1 2221921 1 | nprovenents Relating to the Production
of Coatings 2 3 This invention relates to apparatus and processes 4
for the production by electrolytic or electroless 5 deposi tion of
conposite coatings which consist of a 6 netal matrix containi 3@}20&
i n which processes 7 the particles are co-deposited with t ?Sﬁf

8 solution in which the particles are §nsol uble. The 9 |nvent|on S
primarily concerned with the deposition of 10 ceram c, cernet or netal{f
particles in coatings in.which 11 it is essential to accurately contr ok -
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13 for varlous purposes including wear and abrasion

14 resistance, corrosion and oxidation resistance and

15 improvements in coefficient of friction (lubricity) and

16 anti-fretting and anti-galling - properties. 1In

17 certain cases the coatings themselves may constitute

18 the final product so that the process is one of

19 electroforming. |

20 The general procesé comprises electroplating in a _—
21 bath containing insoluble particles dispersed in the

22. electrolyte, the particles being codeposited with the

23 metal deposited from the electrolyte. A similar

24 process may be used for electroless deposition but for Q
25 the most part the description will refer only to

26 electrolytic deposition.

27 There is described in GB 2 182 055A a process for

28 the electrodeposition of a composite coating comprising

29 a metal matrix containing particles,” the particles

30 being codeposited with the metal from a solution in

31 which the particles are insoluble and in which process

32 gas is admitted to the solution at a location to

33 produce circulation in the solution generally upwards



2°1 in one zone and generally downwards in a second zone 2 and the

wor kpi ece is located in the second zone. The 3 two zones can, if
necessary be separated by a partition 4 or weir especially if
particularly large particles 5 (greater than 50 [err] diameter) are to be
codeposited 6 since the presence of the partition produces quiescent 7
condi t.ions necessary for the unhindered sgttling of 8 t hese particles

ont gtfe wor kpi ece where they beconme 9 enbedded in the netal which is
being sinultaneously 10 pl ated out. 11 One particul ar class of

conposi t e acoatimngsneh z@helamqueharamq;uamwwafhs dppad asdeohd tddie
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14 The apparatus described in GB 2182055A produces
15 the settling condition essential to the production of
16 -~ such coating. It has now been appreciated that to
17  produce coatings of uniform composition on components.
18°. of complex geometry 1like the turbine blades' of
19 aeroengineé the codeposition of powder on all surfaces
20 must be maintained at or close to a maximum or
21 saturated level by which is meant that during . '~
22 co-deposition the particles should be present on the
23 surface in quantities and geometrical arrangement which

s 24 - are as close as possible to maximum or natural packing
25 density for the particles concerned:; otherwise local.
26 changes in current density will give rise to variations
27 . in composition. Problems also arise with turbine
28 blades because of their abrupt changes of shape at  the
29 leading and trailing edges.
30 According to the present invention, a process. for
31 " the production by electrolytic or electroless
32 deposition on a workpiece of a composite coating -
33. comprising a metal matrix containing the particles, the
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1 particles being codeposited wwth the netal froma 2 solution in
which the particles are insoluble, 3 conprises inducing circulation
-in the solution 4 generally upwards in one zone and generally downwards
5 in.a second zone, locating the workpiece in the second 6 zone, and
rotating the workpi ece about an axis having a 7 hori zontal conponent, the
rotational cycle including 8 periods3of hi gher angul ar velocity and

peri ods of |ower 9 angul ar velocity. 10 For nost \ £
applications, probably the nost 11 satisfactory arrangenent of e

rotatiop %éi-tléﬁeéz be% erea&sbass&tt@a apdefo end theche! | SMHRT 5
description 13 ¥ be directed to, such arrangenents but I n 14
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no period of const
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particlgs | e and 26 remain on the upwardly facing
.surfacéfofa%ﬁ &g%?k$8%8§§§$ to be tragped by the matrix netal being

