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A method of spray deposition in which an addition or reactant material is deliberately added for diffusion or reac-
tion with a base material being atomised. The addition may be particles of a different metal, metal alloy, ceramic or a non-
metallic material introduced into the stream or spray to form an alloying addition to the base material producing an alloy
whose composition prevents successful production by conventional or powder metallurgic technology. Alternatively the
addition may reduce by reaction the porosity in a forming deposit which would otherwise be present. In such a case the ad-
dition may be a reactive gas added to the atomising gas or a reactive material deliberately added to the base material to
react with entrapped atomising gas. A reaction can also be initiated to cause evolution of a gas so that porous or foamed

metal can be produced.




FOR THE PURPOSES OF INFORMATION ONLY

Codes used toidentify States party to the PCT on the front pages of pamphiets publishing international appli-
cations under the PCT.

AT Austria FR France ML Mali

AU Australia GA Gabon MR Mauritania
BB Barbados GB  United Kingdom MW Malawi

BE Belgium HU Hungary NL Netherlands
BG Bulgaria IT Twaly NO Norway

BJ Benin JP  Japan RO Romania

BR Brazil KP Democratic People’s Republic SD Sudan

CF  Central African Republic of Korea SE Sweden

CG Congo KR Republic of Korea SN Senegal

CH Switzerland . LI  Liechtenstein SU Soviet Union
CM Cameroon - LK Srilanka TD Chad

DE Germany, Federal Republic of LU Luxembourg TG Togo

DK Denmark MC Monaco US  United States of America

FI  Finland MG Madagascar




WO 89/05870 PCT/GB88/01106
-]

SPRAY DEPOSITION

This invention relates to the spray deposition of a
molten metal, metal alloy or non-metal in which a stream
of molten metal, metal alloy or non-metal e.g. ceramic is
atomised into droplets by high velocity atomising gas at
a temperature less than the molten stream.

In the spray deposition of molten metal or metal
alloy the atomising gas used 1is normally either nitrogen
or argon. However, in a spray deposition process, the
porosity of the deposit varies according to the atomising
gas used and the metal or metal alloy being atomised. For
example, the article "Spray Forming" constituting report
number 85CRD073 of May 1985 of General Electric reported
on an evaluation of disc preforms of Rene 80. Atomisation
was conducted with both argon and nitrogen and respective
densities of 99.4% and 99.9% were measured. The lower
density of the argon sprayed preforms was found to be due
to argon bubbles being trapped within the deposit causing
porosity. Similar porosity was not found in the preforms
made by atomising with nitrogen atomising gas because of
a reaction between the nitrogen gas and nitride forming
elements in the allov. However, not all metals act in
the same way and, for example, atomisation of copper
using nitrogen invariably will result in a deposit having
large pores leaving 1l to 4% porosity.

Also in the production of certain alloys it is often

the case that the alloying is limited by macrosegregation
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during solidification or, in the case of powder
metalluigy, by precipitation in the teeming nozzle during
atomisation. For example, in an ingot route only a
limited addition of aluminium can be added to stainless
steel due to subsequent segregation problems during
solidification and oxidation problems leading to
rformation of large oxides in the melt. In addition, if
an attempt is made to overcome these problems by using
powder metallurgy and atomising the alloy constituents
~from a metal then precipitates (e.g. aluminium oxide and
nitride) form in the pour nozzle restricting flow and
causing blockage.

An object of the present invention is to provide an
improved method of spray deposition. In the preferred
aspect the object is making improved and new alloys.

