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(57) Abstract

Apparatus for the production of powders or spray deposits is
provided in which a metal or metal alloy stream is broken up into ato-
mised droplets by primary jets of atomising gas. In order to remove
further heat from the atomised droplets, secondary jets are positioned
adjacent the primary jets for directing cooling fluid in the form of cry-
ogenic liquified gas at the atomised droplets. The apparatus permits
the formation of coarser powders, powders from alloys with a wide sol-
idus/liquidus gap in a shorter atomising chamber, or spray deposits
with increased yield of deposited material.
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ATOMISING APPARATUS & PROCESS

This invention relates to a method and apparatus for atomising a
liquid stream of metal or metal alloy. In one aspect the invention
relates to producing powders, particularly coarse powders and powders
from metal or metal alloys that have a large solidus-liquidus
temperature gap. In another aspect the invention relates to an
improved spray deposition process.

A problem with the production of coarse powders where optimisation of
yields within coarse size ranges are required, for example as-atomised
powders with a mean particle size typically greater than 100 microns,
is that the recovery of the powder can be markedly reduced by
deposition and/or coalescence and/or adherence of hot coarse particles
in a soft and/or semi-liquid state on the surfaces of or within the
containment vessel in which atomisation is carried out. For example,
in a typical atomising unit for producing powder by atomisation of a
liquid metal or metal alloy stream, the metal is atomised in an
atomising chamber which is about 4.5 metres in height. In order to
produce powders with high vields in coarse size ranges in such an
apparatus the liquid metal or alloy stream has to be broken up by
means of a low atomising gas to metal ratio. Whilst this provides
less break-up of the stream and thus coarser particles, many of the
particles will remain too hot for too long, both due to the
intrinsically slower cooling of coarse powders and the low ratio of
cold gas to metal concomitant with the achievement of the coarse
powder, so that some particles will still be liquid or semi-liquid or
soft when they reach the base of the atomising chamber and therefore

will splat, agglomerate and adhere on the chamber base. As will be
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understood this reduces the possible recovery of metal powder of a
particular 'sizerra.ﬁge from the'totral metal poured. The build up of
depositéd material causes a further Problem' in atomisation chambers
where a base exit plpe for continuous removal of the product is
provided since ther build up of deposit can block the powder/gas exit
and cause the process to be halted.

A similar problem is encountered when producing powders from metal
alloys whlch have a wide solldus to 11qu1dus gap and which also
requlre, on the cne hand a spec1f1c low gas to metal ratio in order to
provide the desired powder particle sme and, on the other hand, as
much relatively cold gas as possible in the immediate environment of
the powder particles composing the spray in orcier to remove sufficient
heat to ensure that the particles are solid by the time they reach the
base of the chanber.

One solution would be to mcrease the height of thé atomising chamber
o) ‘Eha‘c the rparticles would havé a longer time to cool in flight
before reaching the base of the atomising chamber. However, such a
solution is not a practical one ih view of the size of apparatus that
would be required and inéfeased costs of buildings to house the
equipment;

A problem when 'effecting spray déposit ion of gas atomised metal or
metal alloy is to ensure that depositing droplets are sufficiently

‘solidified and of such a 'éize to provide optimum depositing conditions
and yield which tends to be reduced the greater the spray height.
Accordingly, an object of thls 1nvent10n is to provide a method of
-atomising and an atomising apparatus whlch permits the production of

cda.rse powders or powders with a wide solidus/liquidus gap, or semi-
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solid/semi-liquid droplets for deposition to be produced in a
relatively compact atomising unit.
According to one aspect of the present invention there is provided a
method of atomising a liquid stream of metal or metal alloy comprising
the steps of:

teeming a stream of molten metal or metal alloy into an atomising
device,

atomising the stream with atomising gas at a temperature less
than that of the metal or metal alloy to form droplets of metal or
metal alloy,