deposit@d so 28 thaFOE Heatyarpdieptpansicl areRaplyvehe . mastx can 29
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The paller nwbllr ataditrilgn bay chia:‘exziapdedtot csudler arréngements but in.
- 14 some cases, for example where the particles are very
15 small (e.g. between one and 10 um), it may not be.
16 . necessary to come to a dead stop between each faster .
17 = period.  In certain cases, more complex cycles may be.
18 most appropriate so there may be more than two-
19 repeating speeds of rotation; likewise the transition
20 from. one speed to the other or another may take various ——
21 - forms:; indeed there may be no period of constant
22 angular velocity, the speed changing continuously but
23 - at varying rates throughout a complete cycle. - _ .
24 = . - The -effect .of stopping (or slowing. down) ‘the | o/
25 -rotation is that particles are able to. settle and:
26 remain on the-upwardly facing surface of the workpiece
27 to be trapped by the matrix metal being deposited so
28 '~ that a high volume of particles relative to matrix can
29 be achieved. This is particularly important where the
30 workpiece is irregular, particularly where it has quite.
31 abrupt edges or transitions such as. the leading and
32 - -trailing edges of aerofoil sections. :
33 , The pattern . of rotation may be adapted to the
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1 wor kpi ece- bei ng coated so that partleular bands 2 (extendi ng parall el
with the-axis of rotation) of the .3 woTkpiece surface face upwardly | onger
than-others but 4 for nost applications this is unnecessary provided that
5 all the bands have a sufficient dwell time facing 6 upwards.. 7

The angul ar novenent of the workpiece in the 8 faster periods (and in
the slower periods if rotation 9 is not 4 hen conpletely stopped) may vary
con5|dtrably 10 For exanple, “a stationary period gy be followed by a 11
rapid rotation through only a few degrees before the 12 workpi ece becomes
st at i onarylagavarkrircsuceedsigveceatedp e dithaficiParidmitl apusbands

over | appi ng on%eﬁeehlaqrng lﬁarﬂ?%iehlt'ﬁ[ ﬁrfe p&figraid zfdtraé:t@n)wbkpl&fe.e to
rotate 15 ° throu h a arg&&aégg 0SSI Qé than ern& and
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conplex 3 shape equate I ncl usi ons es nhy
upwardly facing zones thus overlapplng one another.

14 However, it is preferred for the workpiece to rotate
15 through a larger angle, possibly more than 360° and
16. possibly several complete revolutions between each
17 stationary period. Provided that the number of stop
18 and start periods in a complete plating operation is
19 large, a regular coating will be achieved, although it
20 is desirable that the arrangement is such that the
21 . cycle is not repeated identically for each revolution:
22 which could produce an uneven deposit around the axis
_ 23 of rotation. Thus, in a possible example, the
"/ 24 workpiece is rotated at between one third and one half
25 revolutions per minute with each stop period being of
26 approximately ten seconds and each go period being of
27 approximately three seconds duration. This is suitable
28 for small particles in the 1 to 10 um range when
29. piating at 10 mA/cmz. However much larger stationary
30 periods may be desirable for larger particles of or
31 greater than 100 um.
32 Where, the workpiece is of irfegular or complex
33 shape adequate inclusions of particles may not be



1  achieved on certain areas, even by use of the above 2 described *
techni ques. For exanple, the workpiece may 3 have two surfaces which,
when considered in a section 4 containing the longitudinal axis are at
right angles to 5 one another or forma re-entrant. Therefore, particles
6 nmay run down one of the surfaces even when settling 7 satisfactorily
on the -other. 8 In one possiblgimay of carrying out the process of 9
the invention the workpiece is also rotated about a 10 second aXISkWhICh
is non-parallel with the first. By 11 rotating the wor kpi ece abouf™"a

second, axi aggg t a e coat ed
face 1 éc %(‘:’%ﬁt(?& J; g’se o) veg?fca eynu%garg ?E %hé bggﬁfflment
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Co or $HCboﬂhthnﬁ@herp@mtmnnmsa<néﬁanﬁrant. Eherefiera) | particlesmati on 21
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The inventio performed in various ways -one
appar af us ﬁﬂﬁlﬁfﬁﬁﬁﬁb'élaf BHden PGy the 25 26 27 28 29 30 31 32 33 - 6

8 In one possible way of carrying out the process of

9 the invention the workpiece is also rotated about a

10 second axis which is non-parallel with the'first. ‘By M
11 - rotating the workpiece about a second axis, it can be '\)
12 arranged that all surfaces to be coated face
13 sufficiently close to vertically upwards for a
14 sufficient proportion of the total plating time for
15 them all to be satisfactorily coated. -

16 The invention may be applied to the apparatus and
17 methods described with reference to drawings in GB 2
18 182 055A and may be used, for example, to produce
19  coatings comprising a matrix of”Ni, Co or NiCo.withﬂ
20 ° particles of CraAlY. More detaileA"inﬁormation
21 concerning such coatihgs may be obtained from
22 GB 2 167 466B. ' -