According to the present invention there is provided
a method of spray deposition comprising the steps of:

teeming a stream of molten metal or metal alloy or
non-metal base material through an atomising device,

directing atomising gas at a temperature less than
that of the liquid stream to break up the stream of the
base material into a spray of atomised droplets, and
applying an addition or a reactant material which is
deliberately added for at least one of: reaction with the
base material, reaction with the atomising gas, diffusion
within the base material, and evolution of a gaseous

phase within the base material.
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More particularly, according to one aspect of the
present invention there is provided a method of producing
an alloy by spray depositién comprising the steps of
atomising a stream of molten metal particles by
subjecting the stream to atomising gas directed at the
stream, and introducing into the spray of atomised or
atomising particles of the base material, or into the
molten stream just prior to atomising, solid or molten
particles of a different metal, metal alloy, ceramic or a
non-metallic material to form an alloying addition to the
base material and co-depositing the particles of the base
material and the alloying material under controlled
conditions such that the deposit formed comprises an
alloy of the base material and the alloying addition.
Partial or complete alloying can occur on deposition or
on subsequent cooling or may be finally completed by
diffusion during subsequent heat treatment or hot
working. The injection of particles composed of metals
of a low atomic number can be particularly beneficial as
diffusion can occur very rapidly.

The invention also provides a method of injecting
into the_spray of atomised particles of a base alloy,
solid or molten particles of a metal alloy, ceramic or
non-metallic compound which during flight or subsequently
on or after deposition, reacts with the base alloy to
form a dispersoid composed of constituents from both the

base alloy and the injected solid or molten particles.
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By this aspect of the invention a spray deposit of
an alloy is formed where the alloy has been formed by the
co-deposition of atomised particles of a base material
and applied particles of an alloying addition or a
reactant.

In a preferred method the alloying addition
particles are suitably applied by generating a fluidised
bed of particles in a gas stream from the bed into the
spray so that the alloying addition particles are
co-deposited with the atomised base material particles.
However, other techniques can be used including screw
feeding. Liquid metals can be added to the main spray
using a second spraying device arranging the relative
atomising rakes to provide the required volume of weight
fraction of alloying or reactant addition.

According to another particular aspect of the
present invention there is provided a method of forming a
deposit fromrgas atomised metal or metal alloy comprising
doping the metal or metal alloy and/or the atomising gas
with a material which will react on deposition to reduce
the porosity in the deposit which would otherwise have
been present without the addition of'said material. For
example, this aspect of the invention envisages
deliberately adding reactive gas to the atomisinng gas
and/or deliberately adding a reactive element to the
alloy to form a constituent which would not normally be
acceptable in conventional forming techniques due to

segregation problems but which, in the rapid
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solidification of an atomisirg process, improves the
density and/or the microstructure of the deposit.

It will be understood that the deposit formed in
accordance with the method of the invention may be of any
shape, for example bar, strip, plate, disc, tube or
intricately shaped articles or may be a coating. It may
also be used in the as deposited form or subsequently hot
or cold worked or thixotropically formed. The reaction
product formed in the deposit need not be solid.
Co-depositing a thermally unstable particle with the base
metal so that the particle vapourises when entrapped by
the depositing metal droplets will form a "foamed" metal
structure. The particle or the product of a reaction
between the particle and the matrix would be a material
that vapourises or decomposes to gas in the matrix. For
example, pre-expanded polystyrene beads may be used. These
are readily available as particles of about 0.1 mm in
size. The extent and size of the porosity could be
controlled by adjusting the liquid content of the
depositing metal and the volume fraction and size of the
injected particles.

Where the applied addition is solid and particula£e
so as to be co-deposited with the base material it is
very important that the heat extraction is carefully
controlled by control of the atomising conditions and the
temperature and rate of injection of the applied
particles. For example an atomised spray will typically

have a range of droplet sizes (e.g. 10-300 microns,
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approximating to a log-normal size distribution) and
these arrive at different temperatures and states of
solidification at the collector surface. For a given
alloy and atomising gas, the cooling rate in flight is
mainly éetermined by the size of an individual particle.
Under optimum conditions, the coarse particle (e.g. 300
micron) are deposited in the fully molten condition, the
fine particles (e.g. 10 microns) will be deposited fully
solidified at a temperature close to that of the
atomising gas, and the majority of particles of an
intermediate size will be deposited in the
semi-solid/semi-liquid condition or fully liquid
undercoated condition.