and removing further heat by directing cooling fluid at the
stream or droplets. Preferably the atomising gas issues from first
jets and the cooling fluid issues from second jets directed at the
atomised droplets. The method may be for the production of coarse
powder or powder from alloys with a wide solidus/liquidus gap, said
secondary jets being of low velocity so as to have substantially no
effect on the particle size distribution which is determined
substantially solely by the gas of the primary jets. Alternatively,
the method may be for the production of spray deposits. The secondary
jets may be arranged to be positioned closely to the atomising gas
jets to facilitate efficient mixing and incorporation into the spray
of metal or alloy particles and droplets or, alternmatively, the
cooling fluid and atomising gas may be applied through the same jets.
Suitably, the cooling fluid is a liquified inert gas such as Argon or
Helium or liquid Nitrogen directed at the atomised droplets at low
pressure, for example of the order of 0.5 to 2.5 barg, so that they

merel? further cool the' droplets but do not affect their size. The
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atomising gas is suitably Aii‘, Argon, Helium, or Nitrogen. The use of
cryogenic liquified gas such as Argon or Nitrogen permits production
of low oxygen cohtent particles. The selection of Nitrogen or Argon
for example, is made on the basis of the reactivity of the liquid
ri\etal or alloy constituents and the propensity for nitride formation
and its desirability.
Acoording to another aspeot of the invention there is provided
atomising apparatus cdnprising an atomising device for receiving a
stream of molten metal or metal alloy to be atomised, means for
directing atomising gas, at artemperature less than that of the metal
or metal 'alloy; at the liqu'idrstream torbreak the stream into atomised
droplets, and means ‘for directing cool ing fluid at the stream or
atomised droplets for rerhoving further heat therefrom. In the
preferred arrangement the means for oirecting rthe atomising gas
comprises primary jete and the means for directing the cooling fluid
comprises secondary jets directed at the atomised droplets. However,
alternatively, the atomising gas and cooling ,fluid may be introduced
simultaneously througl'i common jei:s. Preferably the cooling fluid is
appl 1ed through the secondary jetsr so as to extract heat without
sul_:stantial ly affectingrfhe size distribution which is determined by
the atomising gas. | | 7
Suitably,' the secondary jets are arranged to direct a cryogenic
liquified gas at fhe atomised droplejts, the liquified gas being
applied at low prasure,r typically, of fhe order of 0.5 to 2.5 barg.
In order to determine the amount of liquified gas to be appl iedr the
apparatus preferably also ihcludes means for moxiitoring the

i:emperature within the spray chamber relative to a set datum
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temperature so that a signal may be generated indicative of the sensed
temperature. The signal is suitably fed to control means for
controlling the supply of liquified gas according to the sensed
temperature reductions. The sensing means may be, for example, a
plurality of thermocouples positioned in the base of the spray
chamber. With the apparatus of the present invention it is possible
to achieve high yields of powder in size ranges which require mean
particle sizes of up to 250 micron for optimisation (e.g. -500+100.
microns where optimum mean particle diameter is 224 microns, or, -
300+150 microns where the optimum mean particle diameter is 212
microns, or, -180+75 microns where the optimum mean particle diameter
iz 116 microns). The supplied liquid gas is preferably liquid
Nitrogen.
Alternatively, the apparatus may be used to produce spray deposits on
a suitable collector.
The invention will now be described by way of example with reference
to the accompanying in which:

Figure 1 is a diagrammatic sectional side elevation of a gas
atomising apparatus in accordance with the invention;

Figure 2 is a diagrammatic side elevation of apparatus for
producing powders including the atomising apparatus according to the
invention together with an alternative base arrangement;

Figures 3(a) and 3(b) show the effect on the temperature of the
spray and the cooling effect of applied liquid Nitrogen of the ratio

of liquid Nitrogen, flow rate to gaseous atomising Nitrogen flow rate

for different gas to metal ratios;
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Table 1 illustrates the effect of applied liquid Nitrogen on 304
‘type stainless steel under various conditions, and
'i‘able 2 illustrates the effect of applied liquid Nitrogen on two

different alloys A and B having a wide solidus-liquidus freezing
range. |
In Figure 1 an atomising apparatus for gas atomising liquid metal or
alloy is rshown comprisiné a refractory or refractory lined crucible or
tundish {1) for coﬁtéinihg liquid métal or alloy (2). The fundish (1)
has a ceramic nozzilé' bottom metering device (3) to provide a liquid
metal or alloy stream (4) of a desired dia;mete_r. - The liquid metal or
alloy stream (4) teems into a central opening in a primary gas