23  The invention may be performed in various ways but.
24 one form of apparatus and-a method of coatlng using the o/
25
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1 apparatus will now be descri bed by way of exanple with 2 reference to

t he acconpanyi ng di‘agrammatic  -draw hgs, in 3 whi ch: 4 Figure 1 is
a perspective view of the apparatus; 5 Figure 2 is a side el evation
of the apparatus; 6 Figure 3 is a front el evation of the apparatus;
7 and 8 Figure 4 is a perspective view of the jig on which 9 t he
articles to be plated are suspended. 10 ¢ The apparatus shown in the

drawﬁnéﬁ, conprises a 11 vessel or container 1 having a parall el epi ped
shaped 12 upper portion 2 and a downwardly tapering | ower portion 13 3
in the forin ofapparatvest wdlpymaw daendescribsiichpdwey ©f examplenwithde

face 4 forigﬁe%%,g%{é%ﬂ%ét £8NtAb QB%oﬁxHQI%P&%g gfi%%ﬁ:aimﬁtf&ed%fﬁ gBOT §hon.

cont-al ns es in 17 a vertical
pI ane paral | el"BiBhe side faces 4 and 5 of 18 the vessel and makes

contact atgits sideregags I aada8pé&spéuttﬁet ha exdicxc atie ?paﬁatuand

sl opi ng f es of t artit,ion di vi he vessel
into a 21 I argerkﬁb‘mrﬁg z&ﬁeaQS&E& 583%1@1 fé*ﬁ?? %

St 22
its bottomg the parFiguee &ttsnan@mnntﬂehehathnmﬂcﬁ £Be apnnraﬁusbove
t he botto of éﬂg vessel to afford an 24 I nterconnection 13 between the
morklng zone 97and the 25 return zone 11. At its top, the partition 6
termnates8 26 at Bigurez4nis acpgrspeatdvenvilew b %ekl%fonhﬂhﬂm

vessel 1. @28 the articiBe B! beMpahtldde ar@l Wuk éj_there is an 29
air inlet. 15 which is connected to an air, puq@h not shown) ., Mounted

in the wotki ng zoneTBej 8PRARFUS $oYR i Q¥@Whﬁgﬁpléﬁg‘?Ff@scéated
are\npounted, twhessel dFx cditdthey a rkagidgt @ easralbeleprilpeiccslapithi n

the 33 JpsselnhOraBBPI8h b0aRd LeFRRTAIY Yt ANt Srbr poftion
13 3 in the form of an inverted pyramid which is skewed so
14 that one side face 4 forms a continuation of one side
15 face 5 of the upper portion.
16 The vessel 1 contains a partition 6 which lies in-
17 a vertical plane parallel to the side faces 4. and 5 of
18 the vessel and makes contact at its side edges 7 and 8
19 with the adjacent vertical and sloping faces of the
20 vessel. The partition thus divides the vessel into a
21 larger working zone 9 and a smaller return zone 11. At.
22 its bottom, the partition 6 terminates at a horizontal
23 edge 12 above the bottom of the vessel to afford an
St 24  interconnection 13 between the working zone 9 and the
25 return zone 11. At its top, the partition 6 terminates
26 at a horizontal edge 14 below the top edges of the
27 vessel 1. '
28 At the bottom of the return zone .11 there is an
29 air inlet 15 which is connected to an air pump (not -
30 shown). Mounted in the working zone 9 is a jig 21 to
31 which the workpiece to be coated are mounted, the jig
32 21 being arranged to move the workpieces within the
33 vessel in a manner to be described in greater detail



1 below 2 When the apparatus is to be used for electrolytic. 3

pl ati ng, conductors are provided to apply a voltage to 4 t he workpi ece
nounted on the jig 21 relative to an 5 anode which is suspended in the .
wor ki ng zone. 6 To use the apparatus, to codeposit a coating on 7

t he wor kpi eces, the workpieces are nmounted on the jig 8 21 which is
positioned in the vessel as shown. Befpre'9 or after the positioning of
the jig, the vessel is 10 filled to a |l evel 17 above the top edge 14 of
the 11 partition 6 with a plating solution containing 12 particles
to be ct-depediowed.  Air is.admtted to the 13 - inlet 15 and this rises up
the retyrn zone r gyl 4 | Wt d Foed ' 3~ At the
top of the 15 .r%étel?r ﬁd}z%()%ﬂaf?l%égi ?Eegga%e%s lgér?éi ?%‘Selfsglﬁ?%ﬁ:g%h%&cm
particl 8s fP3dtdPgr (IRNBIHRF T r25e cBroEifefotRe@PRIYI 2 YRLtREE &Fye 14 of

