited, a matrix of cobalt and particles of chromium
carbide included in the matrix, at least 80% by weight of .

30 the particles lying within the size range of 4 um to 8
pym, the particles being substantially evenly distributed
in size across the said size rané‘e.

B
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substantially none of the particles has a size greater
than 20 um.

9. A method of producing a coating which comprises
depositing " by electrodeposition or by electroless
deposition a matrix of cobalt and codepositing with the
matrix particles of chromium carbide suspended in the
‘plating bath, 80% by weight of the particles falling
within the size range of 4 to 12 um, the particles being
substantially evenly distributed in size across the said
size range.

10. A method according to claim 9 in which the deposited
coating is heat treated to produce diffusion of material
between the matrix and the particles.
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Tf?’ Claim(s) :paged.r. to paged A..
i1 Drawing(s) : paged ..... to paged.....

[0 Abstract  :paged..... to paged ...
CLAIMS: DATZ OF RECEIPT .44
L. An electrodeposited composite coating comprising, as deposited, a

matrix which is at least 50% by weight cobalt and particles included in the
' matrix which are at least 50% by weight chromium carbide, characterised by
at least 80% by weight of the particles falling within the size range of 4 to 12

pm.

2. A coating according to claim 1 in which 90% by weight of the
particles fall within the size range of 4 to 12 um.

3. A coating according to claim 1 or claim 2 in which at least 80% by

weight of the particles fall within the size range of 4 to 8 um.

4. A coating according to claim 1 or claim 2 or claim 3 in which

substantially all of the particles are chromium carbide.

5. A carbide coating according to any of claims 1 to 4 in which the

matrix is substantially all cobalt.

. 6. A coating as claimed in any preceding claim in which substahtially
none of the particles has a size greater than 20 um.

- 7. A coating as claimed in any preceding claim in which the proportion

_of the particles therein is 35 weight percent.
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8. A method of producing a coating which comprises depositing by
electrodeposition or by electroless deposition a matrix of cobalt and
codepositing with the matrix particles of chromium carbide suspended in the
plating bath, 80% by weight of the particles falling within the size range of 4
to 12 ym.

9. A method according to claim 8 in which the deposited coating is heat
treated to produce diffusion of material between the matrix and the particles.

10. A method according to claim 8 or claim 9 in which the plating bath

comprises a vessel (1), and the depositing of the cobalt matrix and the particles

comprises a weir process in that the deposited coating is produced on a

workpiece mounted on a rbtating_jig (16) in a working zone (9) of the plating -

vessel (1), the vessel having a partition (6) having a top edge (14) forming a

broad crested weir over which plating solution and the particles flow, the

Jparticles thereafter travelling downwardly and settling on the workpiece.