7 atofnisi,ng deviéé (5) which causes a rplurality of high velocity gas
jets (6) to be directed at the liciuid metal or alloy stream (4) so as
to break the stream up into a épray of atoﬁised droplets (7). The
primary atomising gas jets (6) are composed preferabiy of Nitrogen,
Argon or Helium to provide uhoxidised droplets of metal or alloy but
Air-may also be used wheré oxidation is permissable or desirable.
The atomising assembly also; includes a secondary spray station (8},

, disposed'dovmstream of ther primary atomising gas jets (6), containing
a plurality of secondary jets (9) which apply liquid Nitrogen or
,liquid Argdn sprays (10) to the liquid or semi-liquid/semi-solid
atomised droplets. '

In the production of powder, the liquified gas applied at the
secondary spray station (8) is kept at relatively low pressure, for
example 045 to 2.5 barg, so that its low température removes heat from
the gas/metal spray but 1ts velocity does not make the particrlres

finer. Therefore, the liquified 'gas spray does not alter the particle
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size distribution of the powder produced which is determined
substantially, or solely by the primary gas atomising jets (6). It
has been found that the secondary liquified gas jets work
satisfactorily at a distance of 100mm from the primary gas atomising
jets (5) and a secondary liquid gas spray unit consisting of six jets
of 4mm diameter at an angle of thirty degrees to the axis of the metal
stream (4) with a pitch circle diameter of 125mm works well.
Figure 2 shows the apparatus of Figure 1 as applied to powder forming
apparatus. In this figure the crucible/tundish metal dispensing
system (11) with liquid metal (12), the gas atomising device (13) and
secondary liquified gas spray device (14) are positioned on a spray
chamber (17). Atomising gas is supplied to the atomising device (13)
via an inlet pipe (15) and liquified gas is supplied to the secondary
liquified gas spray device via an inlet pipe (16). At the base of the
spray chamber is a powder collection vessel (18), the chamber
addi‘;ionally containing a gas exhaust pipe (19).
At the base of the spray chamber a temperature sensing device (21),
which may be in the form of a thermocouple or a plurality of
thermocouples, for example, measures the temperature of the powder gas
supply and transmits a signal to a temperature controller (22). The
temperature controller (22) includes a comparator which compares the
measured temperature with a preset datum temperature and according to
the difference either increases or decreases the liquified gas flow
rate to the secondary liquified gas spray jets (14) by activating the
liquified gas control valve (23) via a current to pneumatic pressure
(P/1) converter (24). In this way, the application of liquified gas

to the spray can be controlled to give a desired temperature to the
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spray at the chamber base which is,selectéd to be sufficiently low to
prevent semi-liquid/semi-solid, or liquid, or very hot and soft
particles being present at the chamber base and causing depositionr,
agglomerétion and adhesion to the base of the chamber.
As illqurated in the lower part of Figure 2, an alternative base
des-ign may be used. For exampie, therchamber base design ca.ﬁ
accommodate continuous removal of powder usiﬁg the spent atomising gas
as a conveyirig mediuni via an exit pipe (30) to a powder colleéfion
device (e.g. é cyclone, not shown) external to the chamber.
This invention is particularly applicable to the production of coarse
Use of cryogenic liquified gas provides a largé heat sink to the
atomised metal spray as the coldvliquifi,ed gas is heated and vaporised
to reach the equilibrium temperature with the cooling atomising gas
and netal alloy particles.
The extent of thié he_at sink prdvidéd by the cryogenic liquified gas
caﬁ be seen to be significant by reference to Nitrogen, the specific
heat for which is approximately 1.04 KJ/Kg/deg C over the range 100
deg K to 300 deg K with a latent heat of evaporation of approximately
220 KJ/Kg which is compai‘able' with the latent heat of solidification
of steel t273 KJI/Kg) . -The heat balance, assuming heat transfer to
'equilribriurru and no.éocling to the afomising chamber walls, caﬁ be
described by the following equation: |
M, [Chy (To-T) + Es] = M Cmyp (T-Ta) + Min Cpin (T+196) + My He
where o
Mn = " mass liquid metal flow rate