the pargiti epednfotkpieteVnmedfiteihenl8theor§iy €2es ¥u dbevel kdlan At the

bottom gf the rking,19 zone 9 he particles,tend to settle and slide
down the 208nofd Miieh 1g siEbended i Whe siprRingarend. the o1

i nt ercoBnecti on T® wsse ethbenppaxaingss N ¢ol rcodepbsbt2a cddieingl on on and

carried,rougd _aqgai X y |4 i tiigles in
the 24 7 wolrE |engﬁ_gzlcr)k € C%ﬁbpﬁﬁte ﬁ%ﬁ%%@%, méﬁg‘;?%tden%gtgﬁégﬁ ettle-
on t-he ®or kglevdigheris tPRgiLICRAR anbEHEc¥essels as ($howe: al Befioye i s

bei ng spnmul banepeiesy R eo8Ytiohing of thHe %\ngpieﬁss vdsde cqaf ed are
nounted on a.j.i.g 28 21 own in Figure 4 which i's suspended in the vessel
29 1. 10Theld %ds ERovth iﬁ"?ilnpﬁf AP r FRen TWRuPEID. 140 OF akdre3 put
oni Lt Sdl{l\;];)malii??t&gh fas{ wdatona Obld'taii;gy.sag.ultﬂdilﬁ jégn&?fﬁﬁﬁrg: lslezr%
?g\(/:var dézoneggﬁ%@eél%% ggpglggd%%oc?eig{een%ﬁ ngxgﬁi ggsgﬂrﬁa&?ﬁeg& %@% end.
8 13 inlet 15 and thils rises up the return zone 11, raising
- 14 solution and entrained particles. At the top of the

15 return zone, the air escapes and the solution and

16 = particles flow over the broad crested weir formed by

17 the top edge 14 of the partition and flow down past the

18 workpieces on the jig 21. At the bottom of the working

19 zone 9, the particles tend to settle and slide down the

20 inclined sides of the vessel towards the. ——
21- interconnection 13 where they are again entrained in. T
22  the solution and carried round again. .
23 As the downwardly travelling particles in the’
24 working zone 9 encounter the workpiece, they tend to -
25 settle on the workpiece where they become embedded in.
26 - the metal which is being simultaneously plated out.
27 The workpieces to be coated are mounted on a jig
28 21 shown in Figure 4 which is suspended in the vessel.
29 1. The jig-is shown in simplified form in Figures 2.
30 and 3 but omitted from Figure 1 for reasons of clarity.
31 The jig 21 comprises a deck 22 which fits over the top.
32 of the vessel 1, a depending pillar 23 towards one end
33 and a pair of depending guides 24. at the other end.



1 The guides 24 have facing guideways in which slides a 2 cross-head 25
carrying.a vertical rack 26 which passes 3 upwards through a hele 27 in
the deck 22 and nmeshes 4 with a pinion 28 driven by a reversible electric
motor' 5 29. The deck 22 supports a second electric notor 31 6 which
drives a vertical shaft 32 carrying a bevel 7 pi ni on 33 whi ch engages a
crown-wheel 34 fixed to one 8 end of a spindle 35 nounted in the pillar
23. e 9 other end of the.spindle 35 is connected by a universal 10
joint 36 to one end of_ a shaft 37 the other end of 11 which is carried by

a sphericat beZhen@uigies, 2hechaye facdng rpeidewayss in whichhgliges 37
carries a plurarbks-tleatPWs ddHEPidd a Feetiic@ildyack t 26heBithetRigsedHN! Y

one spur 39 bejng._.1l own in Figure 4._ [The_ spur,39 extends.in a.plane
.16 contirnﬂggﬁﬁa§ §£FS“9 atﬁkieséﬁtlnBFEQMQ?Fktﬁ?Jﬁnd meSﬁLs.
Iﬁn?itgginﬁkbawitgohtpﬁ?iqnwzaagrhgeanbyn@4xewzr$$rleqfleb£nidrmqﬂothe
sha : uge ur. S 2 19Pg: gas
t ur bi ne bl gdes%Z tgﬂﬁée .QSER cztétse‘g%;go\ﬂ/‘mgfhat %‘I@oﬁgi ?&% nal ai{é‘gttg?r?'ﬁ%

