- 1 - SPRAY NQOZZLE The present invention relates to a spray nozzle
for a | aser deposition apparatus. 5 Laser cladding is a techni que
that is generally used either to deposit a coating onto a conponent

in order to rebuild the conponent, or to,deposit a coating onto a

substrate in order to provide a prot ectivé | ayer. 10 A |l aser cladding

apparatus typically conprises a | aser which forns a nolten pool on a
substrate into which a streamof netal powder entrained in a gas can
be blown. This results in a track (otherwi se known as a cl ad) being
deposited on the substrate. US 6, 35€RAMNOGIZAGIFDses a | aser cl addi ng
apparatus in which the netal powder is delivered coaxially with, and
around, the |laser beam 15 The intensity of the |aser beam usually

has a Gaussian distribution which means that the centre of the nelt
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wi de opating then this nmust be done by overl apping a series of dads
side-by-side. If only the | aser beam 20 di aneter is increased then
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substrate na t to an excessive e 2S U POUNd] I'Ng
subst r at eomat rpravidesypiotediveraysred t o an excessive depth and the
deposited coating may dilute into the substrate. In sone application
dilution of the clad by the parent substrate may occur. If a nunber
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US 6,316,744 discloses a laser cladding apparatus in which the metal powder is
delivered coaxially with, and around, the laser beam.
15
The intensity of the laser beam usually has a Gaussian distribution which means that
the centre of the melt pool is at a significantly higher temperature than the temperature
of the surrounding areas. If it is necessary to deposit a relatively wide coating then this
must be done by overlapping a series of clads side-by-side. If only the laser beam
20 diameter is increased then the temperature at the centre of the melt pool is such that
high levels of vaporisation of additive material may occur, or the substrate may melt to
an excessive depth. Further, the surrounding substrate material may be disrupted to an
excessive depth and the deposited coating may dilute into the substrate. In some
application dilution of the clad by the parent substrate may occur, If a number of clads
25 are overlapped side-by-side then the reworking of previously deposited clads can
induce unwanted material properties. Further, cavities may form between adjacent
clads which is undesirable, and the surface formed may be uneven,

It is therefore desirable to provide a spray nozzle for laser deposition and a laser
3¢ deposition apparatus capable of depositing wide coating layers of a substantially
uniform thickness.



It is therefore desirable to provide a spray nozzle for |aser
deposition and a | aser 30 deposition apparatus capabl e of depositing

w de coating |layers of a substantially uniformthickness. - 2 -
According to a first aspect of the present invention there is

provi ded a spray nozzle for a | aser depoSition apparatus, conprising:
an array of nozzle apertures arranged sideby-side; and a powder

supply chanber in fluid communication with the nozzle apertures and
arranged in use to supply powder to the nozzle apertures under

pressur e 86cqdingdons fiauazpast of e piesrndinvenen these i prsjvistedetispriag moztie for

array of f t

1 2| el Hekr BeBBSfion bBerofl” cON gl A el BY nfia Bpgl il Rlans Sde-
The nozzl ky-sidet aod esna\f\cdmrsdpphymhaed@em ﬂl.gcé bbmn?,rmeatloﬁwtl‘bkhelr?zg@apertures
t han t he V4| esto rds e of the arrgy. There ma

b o 187 Endar e PER! SSude o Be Berkes pediiied LY e Ssus Sos to
apert w esCaLmaaa ARle frevderdheet & bd ejeetedSram %éﬁrrg)ﬁlof REzZ0d Bgrturkdr ger
apertures towards a side of the array may help the fornmation of

radial tracks, for exanple hard-facing of gate valves. At |east one

nozzl e apefdratag) gr"lhé 'é'rr%ytd?%oﬁiléae)beﬁwesqg aRin@Yt Qﬁ"Q}FIW'TﬁQ nd I!a%?ertgres may be