With the co-deposition aspect of the present
invention it is essential that the surface onto which the
particles of the base material and the alloying or
reactant addition are co-deposited is not at too low a
temperature as this leads to individual particle of the
base alloy retaining its-own indentity. Conversely, the
surface onto which the particles are co-deposited must
not be at too high a temperature as a thick layer of
molten alloy can build up on the surface of the deposit
and subsequently be ejected from the surface by the high
velocity gas and/or any motion of the collector.

Ideally, the conditions of co-deposition are
controlled in such a manner that a layer of

semi-solid/semi-liquid metal of controlled thickness is
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maintained at the surface of the deposit throughout the
co-deposition, so that individual particles from the base
alloy lose their identity in the semi-solid/semi-liquid
layer. The atomised particles of the base material in
which dendrite solidification has occurred during flight
are impacted at high velocity onto the surface of the
deposit resulting in dendrite fragmentation. The fine
pre-solidified particles and the coarse fully molten
particles of the base alloy add to the solid and liquid
content of the surface of the deposit. Thus the deposit
surface consists of a mixture of dendrite fragments of
the base material particles, pre-solidified particles of
the base material and ligquid metal from the base
materials together with the alloying or reactant
addition. The fine pre-solidified particles of the base
material, alloying or reactant addition and the dendrite
fragments partially re-melt in the liguid metal, aided
partly by the release of latent heat and the metal
solidifies uniformly and rapidly as the atomising gas
flows over the surface of the deposit. During this
operation the alloy or reactant addition may then melt
and/or diffuse into the base material to form a deposit
of the desired integrated alloy, or alternatively, the
material may chemically react with the matrix alloy or
some constituent of the matrix alloy or of the gas or
with a specially added constituent to the gas to reduce

porosity in the deposit or to form a second stable phase.
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Post heat treatment or hot working may be necessary in
some cases to complete the diffusion or reaction
processes.

As explained above the addition need not be applied
by the introduction of separate particles which
co-deposit into the base material. For example, the
atomisation of copper with nitrogen as the atomising gas
invariably results in 1 to 4% porosity in the deposit.
This is because nitrogen is inert with respect to copper.
By deliberately doping the copper base material with a
trace of aluminium, which reacts with the nitrogen, the
porosity in the end product may be reduced to less than
1%. Moreover, whilst aluminium nitride is normally
detrimental to the properties of an ingot due to
segregation the formation of large precipitates, the
rapid solidification of a spray forming process means
that the nitride is small and evenly dispersed and does
not constitute a problem. The copper desposit so formed
has a large grain size. If it is desired to reduce the
grain as well, this éan be achieved by the addition of
small amounts of oxygen in the atomising gas {(suitably by
the inclusion of air) which will provide a deposit with a
finer grain size and still with less than 1% porosity.
The free grain size produced during spray deposition can
be retained in the copper alloy if the grain boundaries
are prevented from moving after solidification is

completed. This is achieved by forming very fine oxide
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particles during atomisation that pin the boundaries and
so produce a material at room temperature with a grain
size of 15-25u. Two similar melts can be combined to
produce a base alloy having extra precipitate formed by
reaction between two or more compounds of the two melts.
For example, a high aluminium stainless steel melt may be
mixed with a high oxygen stainless steel melt to produce
an alloy containing a fine dispersion of alumina. 1In
another example, two copper melts, one containing
zirconium and one containing boron can be co-deposited so
that an alloy with a fine dispersion of zirconium boride
would be formed.

Another example is in a nitrogen atomised Nickel
base alloy where pores as large as 100 microns might be
present in the deposited material leaving a porosity of 3
to 5%. By adding to the nickel a reactive addition such
as aluminium and titanium which can be combined with
nitrogen trapped in the deposit, the pore sizes can be
reduced to less than 5 micron and the overall porosity to
less than 1%.