Cpm - specific heat of liquid metal
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Hs = latent heat of solidification
an = mass atomising Nitrogen gas flow rate
Cen2 = specific heat of Nitrogen
‘:dln = mass liquid Nitrogen flow rate
He = latent heat of evaporation of Nitrogen
P = pouring temperature of metal, deg C
Ta = ambient temperature, deg C
T = temperature of spray comprising metal and gas

mixture
The extent of the cooling effect of the liquid Nitrogen is given by
A T where & T = T2-T where T2 is the temperature of the spray
mixture without liquid nitrogen being added (ie. Mi; = 0 in the
above equation).
Figures 3(a) and 3(b) show the effect on T and A T of the ratio of
liquid Nitrogen flow rate to gaseous atomising Nitrogen flow rate for
different atomising gas:metal ratios (GMR). The effect of liquid
Nitrogen on cooling the spray (AT) is increased at low atomising
gas:metal ratios (see Fig. 1(b)). It is worth noting that at
atomising gas:metal ratios of say 0.5, which would provide a coarse
powder, the spray temperature reduction, & T, is of the order of 500~
600 degs C.
The effect of liquid Nitrogen secondary jets on the amount of deposit
formed on thé chanber base during atomisation of 304 tyi:e stainless
steel (18 wt% Cr; 9 wt% Ni; 0.15 max wt% C; balance Fe) atomised under
various conditions to a range of mean particle diameters is shown in
Table 1. The atomiser chamber height was 4.5m and Nitrogen was used

for the atomisation gas.
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It is evident f.hat the mean pert icle diameter of the powders produced
increased with decrease in atomieation gas flow rate:metal flow rate
ratio. Without application of liquid Nitrogen through secondary jets
into the atomising spray ne base deposit ﬁas obtained at an atomising
gas:metal ratio of 1.1 and mean particle diameter of 83.1 microns (see
Run A). However,r at an atomising gas:metal ratio of 0.69 and mean
particle diameﬁer of 93.7 microns a base deposit of 6.1% of the
material atomised was ebtained (Run B) which caused significant loss
of yield and rpi'ractical difficulties in transporting powder from the
c.hamber.and cleaning the chamber base. Run C, at an atomising gas:
metal ratio of 0.81 and a mean particle diameter of 93.4 microns
(similar to Run B) but with eppl ication_ of li’qpid Nitrogen cooling did
" not produce a base deposit. No base deposit wasr produced in Runs D,
E, and F which exhibit decreasing atomisation gas:metal ratios and
increasing mean parficle diameters of the powders produced of 118,
187, a_nd 296 microns. Run G, producing a mean particle diameter of
368 microns, did exhibit e base deposit even with a liquid Nitrogen
- flow rate of 9.3 Kg per minute: however, the deposit was only 1.2%.
Runs H and I were carried out at very fast Vmetal flow rates of greater
than 40 Kg per mmute and daplte the appl 1cat10n of a liquid Nltrogen
spray la.rger base depos1ts were obtamed of up to 16.5% in Run I.
Clea.rrly,r the use of the secondary liguid Nitrogen jets facilitates the
production, without base deposits a;id eoncomitant losses in vields,
'difficulties in powder extraction from the chamber and chamberr
clea.ning, 'of; powders with mean particle diameter of up to 296 microns
: whereas withohf liquid Nitregen, powders witrhr a maximum only of