regul ator for egul ating the fl ow of powder through t
nozzle. 19f da\ffgm %z&-?edﬂaﬁa naz@@ ﬁ@aﬂur@adﬁwaw@zthe edpes Dﬁfths akfayhinay badarger

arra r | at| g

t he ?‘/I Io\?v t@? Hg’é‘%ﬁerﬂ% %p 8@3?‘?‘3{{?‘."’&%%% ”E g&‘é’&@%‘éﬁ%ﬁy ﬁgietrhggb' % | se

upper 1Gandappivetiors weretibisgtesiraplerto lmaes ldrgean et 28parhove tavardb ¢hovertizeor
f t t t hat d t

e o1 1 BRAEe SRBLY S Par P G b SRR oA Ll el n

| ower el obgatgoraplatiyl eacke, forexannge hatbfRirRCel RitewdRegas stream

above and bel ow t he wi de powder sheet. 25 The spray nozzl e nmay

further conprise upper and | ower guide plates |ocated above and bel ow
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the flow of Ipowcler ejected fromthe spray nozzle in use.
15  regulating the ﬂow of powder through the said nozzle. In a preferred arrangement each
nozzle aperture within the array is provided with an individual flow regulator for

regulating the flow of powder through it.

The spray nozzle may further comprise upper and lower elongate gas apertures located

20 above and below the array of nozzle apertures respectively that extend substantiaily
parallel to the array of nozzle apertures, wherein the upper and lower elongate
apertures are arranged to eject a wide gas stream above and below the wide powder
sheet.

25 The spray nozzie may further comprise upper and lower guide plates located above
and below the array of nozzle apertures respectively that extend so as to guide the flow

of powder ejected from the spray nozzle in use.



- 3 - Awall of the powder supply chanber may be provided with ribs

whi ch extend generally in the direction of flow through the powder
supply chanber in use. These ribs would help to guide the flow.
Alternatively or in addition, the powdergsupply chanber nay be
provided with baffles which extend generally in a direction
perpendicular to the direction 5 of flow through the powder supply
chanber in use. Such baffles would help to pronpote turbulence in the
supply chanbe Preferably the array of nozzle apertures is forned in
a nozzle gd’tﬁ) | ofithe powder auprly chermgpamayhetprovided Mathi iibgavhici axignd generally
concerns
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only, &1 fere{;‘éﬁ he agﬁjﬁnpanyl ng drawi ngs, in which: Figure 1
scherratl c '?‘36%% EsgBP%ﬁFhﬁ ¢ according to a first embodi ment;
Figure 2 schemati cal I y shows the cr oss-sectional view A-A of the

spray nozzle of Fig 1; igure 3 schematically shows an

al ternatiVe %r@sbfsthgéé&ﬁy&{apzalﬁ@nemum%ﬁ ferredsipraaozaszbody. 6F- [ Yugle 1;

Figure 4 ,ﬁgéq@érq}mtcal |y shows a | aser cl addi ng apparatus including a
spray 30noz

The invention also concerns a laser deposition apparatus comprising a laser arranged
to generate a wide laser beam and a spray nozzle in accordance with any statement

herein.

15  The invention may comprise any combination of the features and/or limitations referred

to herein, except combinations of such features as are mutually exclusive.

Embodiments of the present invention will now be described, by way of example only,
with reference to the accompanying drawings, in which:

20
Figure 1 schematically shows a spray nozzle according to a first embodiment;
Figure 2 schematically shows the cross-sectional view A-A of the spray nozzle of
Figure 1;
25

Figure 3 schematically shows an alternative cross-sectional view A-A of the
spray nozzle of Figure 1;

Figure 4 schematically shows a laser cladding apparatus including a spray
30  nozzle;