The reactive addition need only be present in very
small quantities and yet have a significant beneficial
effect on the final deposit. For example, in the case of
the pure copper the addition of <0.25% aluminium will
result in a significantly reduced porosity in the deposit

formed by nitrogen atomisation.
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The invention will now be described with reference
to the following particular examples:

Example 1

This example relates to producing an alloy whose
composition prevents successful atomisation because of
nozzle blocking problems. Thus gas atomised powders
cannot be produced for subsequent compaction into solid
parts. 1In addition, spray deposits cannot be produced
for the same reason. This is the case for stainless
steels which contain high aluminium additions. However,
the application of aluminium powder into the spray allows
a much higher aluminium content to be achieved whilst
avoiding blockage of the pouring nozzle. The aluminium
powder co-deposited with the stainless steel base
matérial melts in the deposit because of its lower
melting point (660°C) and the aluminium diffuses very
rapidly into the steel. 1In this way it is possible to
produce a stainless steel/aluminium alloy having up to
20% aluminium. This can provide a material with
increased corrosion resistance and improved metallurgical
properties.

Example 2

In this example the base material is a titanium
alloy which is atomised and to which is applied particles
of silicon carbide of a fine particle size e.g. 10
miéron. The titanium reacts with the silicon carbide

causinng precipitation of fine titanium carbide in a

g2
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titanium matrix.

Example 3

This examples relates to the application of an
addition to the metal to reduce porosity in the final
deposit and to the atomising gas to modify the structure
of the deposit.

A copper, 0.5. wt% aluminium alloy was melted and
poured from a crucible via a zirconia nozzle into the gas
atomising chamber. High purity nitrogen gas was used to
atomise the stream. The gas to metal ratio used was 0.63
cum/kg. At a distance of 430mm from the atomisation
point a rotating ceramic disc was used to collect the
spray and a solid deposit was built-up. After 5 seconds
spraying time (20% of total spray) a small amount of air
was added to the atomising gas which raised the chamber
O2 content from 20 ppm to 500ppm 02. There was no
noticeable effect on the spray.

On examination it is found that the first material
sprayed had noticeably less porosity than pure copper
atomised previously under the same conditions. It is
believed that this is due to a reaction between the
aluminium in the copper alloy and a small amount of
nitrogen atomising gas which remains trapped. between
droplets forming every fine precipitates of aluminium
nitride. For the pure copper, in the absence of the
aluminium addition, the nitrogen expands in the hot

deposit to form gas porosity.
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When the oxygen was added to the atomising gas the
structure of the deposit was altered instantly. The
grain size of the nitrogen atomised alloy was 200 microns
whereas with some O2 in the atomising gas the grain size
was reduced to 20-30 micron. The mechanism for this is
yet to be determined, but we believe that A1203 is formed
in the spray and decorates the grain boundaries
immediately after solidification is complete and inhibits
grain boundary movement and therefore grain growth during
subsequent cooling and a subsequent hot working processes
if eﬁployed. Without oxygen in the atomising gas, no
precipitates of aluminium oxide are formed on grain
boundaries and the grains can grow during subsequent slow
cooling.

Further addition of 02 into the atomising gas did
not effect the microstructure but may alter the
mechanical properties by increasing the volume percent of
oxide so producing some dispersion strengthening.

Example 4

The experiment of example 3 was repeated using a
medium carbon steel (0.35% C) with 0.25% Al added.
Normally this material is porous after spraying with
nitrogen gas. At the start of the run the porosity was
reduced significantly because of the aluminium, due the
formation of aluminium nitride (AIN). However, when the
oxygen was added the remaining porosity was almost

totally eliminated. The reason for this is being further
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investigated as well as the effect of the resulting
alumina and aluminium nitride precipitate on the
mechanical properties of the alloy.

The experiments of examples 3 and 4 show that the
addition of nitride formers to an alloy can alter the
structure of the spray deposit. The compound formed may
refine the grain size and/or alter the properties of the
alloy.