between 83 and 93 microns could be produced. Conversely, use of a
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secondary liquified gas spray jet system permits the atomising chamber
height to be minimised for production of a metal or metal alloy powder
of any required specific particle size distribution without problems
of deposition of product on the base of the chamber.
Although the invention has particular advantage in producing coarse
powders, it may also be used in other applications, for example, with
alloys with a wide solidus-liquidus freezing range. For example, by
using the method and apparatus of the present invention, alloys of Cu,
30 wt% Pb, 0.05 wt% P (Alloy B) and Cu, 10 wt% Pb, 10 wt% Sn, 0.2 wt%
P (Alloy A), which have pour temperatures of between about 1180
degrees Centigrade and 1250 degrees Centigrade and an effective
solidus of 327 degrees Centigrade (the melting point of the immiscible
lead) can be atomised to produce powder in compact atomising chambers
of 4.5m in height without significant losses in yield due to
agglomeration and adherence of powder particles to the base of the
atomising chamber.
Table 2 shows the effect of using secondary liquified gas jets on
decreasing the extent of base deposits obtained during atomisation
runs on both alloys. The percentage of metal alloy atomised which was
retained as a solid agglomerated deposit on the base of the atomiser
chamber was reduced by one sixth to one tenth of that obtained without
the use of secondary liquified gas.
A further application of the use of liquified gés injection is in the
production of spray deposits. In the production of spray deposits,
liquid metal or metal alloy is sprayed onto an appropriate collector.
The process is essentially a rapid solidification technique for the

direct conversion of liquid metal into a deposit by means of an
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integrated gaS—atomising/spray dépositing operation. A controlled
stfeam of molten xﬁetal is teemed in'tor a gas atomising device where it
is impacted by high velocrirty jets of gas, usually Nitrogen or Argon.
The resulting spray of metal droplets is directed onto the rrcollector
where the atomised droplets, rwhich consist of a mixture of fully
liquid, semi-solid/semi-liquid and solid particles, are deposited to
form a highly dense deposit. The collector may be fixed to a control
mechanism which is programmed for the collector to perform a sequence
of movements urrlderrthe spray, so that the aeﬁired deposit shape can be
generated. | Ih many situatians, the sprayiitsel_f is also moved and
‘many deposit shapes can be generated including tubular shapes,
billets, flat produétsr and coated articles. Such products can either
be used directly or can be f‘urther processed normally by hot or.cold
working with or without the coilector. The above methods are
décribed in more detail in oui; prior patenté including UK Patents
Nos. 1379261; 1472939, and 1599392, and European Patent Publications
200349; 198613; 225080; 244454, and 225732.
In the above methods afanis;ng éonditions are selected (e.g. the
distance from the atomiser to the col lector surface, the gas to metal
ratio, etc.) to ensure on deposition that ra coherent deposit can be
formed which is sufficiently solidified that it is self supporting
(rire'. the collector does hot femlire side walls' to prevent liquid metal
movement ras in a*_césting i:roceﬁs') . To é.chieve these conditions a high
gas to metal :atio must be used to ensure a finely atomised spfay with
its associated high surface area er pfomoting rapid cooling.
Altrernatively,r a long spray distance is. required to increase the time

availablé for cooling. Each of tn&e two conditions have been found

"
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to have disadvantages. For example, if a high gas to metal ratio is
used, the proportion of very fine particles (e.g. less than 20
microns) in the spray will increase. Such fine particles solidify
extremely rapidly and arrive on the surface of the collector or the
already deposited metal in the fully solidified condition, typically
at the same temperature as the atomising gas. The high velocity
atomising gas is deflected when it impacts the deposition surface and
lateral movement of the gas often carries a proportion of the very
fine particles (which have a low momentum) away from the deposition
surface and they are not deposited; ie. the fine particles are carried
in the direction of the gas. In addition, some of the solid particles
can bounce on the surface of the deposit and also subsequently be
carried away by the atomising gas. Consequently, the yield of metal
deposited is reduced which in turn adversely affects the economics of
the process. The coarser particles (e.g. >20 microns) in the spray
are generally semi-solid/semi-liquid or fully molten én deposition
because of their lower cooling rate. Therefore, because of their
higher momentum and increased liquid content are less likely to be
carried away by the atomising gas and are more likely to stick to the
deposit surface. Consequently, in terms of deposited yield, fine
particles in the spray are undesirable.
The use of a large spray distance (often necessary to generate
sufficient in-flight cooling) can also be undesirable as the atomised
spray is generally of a diverging cone shape and therefore at longer
spray distances a larger proportion of the spray can miss the

collector thereby reducing the vield of spray deposited metal.
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Finally, for a given spray height and gas to metal ratio there is a
limit on the maximum metal flow that can be tolerated through the
atomiser before the spray deposit becom&s too high in liquid content
and is no ldnger self supporting. Consequently, there is a limitation
on the rate of productbn of spray deposits. |