- 4 - Fi gures 5a and 5b schematically show an end view of the
spray nozzle of Figure 1 and a coating |ayer deposited using it;
5Figure 6 schematically shows a spray nozzle according to a second

enbodi nment ; Fi gure? schematically_ghows the cross-sectional
view B-B of the spray nozzle of Figure 6; 10 Figure 8
schematically shows an alternative cross-sectional view B-B of the
spray nozzle of Figure 6; Figure 9 schematically shows a

cross-sectional view of a spray nozzle according 15 to a third
enbodi ment; Figure 10 schematically shows an end view of the spray

nozzl e of Fi g : i
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embodi ment an¢iagipading layendiepositasiwging iy ay nozzle 10 conprising a

chanmber body 12, a nozzle body 14 and a supply duct 20. An array of
nozzl e apertures 16 is provided in the end of the nozzle body 16. The

array of nozzlHgames schienaticaipshows assppdynatzlé seadrdingdo & shigdhdnozzl e

25 aperture éG arranged side-by-side. The nozzle apertures 16 extend

t hrough t FEPH body 14 and |lead to a powder supply chanber 18

which is fornmed by the chanber body 12. The chanber body 12 has end
walls 11, 13 that abut the nozzle body 14 and the sup duct 20
respectivel y. FAgureahsehernsalically sBaws Hee eressiseplignal view &B%of thaeppytigzle of
suppl y chqapﬁ;5}8 has cross-sectional area that tapers towards the

10
Figure 8 schematically shows an alternative cross-sectional view B-B of the
spray nozzle of Figure 6;

Figure 9 schematically shows a cross-sectional view of a spray nozzle according
15  to a third embodiment;

Figure 10 schematically shows an end view of the spray nozzle of Figure 9; and

Figure 11 schematically shows a cross-sectional view of a spray nozzle
20  according to a fourth embodiment.

Figures 1 and 2 show a spray nozzle 10 comprising a chamber body 12, a nozzle body
14 and a supply duct 20. An array of nozzle apertures 16 is provided in the end of the
nozzle body 16. The array of nozzle apertures comprises a plurality of individual nozzle
25 apertures 16 arranged side-by-side. The nozzle apertures 16 extend through the
nozzle body 14 and lead to a powder supply chamber 18 which is formed by the
chamber body 12. The chamber body 12 has end walls 11, 13 that abut the nozzle
body 14 and the supply duct 20 respectively. As can be seen from the sectional view

A-A, the powder supply chamber 18 has cross-sectional area that tapers towards the



- 5 - array of nozzle apertures and is in fluid comrunication with

t he supply duct 20. However, in other enbodi ments the powder supply
chanber 18 may have a substantially constant cross-sectional area.
The nozzl e apertures 16 are arranged in_§gries and the centres of the
nozzl e apertures 16 lie on a straight lihe. In other 5 enbodi nents
the nozzle apertures 16 may be arranged in a different geonetry. The
nozzl e body 14, the chanber body 12 and the supply duct 20 may be
formed from separate conponents wel ded together. Alternatively, they
may be i nBEY af) NezepRedUiEs endda b Hid cammunigtion yith thesuaplysiatied. i s
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Figure 4, the spra%gl nozzl e 10 may be used with a l'asefr cl adding

appar at usWipen@gneters arranged to deposit a coating 3 onto the
surface 2 of a substrate 1. In addition to the spray nozzle 10, the

| aser cladding apparatus 100 conprises a |aser 102 capabl e of
gener #t i nlgp usewmddallppseter iresupplied to theaspray opzzteviOna theesispbsduci2e uhder

and a po . f f eedi a netal powder. to the,
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surface 2, which solidifies as a coating 3 on the surface 2. The

wi dth of the | aser _beam 104 is conparable to that of the powder sheet
4 whi Bh s ghen imEigure,d the powder supply chamber 18 may be provided with

longitudinally extending ribs 19. The ribs 19 help to ensure laminar flow and also act to
stiffen the spray nozzle 10. However, transverse baffles 19a may be provided in
addition or instead in order to produce a turbulent flow.