bl ades 21 6 exWhAd@ngdrivese saiveptiaalarshpbipeinli qanryindt e bevel

I ?n?iht ug: ngl ﬁ)ih'iorpf3]3 tﬁl@?_cﬁpéhga%%s seg[) c%ﬁ@h-wh@%l}?@%{d Oﬁgkhgggitglmgéées
) e bl ades fake apgles of [err o the axis of the .
An el ec?ron?@gmf?gr acsRinfier 383 punbeft b okhes Pl{s"@rd@@k 22ThHR i s

connected 8y | btheriéntndfATHe dpindle 350i9rSoRAeabdd3by alhmisargl | er

43 i s designed. 8 dgive e_mtaor. 29 in .0 Lr | 0 | 1fh a
29 stopigo agkg'g&ro_%t i:ot h%%%hggﬁ #a%o%aafﬁo%bnﬁé %&m%gi’{?ﬂf%
axi g (thelk-axWhich Ige corried| &y 43 spherdesilgnbeardndri 98 the rher 31
alternatejy inceppesheaad2s, directions to reciprocate the cross-head 25

and so 33 superlngpse on the rotation about the x:axis an 9 )
13 he shaft 37 carries a plurality of spurs which

14 are rigidly attached thereto, only one spur 39 being
15 shown in Figure 4. The spur 39 extends in a plane
.16 containing the axis of the shaft 37 -with the
17 longitudinal axis of the spur making an angle « with
18 the axis of the shaft 37. Mounted on the spur 39 and
19 spaced therealong are three gas turbine blades 42 to be
20 coated, with the longitudinal axes of the blades
21 extending in the said plane and perpendicular to the
22 longitudinal axis of the spur 39 'so that the:
23 longitudinal axes of the blades make angles of (90-a)°
A 24  to the axis of the shaft 37. _
25 . . An electronic motor controller 43 is mounted on
26 the deck 22 and is connected by lines 44 and 45 to the
27 motors 29 and 31. The controller 43 is designed to
28 drive the motor 29 in one direction only but with a
29 ~stop so as to rotate the shaft 37 about a nominally
30 horizontal axis (the x-axis).l The controller 43-is
31°  designed to drive the motor 31 alternately in opposite
32 directions to reciprocate- the cross-head 25 and so
33 superimpose on the rotation about the x-axis an



1 oscillatory rotation about a rotating axis in the 2 uni versal joint
36 (the y-axis). 3 _ The angle a and t.he paraneters of the cycles 4
executed by the notors 29 and 31 are selected to suit 5 t he wor kpi ece
bel ng coated so as to ensure that all 6 surfaces to be coated spend
sufficient tinme facing 7 generally upwardly to receive an adequate

| oadi ng of 8 descending particles to §e incorporated in the plated 9
netal as it is deposited. 10 One particular class of corrposMe;,,
coatings which 11 may be produced by the apparatus described is that™12
conpri sing aswEllatafy Nirot@wt bonNidlooutt ha pardtiat msgofasiBs {mAlthe It has

been foHnd hWiRr %ql%%qﬂg y3dblcjcg£(}wg’?ng on cont aining up to 30% by wei ght

of particles Can'b Y 1 gramper litre of particles
in 16 3the sol uffhen. allgle o ame the t panapetamdplaf ofthe ceal|p and t he

net hod 38 e&fe&fﬁéw%goahbhﬁwrémié SRY Be deer'ddrscbyavay @uild

exanple The coating is to be produced on a gas
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- 25 “ﬁbghté%%5¥¥¥lﬁg a mé%rlx Ogikl, Co or NiCo with particles of
13 CraAlY. It has been found that good quality coatings
14 containing up to 30% by weight of particles can be
15 produced using only 1 gram per litre of particles in .
16 . the solution.
17 : One particular example of a coating .and the method
18 = of producﬁion_thereof will now be described by way of
19 example.
20  EXAMPLE _ _
21 . The coating is to be produced on a gas turbine

22 blade 42 having an aerofoil section 43 with a root
23  portion 44 at one end and a shroud portion 45 at the.
24 other end, the platforms of, the root and shroud both A
25 extending at angles of approximately 70° to the axis of