By means of fhe present invention the above three Iimitatior_xs can be
markedly reduced in thein effect. For example, the use of anrinjected
‘liquified phase increases cogling during flight of the initially
atomised droplle’cs ana therefore é higher metal flow rate can be
téleratedf As a second option, the'spré.y height can be reduced as a
result of an increased rate of cooling, therefore increasing the
vield. A third option ié to reduce the gas to metal ratio during the
atomisiné stage thereby produci'.‘ng a coarser spray bqt compensating for
the normally lower cooling rate of a coarser spray by injecting a
liquid phase into the spray.- All these effects can be generated
either individually or in combination With each other.

The invention has been shown to have particular advantages with alloys
of high latent heat and/or with alloys of relatively low melting
point. For example, the invention is pérticularly advantageous when
practised with aluminium alloys which have a low melting pint (e.g.
approx. 660 degrees Oentigréde) relativé to the atomising gas
temperature (normally ambient témperature) and arhirgh latent heat
(e.g. Al-20%si aIloYs)r. ' 7

Neverthelss, the. invention can be appl_ied fo all metals and metal
alloys that can be meltéd including magnesium alloys, copper alloys,
nickei and cobalt base alloys, titanium alloys, iron alloys, etc. The

invention is nofmaliy practised in the same manner as that described
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for coarse powder production in that the gas atomising stages and
liquid injection stages are separate and the injected liquified gas
does not markedly influence the size of the atomised droplets but only
their subsequent cooling rate. In addition, the injected liquified
gas is normally the same chemical composition as the atomising gas
preferably Nitrogen or Argon. However, an alternative method of
operating the invention is to inject the liquified gas together with
the gas of the same composition through the same atomising jets. This
has the advantage of providing a more intimate mixture with the
subsequently atomised metal droplets. The liquid phase also changes
to its gaseous state during atomisation and deposition therefore
extracting a considerable amount of heat during the state change.
Furthermore, the gas flowing over the surface of the depesit surface
also assists in cooling.
EXAMPLE OF THE USE OF LIQUID NITROGEN IN THE PRODUCTION OF SPRAY-

DEPOSITED BILIET PREFORMS

The example below illustrates the conditions used for the production
of two identically shaped preforms (150mm diameter x 100mm height) in
a T5 high speed steel alloy. In both cases atomised high speed steel
was deposited onto a rotating disc-shaped collector. In Example A
only atomising gas was used in the conventional manner of production
and the metal flow rate required to give a preform of high density
(typically greater than 99.5% of theoretical density with a grain size
in the rate 10-25 microns) was 28Kg per minute. In Example B liquid
Nitrogen was introduced into the spray below the main atomising gas
jets. Otherwise, the atomising was carried out under identical

conditions to Example A. However, in this case, by the introduction
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of 5Kg per minute of liquid Nitrogen the metal flow rate can be

increased to 43Kg per minute to produce a spray-deposited preform of

- similar quality to that of Example A.

EXAMPLE A EXAMPLE B

Alloy . | | T.15 T.15
Metal Dispensing Temperature (deg.C) 1530 1530
Metal Flow Rate (Kg per min.) . 28 43
Atomising Gas {N2) Flow Rate (:ﬁBber min.) 21.8 21.8
Liquici Nitrogeanlow Rate"(Kg per min. )' 0 5

Atomising Gas to Metal Ratio (Nm3 per Kg)r 0.78 0.51
Overalrl Gas to Me’t::aeratio (Nm3 per Kg) 0.78 ' 0.65
Spray Height (mm) 520 ' 520
C§llector Diameter (mm) ' | 150 150
Ebliector Rotation.Speed (Hz) . | 3.2 3.2