20  With reference to Figure 4, the spray nozzle 10 may be used with a laser cladding
apparatus 100 which is arranged to deposit a coating 3 onto the surface 2 of a
substrate 1. In addition to the spray nozzle 10, the laser cladding apparatus 100
comprises a laser 102 capable of generating a wide laser beam 104, means for moving
the substrate 1 and a powder feeder (not shown) for feeding a metal powder to the

25 nozzle 10 via the supply duct 20. As the substrate 1 is moved in direction X, the nozzle
10 emits a sheet {or stream) of powder 4 which interacts with the laser beam 104. As
the powder sheet 4 meets the laser beam 104 it is melted to form a melt pool on the
substrate surface 2, which solidifies as a coating 3 on the surface 2. The width of the

laser beam 104 is comparable to that of the powder sheet 4 which ensures that the



- 6 - whole width of the powder sheet 4 is nelted and deposited as a
coating 3. The wi de | aser beam 104 may be generated by any of the
foll ow ng beam mani pul ati on techni ques: scanning, diode, refractive,
diffractive, ancillary, array. Miltiple_faser beams could al so be
used side-by-side in order to generate a wi de | aser beam Oher 5
techni ques for generating a wde |aser beamw || be readily apparent
to one skilled in the art. The netal powder nay be of a uniform

conposition or may be a m xture of two or nore powders. The carrier.
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t he array, of I’{wzzl e apertures 16. The edges of the coating are

subst ant i BF1A™ per pendi cul ar to the substrate surface 2. This allows
anot her coating layer to be deposited next to it wthout requiring an
overlap and therefore results in a coating having a substantially

flat surfHeeMeRiPewdepmayde phe unterst sempesilionypopay beesmbttuner two or more
cl addi ng ghidids " FHECBRidrRsEY BblandRDY Bhs SlicHBE 8FJdH, for example. Within the

10 powder supply chamber 18 the metal powder and carrier gas mix in order to ensure that
the powder sheet 4 delivered by the nozzle apertures 16 is uniform in both composition
and delivery rate.

As shown in Figure 5a, the laser cladding apparatus 100 described above can deposit a

15 wide coating 3 of a substantially uniform thickness. The width of the coating 3 is
approximately the same as the width of the array of nozzle apertures 16. The edges of
the coating are substantially perpendicular to the substrate surface 2. This allows
another coating layer to be deposited next to it without requiring an overlap and
therefore results in a coating having a substantially flat surface. This improves the

20 mechanical properties of the cladding 3 and reduces the overall amount of material
used when compared with a conventional apparatus that deposits a number of narrow,
domed, coating layers side-by-side and overlapping.

Further, a flat deposition can be provided by overlapping clads and tailoring the
25 thickness of the clads at the edge of each clad. For example, as shown in Figure 5b

overlapping clad tracks 3 having angled edges results in a flat deposition layer.

The powder flow from the spray nozzle can be regulated in order to alter the mass flow
distribution of the powder according to the clad width and/or thickness required. The

30 powder flow can be controlled and regulated from the primary powder feed system.



used when conpared with a conventional apparatus that deposits a
nunber of narrow, domed, coating |ayers side-by-side and overl appi ng.
Further, a flat deposition can be provided by overl appi ng dads and
tallorlng the 25 thickness of the dads aty _ t he edge of each clad. For
exanpl e, as shown in Figure 5b over |l apping clad tracks 3 having
angl ed edges results in a flat deposition |ayer. The powder fl ow
fromthe spray nozzle can be regulated in order to alter the nass
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desired shape. 5 Figures 6 and 7 show a second enbodi nent of a spray
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Figures 9 and 10 show'a t a spray nozzl'e 10 which
can b& used with 15 the | aser claddi ng appar at us 10 of F| gure 4. An
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constitute the array are of varying sizes. Specifically, the nozzle
aperture 16 at each

Figures 9 and 10 show a third embodiment of a spray nozzle 10 which can be used with