26 the aerofoil portion and the root portion and the

27 shroud portion having end faces which extend at

28 . respectively 30° and 40° to the circumference of the

29 ring of which the blade forms part. For blades of this

30 geometry the angle a is 70°. _

31 It is intended to produce on the aerofoil and

32 platform portions of the blade a coating containing

33 18.32 weight percent Cr, 8.25 weight percent Al, 0.457

£y
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1° weight percent Y and the remainder cobalt. To produce 2 such a
coating the bath is filled with a cobalt plating 3 sol ution conprisin
400 grans per

g

litre of [err], 4 15 granms per litre of NaCl and 20 grans

per lsitre of 5 boric acid [err]. The bath is naintained at a pH of 6
4.5 and a tenperature of [err]. The bath is |oaded with 7 powder to
concentration of 70 grams per litre, the §, powder having a size

distribwtion of 5 to 15 9.  mcronetres and being conposed of 67.8

wei ght percent 10 chrom um 30. 1 wei ght percent alunmi niumand 1.7 wei
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and the remaining surfaces are given the conventional
preparation treatments appropriate to cobalt plating.
The blade is fixed to the jig with its axis (see
Figure 4) at 20° to the x axis of the jig which is
horizontal (see Figure 5). During plating the x axis-
of the jig is oscillated plus and minus 25° about the y
axis which is perpendicular to the x axis with a cycle

‘time of 3 minutes. Simultaneously, the jig is rotated

about the x axis unidirectionally and through 360° with

a cycle time of 10 minutes for a complete revolution.

However the rotation about the x axis is intermittent
with 10 second stop periods being interspersed with 3
second go periods. |

" Plating is carried out with a current density of
0.3 amps per square decimetre for a period of 24 hours
to produce a coating thlckness of between 50 and 125

micrometres.

A coating of excellent qualities is produced
covering the aerofoil portion and the root and shroud
platforms and having a weight fraction of incorporated
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2 fromthe jig, the masking is renoved and and the blades 3 are heat
treated .to effect sone interdiffusion ‘between 4 the matri x and the,

particles and to effect some degree 5 of alloying. 6
directed to application nunber 7
this application 8

Attention
9207448. 3 whi ch has been divided from
and which clains a process for the production by 9

.S

el ectrolytic or electroless depositionldn a workpiece 10 of a conpogite
coating conprising a nmetal matrix 11 containing particles, the partigles
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Attention is directed to application number
9207448.3 which has been divided_frdm'this application
and which claims a process for the production by
electrolytic or electroless deposition on a workpiece
of a compos:.te coating comprlslng a metal matrlx
containing particles, the partlcles being codep051ted
with the metal from a solution in which the particles
are insoluble, comprising inducing circulation in the
solution generally upwards in one zone and generally
downwards'in a second zone, locating the workpiece in
the second zohé and rotatiné the workpiece about a
first axis having a horizontal compohent, and rotating

the workpiece about a second axis which is non-parallel
- with the first.
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" dainms: 23 1. A process for the productioh by, electrolytic or 4

el ectrol gss deposition on a workpiece of a conposite’&  .coating conprising
a nmetal matrix containing particles, 6 the particles being codeposited
with the netal froma 7 solution in which the particles are insoluble,
8 conprising inducing circulation in,he soluti I

upwards in one zone and generally downwar c}s 10 I n aMHmﬂm‘“I‘Mtl ng
t he monkplece in the second 11 zone, and rotating thexwor ete &bott an
axis having a §3ajimeari zontal conponent, the rotational cycle including 13
peri ods of h| e | ar vel ocity and periods of |ower 14 angul ar
velocity. &5 16 2. A process as clained in daim1l in which the 17
rotation ig al tlernafpﬁ|1¥rééé§safﬁhﬂ0thé8p¥%dtﬁ:tloﬁ Wy006§écﬁi'oq|yét|1r83dot‘n

d 1th b st ant | al d_h th
re?1 :a;nence go t%’é e%%%ﬁn%&ﬁﬂﬁ#’n‘%gmﬁl’ﬁg ‘gér §§%Eezg°§6§r2$‘§n’§’v%l§6 31

32 33 5 coating comprising a metal matrix containing particles,
6 the particles being codeposited with the metal from a
7 solution in which the particles are insoluble,
8 comprising inducing circulation in the solution
9 generally upwards in one zone and generally downwards

10 in a second zone, locating the workpiece in the second
o 11 zone, and rotating the workpiece about an axis ha%ing a
N 12 horizontal component, the rotational cycle including
13 periods of higher angular velocity and periods of lower
14 angular velocity.
15
16 2. A process as claimed in Claim 1 in which the
17 rotation is-élternately stop and go.
18 ’
19 3. A process as claimed in Claim 1 the process being
20 substantially as described herein with reference to the
21 accompanying drawings.
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