Our prior patent for spray deposition (Patent Publication No. 198613)
also claims methods for producing rapidly solidified deposits or metal
matrix 'compdsites rwhere particles of the same or different composition
(eifhér méfallic or non-metallic) of the 'metal to be atomised are
introduced into the atomised spray and subsequently spray deposited.
By means of the present invention thére is provided a method for using
- the injected liquid pharser (,e.g. liquid Nitrogen) to condﬁct the
pé;ticlas into the atdnised spray. Such a method of incorporating the
' particle.é into a liquid offers a very simple method of carrying
particles into the spray, particularly finé particles (e.g. <40

microns) which can be difficult to transport by conventional means.
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CLAIMS
1. A method of atomising a liquid stream of metal or metal alloy for
the production of powders or spray deposits comprising the steps of:
teeming a stream of molten metal or metal alloy into an atomising
device,
atomising the stream with atomising gas, at a temperature less than
that of the metal or metal alloy, to form droplets of metal or metal
alloy, and
removing further heat by directing cooling £ luid at the stream or
droplets.
2. A method according to Claim 1 wherein the atomising gas issues
from first jets and the cooling fluid issues from secondary jets
directed at the atomised droplets.
3. A method according to Claim 1 wherein the atomising gas and the
cooling' fluid are applied through the same jets.
4. A method according to Claim 2 wherein the secondary jets are of
low pressure and have substantially no effect on the particle size
distribution which is determined substantially solely by the gas of
the primary jets.
5. A method according to Claim 2 or 4 comprising positioning the
secondary jets closely to the atomising gas jets to facilitate
efficient mixing and incorporation into the spray of netal or metal
alloy droplets.
6. A method according to Claim 2, 4, or 5 wherein the secondary jets
direct cryogenic liquified gas at the atomised droplets at a low

pressure between 0.5 and 2.5 barg.
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7. A method according rto any one of the preceding claims wherein the
cooling fluid is crryogenicr liquified gas which changes to a gaseous
phase during cooling of the droplets.
8.  a methodraccording to any one of fhe pfeceding claims for
producing powder comprising the further steps of sensing the
temperaiure- of the spréy,' comparing the sensed temperature with a pre-
determined datum and varying ‘l;he cool ihg fluid flow according to the
compared rélétio@ip. |

9. " Atomising apparatus for the production of powders or spray
deposits, the apparatus comprising an a’co;nising device for receiving a
stream of molten metal or metal alloy to be atomised, means for
directing atomising gas, at a temperature less than that of the metal
" or metal alloy, at the liquid étream to break the stream into atomised
. droplets, and means for directing cobling fluid at the stream or
atomised droplets_ for removing further heat therefrom.
_10. Apparatus é.ccordihg to Claim 9 wheréin the means for directing
at;omisiné gas comprises .primary jets and the means for directing
cobl ing fluid c';omprises sec__onda.i’y jets dire;ted at the é.tomised
drép-lets. |
11. Apparatus according to Claim 9 wheréin the atomising gas and
codl ing fluid are introduced simultaneoﬁsly' thfough common jets.
12. Apparatus accordiné to Claim 10 wherein the secondary jets are
~arranged to direct cryogenic liquified gas atr the atomised droplets,
the liquified gas being applied at low préssure relative to the
. primary gaseous jets. '
13. Apparatus éccord}ng to Claim 12 wherein the pressure of the

liquified gas is between 0.5 and 2.5 barg.
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14. Apparatus according to any one of Claim 9 to 13 including a spray
chamber, sensing means for monitoring the temperature within the spray
chamber, and comparator means for comparing the sensed temperature
relative to a set datum temperature and for generating a signal for
controlling the supply of liquid gas according to the compared
relationship.
15. Apparatus according to any one of the preceding claims 9 to 14
for producing powder, the apparatus further including powder
collection means.

16. BApparatus according to any one of the preceding Claims 9 to 14
for producing spray deposits, the apparatus further including a
collector disposed in the path of the atomised droplets and on which a
coherent deposit may be formed.

17. Apparatus according to Claim 16 wherein the collector moves
relative to the spray.

18. BApparatus according to Claim 16 or 17 wherein the gas atomiser
moves the mean axis of the spray during gas atomisation.

19. Apparatus according to any of Claims 16 to 18 including means for
introducing solid particles into the cooling fluid which acts as a
transport vehicle for the particles to be co-deposited with the

atomised droplets.
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