15  the laser cladding apparatus 10 of Figure 4. An array of nozzle apertures 16 are
formed in the nozzle body 14 and are arranged side-by-side in a line with the centre of
the apertures 16 all lying on the same line. The plurality of nozzle apertures 16 that
constitute the array are of varying sizes. Specifically, the nozzle aperture 16 at each
end of the array is the largest and the nozzle apertures gradually decrease in size

20 towards the middle of the array. Each of the nozzle apertures 16 is provided with an
individual flow regulator in the form of a valve 21, The valve 21 can be controlled to
alter the flow rate through the specific nozzle 16.

Upper and lower outer walls 15, 17 are spaced from the chamber body 12 and the

25 nozzle body 14 and define upper and lower fluid ducts 22, 24 between the walls 15, 17
and the chamber/nozzle body 12, 14. The upper and lower fluid ducts 22, 24 have
upper and lower iniets 30, 32 respectively for introducing a gas into the ducts 22, 24.
The upper and lower outer walls 15, 17 also define an upper elongate gas aperture 26

above the array of nozzle apertures 16 and a lower elongate gas aperture 28 below the



end of the array is the largest and the nozzle apertures gradually
decrease in size 20 towards the nmiddle of the array. Each of the
nozzl e apertures 16 is provided with an individual flow regulator in
the formof a valve 21. The valve 21 cangbe controlled to alter the
flow rate through the specific nozzle 16. Upper and |ower outer walls
15, 17 are spaced fromthe chanber body 12 and the 25 nozzle body 14
and define upper and lower fluid ducts 22, 24 between the walls 15,

17 and the chanber/nozzle body 12, 14. The upper and |lower fluid
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attached to the outer walls 15, 17 and project away fromthe walls

15, 1% andMB@LSl e body 14 in a direction substantially perpendicul ar
to the end faces. It nay be possible to vary the angle of the guide
pl at es

Upper and lower guide plates 34, 36 are attached to the outer walls 15, 17 and project

away from the walls 15, 17 and nozzle body 14 in a direction substantially
perpendicuiar to the end faces. It may be possible to vary the angle of the guide plates
20  with respect to the nozzle bedy 14, The upper guide plate 34 is positioned just above
the upper elongate gas aperture 26 and the lower guide plate 36 is positioned just
below the lower elongate gas aperture 28. As can be seen from Figure 9, the upper
guide plate 34 is longer than, and therefore projects beyond, the lower guide plate 36.

25 The spray nozzle 10 can be used with the laser cladding apparatus 100 of Figure 4 to
deposit a coating 3 on the surface 2 of a substrate 1. In use, metal powder is fed to the
powder supply chamber 18 through the supply duct 20 using a carrier gas. A carrier
gas is also supplied to the upper and lower fluid ducts 22, 24 through the inlets 30, 32.
The metal powder is mixed in the powder supply chamber 18 and is caused fo exit the



20 with respect to the nozzle body 14. The upper guide plate 34 is
positioned just above the upper elongate gas aperture 26 and the

| ower guide plate 36 is positioned just bel ow the | ower el ongate gas
aperture 28. As can be seen fromFigure §. the upper guide plate 34
is longer than, and therefore projects beyond, the | ower guide plate
36. 25 The spray nozzle 10 can be used with the |aser cladding
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Consequent |y the powder coating is inproved, because the b t he
powdetl | MPESRIAYL he nelt pool on the substrate surface 2, W thout
excess 10 overspray. The spray nozzle 10 can deposit a focussed

powder sheet (or stream which does not diverge to the sane extent as
powder ej Eut sraf morzle dveant deposiit anfozu$wesl. pdiides sheain®r straam) vhichpdomg not

nozzl e 10 0 urt her ana t he surface of_the . .
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layer deposited.