Consequently, by deliberately adding reactants to
the material to be atomised, or adding gaseous reactants
to the atomising gas or by injecting particulate
reactants, either in solid or molten form, and
subsequently co-depositing it is possible to create new
material compositions specifically designed for the spray

deposition method of forming.
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1. A method of spray deposition comprising the steps of:

teeming a stream of molten metal or metal alloy or
non-metal base material through an atomising device,

directing atomising gas at temperature less than
that of the liquidstream to break up the stream of the
base material into a spray of atomised droplets, and

applying an addition or a reactant material which is
deliberately added for at least one of reaction with the
base material, reaction with the atomising gas, diffusion
within the base material and evolution of a gaseous phase

within the base material.

2. A method according to claim 1 wherein the applied
addition or reactant.msaterial is in the form of applied
liguid or solid particles the method comprising the
further steps of

directing the spray and applied particles at a
collector so as to co-deposit thereon, and

controlling the operating conditions such that the
composition of the base material of the deposit so formed
is changed as a result of the presence of the applied

particles.

3. A method according to claim 2 wherein the applied
particles are selected from metal, metal alloy,

non-metallic material, compounds or ceramic.

[£24
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4, A method of producing an alloy by spray deposition
comprising the steps of atomising a stream of molten
metal or metal alloy base material to form a spray of
atomised metal particles by subjecting the stream to
atomising gas directed at the stream, and introducing
into the spray of atomised or atomising particles of the
base material, or into the molten stream just prior to
atomising, solid or molten particles of a different
metal, metal alloy, ceramic or a non-metallic material to
form an alloying addition to the base material and
co-depositing the particles of the base material and the
alloying material under controlled conditions such that
the deposit formed comprises an alloy of the base

material and the alloying addition.

5. A method according to claim 4 wherein partial or
complete alloying occurs on deposition or on subsequent

cooling.

6. A method according to claim 4 wherein partial or
complete alloying is carried out by diffusion during

subsequent heat treatment or hot working.

7. A method of injecting into a spray of atomised
particles of a base alloy, solid or molten particles of a

metal alloy, ceramic or non-metallic compound which
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during flight or subsequently on or after deposition,
reacts with the base alloy to form a dispersoid composed
of constituents from both the base alloy and the injected

solid or molten particles.

8. A method according to any of claims 2 to 7 wherein
particles are applied by generating a fluidised bed of
the alloying particles and transporting the particles in
a gas stream from the bed into the stream or spray so
that the alloying addition particles are co-deposited

with the atomised base material particles.

9. A method of spray deposition according to claim 1
wherein the reactive addition is applied to the atomising
gas and/or the metal or metal alloy of the base material
in order to reduce or eliminate porosity caused by gas
entrapment in the forming deposit by initiating a
reaction between the entrapped gas and a constituent of
the reactive addition or between the entrapped gas and a
constituent of the deposit which is a reaction product of

the base material and reaction addition.

10. A method according to claim 9 wherein the reactive
addition reduces, by reaction, the porosity in the
forming deposit and provides dispersion strengthening of

oxide or nitride particles formed by the reaction.

ot
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11. A method of spray deposition according to claim 1
wherein the reactive addition is applied to the atomising
gas and/or the metal or metal alloy of the base material
in order to produce a controlled level of porosity by
reaction between constituents of the reactive addition

and that base material or the atomising gas.

12. A method of forming a deposit from gas atomised
metal or metal alloy comprising doping the metal or metal
alloy and/or the atomising gas with a material which will
react on deposition to reduce the porosity in the deposit
which would otherwise have been present without the

addition of said material.

13. A method according to claim 12 comprising
deliberately adding reactive material to the alloy to
form a constituent which would not normally be acceptable
in conventional forming techniques due to segregation
problems but which, in the rapid solidification of an
atomising process, improves the density and/or the

microstructure of the deposit.

14. A spray deposit formed by the method of any of

claims 1 to 13.
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