The guide plates 34, 36 help to guide the powder and the carrier gas. Since the upper
guide plate 34 is longer than the lower guide plate 36 the spray nozzle 10 can be used

20 atan angle relative to the substrate surface whilst ensuring that the guide plates 34, 36
fulfil their function of guiding the powder and the carrier gas.

The composition of the carrier gas that exits the elongate gas apertures 26, 28 may be
the same as the composition of the carrier gas used to deliver the metal powder; this

25 may help to avoid mixing of gases. The carrier gas exiting the elongate gas apertures
26, 28 may exit at a different velocity from the powder sheet exiting the array of nozzle
apertures 16. Further, the carrier gas exiting the elongate gas apertures 26, 28 may be
at a higher temperature than that of the powder sheet so that the gas pre-heats the
powder sheet before it interacts with the laser beam 104.
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guide plate 34 is longer than the | ower guide plate 36 the spray
nozzle 10 can be used 20at an angle relative to the substrate surface
whi | st ensuring that the guide plates 34, 36 fulfil their function of
gui ding the powder and the carrier gas. {jhe conposition of the

carrier gas that exits the elongate gas apertures 26, 28 may be the
sanme as the conposition of the carrier gas used to deliver the netal
powder; this 25 nmay help to avoid m xi ng of gases. The carrier gas
exiting the el ongate gas gpertures 26, 28 may exit at a different
velocity 119 mdﬂ%‘g“defﬂ&@? 23 e egupts ﬁ@ flometheeyal) theringiyidupknazsier anaries.
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In some embodiments it may be possible to tilt or twist the spray nozzle 10 about a

central axis located along the length of the spray nozzle 16. This has the effect of

reducing the width of the coating deposited whilst maintaining a uniform thickness.

20 The spray nozzle 10 may be cooled by either the carrier gas exiting the elongate gas
apertures 26, 28 or by a closed cooling system such as a water jacket.

It may be desirable to use two or more spray nozzles 10 with the laser cladding
apparatus 100. For example, two nozzles 10 may be arranged side-by-side, on top of

25 one another, or positioned either side of the laser beam 104 but directed towards the
same target.

The present invention enables a laser deposition apparatus to be provided which
improves powder usage efficiency, improves the powder catchment rate, and minimises
30 the thermal disruption per unit mass .added.



15 In some enbodinments it nmay be possible to tilt or twi st the spray
nozzle 10 about a central axis |located along the |l ength of the spray
nozzle 16. This has the effect of reducing the width of the coating
deposi ted whilst maintaining a uniform_tfickness. 20 The spray nozzle
10 may be cooled by either the carrier gas exiting the el ongate gas
apertures 26, 28 or by a closed cooling systemsuch as a water

jacket. It may be desirable to use two or nore spray nozzles 10 with
the | aser, ¢l addi.ng appar at us 100 r exanple, two nozzles 10 may be
arr anged @ﬁ@@gﬁy? GasiB5eh e%m?egffhégt?'sr%@r%}h"&%@w srfopBse Mithradases ¢lading
si de of thspdramer1opeaswiPhe Peddif) dppaté té BMaSKRed Metha e tﬁé‘gﬂ%g-nozzle 10
The present invention enables a’l aser deposition apparatus to be

provi ded WAY &8 Ysegritieathenivpes i sasee depesitorearparatussuch @s lasar waldider
cat chnent : ini mses 30 the thermal disruption per unit
nass.addg%%§h§f¥%§ggﬁhpt has been described that the spray nozzle 10
is forSuse with a | aser cladding apparatus 100, as will be readily
apparent to one skilled in the art, the spray nozzle 10 nay be used
with other types of |aser deposition apparatus such as | aser wel ding,
brazing or soldering. - 12 - CLAIMS 1A spray nozzle for a | aser
deposi ti on apparatus, conprising:



5 an array of nozzle apertures arranged si de-by-side; and a
powder supply chanber in fluid comunication with the nozzle
apertures and arranged in use to supplﬁ powder to the nozzle
apertures under pressure so as 10to ca gé a w de powder sheet to be
ejected fromthe array of nozzle apertures wherein at

| east one nozzle aperture within the array is provided wth a
controllable flow 15regul ator configured to alter the flow rate of
powder through the said nozzle. A sgLMMS$0zzle according to claim]1,
wherein the array of nozzle apertures 1s a linear array. A spray
nozzl e according to claiml or 2, wherein the nozzle apertures are of
differing sizes. A spray nozzle according to claim3, wherein the
nozzl e apertures towards the edges of the array are larger than the
nozzl e hper tAspsay nowe fortamser ddpesitibn bppamtus\comprigiicay nozzl e
according to any preceding claim wherein each nozzle aperture within
thedarray is provided with an individual controllable flow regul ator
configured t I dheough-ht. A spray

nozzl e accor%?%gﬁﬁgfQﬁgﬂ%fgﬁggﬁ%ga@%g?m\J§§%$%B%h§n§ndividual fl ow
regulator is provided in the formof a valve. - 13 -

a powder supply chamber in fluid communication with the nozzle apertures and
arranged in use to supply powder to the nozzle apertures under pressure so as

10 to cause a wide powder sheet to be ejected from the array of nozzle apertures
wherein

at least one nozzle aperture within the array is provided with a controllable flow

15 regulator configured to alter the flow rate of powder through the said nozzle.
2 A spray nozzle according to claim 1, wherein the array of nozzle apertures is a
linear array.
20 3 A spray nozzle according to claim 1 or 2, wherein the nozzle apertures are of

differing sizes.

4 A spray nozzle according to claim 3, wherein the nozzle apertures towards the
edges of the array are larger than the nozzle apertures towards the middle of the
25 array.

5 A spray nozzle according to any preceding claim, wherein each nozzle aperture
within the array is provided with an individual controllable flow regulator
configured to alter the flow rate of powder through it.

30
6 A spray nozzle according to any preceding claim wherein the individual flow

regulator is provided in the form of a valve.



7A spray nozzle according to any preceding claim further conprising
upper and | ower elongate gas apertures |ocated above and bel ow t he
array of nozzle apertures respectively.and extendi ng substantially
parallel to the array of nozzle 5aperfd?és, wherein the upper and

| ower el ongate apertures are arranged to eject a w de gas stream
above and bel ow the wi de powder sheet. A spray nozzle according to
any preceding claim further conprising upper and | ower guide plates

| ocat ed above and bel ow the array of nozzle apertures respectively

and extending so as to guide the flow of powder ejected fromthe
spray nbzzl egiSﬁr%@QZZAe apeelylintoleany presst margalm furlentarapdsing uepar and

which ext endCyeh EiERI® BAS Bhe R LersH IRV PbABWIER MY broldiRie
suppl y chanbgsertures sespebtisslyand@zahdingGubsthntiglly pasiiyl 1 heestagof nozzle

claim wherein the array of nozzle apertures is fornmed in a nozzle
bod$. A | asc?PdREBS WherginfsurRarancoiepier siaiyale pRgRyres agAgEnaes to eject

generate a w gﬁ‘dé 856 6trBERMGRA ShPBERW RBAFIE dolv it Shkdance wi th any
of clainms 1-10.
8 A spray nozzle according to any preceding claim, further comprising upper and
lower guide plates located above and below the array of nozzle apertures
10 respectively and extending so as to guide the flow of powder ejected from the

spray nozzle in use.

9 A spray nozzle according to any preceding claim, wherein a wall of the powder
supply chamber is provided with ribs which extend generally in the direction of

15 flow through the powder supply chamber in use.

10 A spray nozzle according to any preceding claim, wherein the array of nozzle

apertures is formed in a nozzle body.

20 M A laser deposition apparatus comprising a laser arranged to generate a wide

laser beam and a spray nozzle in accordance with any of claims 1-10.



