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Lecture — 07
Water Atomization

Hello everyone and welcome back again, right now we are on this topic of Atomization

which is a large scale production method for making metal powders.
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Atomization A

»Formation of powder from molten metal using a spray of droplets. e
NPTEL

»Provides majority of the metal powders at rates as high as 400 kg/min.
»Attractive process because of applicability to several alloys and easy process
control.

»Itis a fusion based technology that provides control over melt purification and
alloy chemistry.

Principle of atomization

»Disintegration of the melt into fine droplets due to surface instabilities induced
either by hydrodynamic forces of the flowing stream, gas jets or mechanical,
electrostatic or electromagnetic forces.

»The phenomena involves development of flow in the bulk liquid due to applied
external forces, surface instabilities due to imbalance of forces at the free surface,
formation of ligaments and detachments of the ligaments into droplets.

And so far we have seen the basic principle of atomization and the physics behind it.
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Physics of atomization

»The expanding gas around the molten metal stream
causes huge depressurization and disruption of the
melt stream.
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»This causes the melt stream to spread into a hollow
cone after exiting from the nozzle. \Z

» The thin cone is unstable due to high surface area ";“',':"/ -
to volume ratio.

»The liquid continues to shear this way due to %e
acceleration forces from the gas. Sufficient superheat . :- ‘.:.' P
should be present to prevent premature solidification. ~ ® e’

»The disintegrated melt gradually reduces to
spherical particles going through some intermediate
shapes.
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Gas Atomization

»Air, N, He or Ar gas is used to breakup the molten metal stream.
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»The liquid metal stream is disintegrated by rapid gas expansion out of a nozzle.
»Low temperature atomizers have horizontal design.

»The high velocity gas emerging from a nozzle creates a siphon and pulls the
molten metal into the gas expansion zone.

»High velocity of the gas breaks up the molten stream producing a fine spray of
droplets.

»The droplets lose heat during flight and solidify as powder in the collection
chamber.

And then we have discussed about two different types of equipment which are used for
gas atomization, for making metal powders; one of these is a horizontal design where

you can see here the chamber is horizontal.



(Refer Slide Time: 01:07)

Vertical atomizers A
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»For high melting metals, a closed inter ga% atmosphere is needed to prevent e
oxidation. NPTEL
»The melt is prepared by induction melting and is poured into the nozzle.
»The melt is superheated above the melting point.
»Multiple nozzles arranged in a circular fashion can also be used.
»An exhaust should be provided to the gas to prevent building up of back
pressure.
I the horizontal design the filters provide the exhaust while in the vertical unit a
cyclone separator is used.
»The droplets lose heat during flight and solidify as powder in the collection
chamber.
»Finer particles are collected in the cyclone.
(Refer Slide Time: 01:13)
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Vertical atomization contd.... WVINS
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And in another design, it is a vertical atomizer wherein you can see, it is done vertically

down; the chamber in this case is a vertical chamber.
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Gas atomization contd..
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»The gas atomization process has many process variables - gas type, residual
atmosphere, melt temperature and viscosity, metal feed rate, gas feed rate, gas
pressure, velocity and temperature, nozzle geometry, alloy type.

»The main advantages are product homogeneity, high production rate and good
flow and packing characteristics of the powders.

» The particle shape is spherical with a fairly wide size distribution.
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»Greater the energy input finer the resulting powder.
»Pressure is typically below 5 MPa, carg range up to 18 MPa in certain cases.
»Applied to Al, Ni, Mg, Co, Pd, Cu, Fe, Sn, Zn, Be and their alloys.

And after that, we have also discussed about the process variables of this gas atomization

process.
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»Turbulence and mixing near the nozzle may cause finer particles to reenter the
gas expansion zone

»The solidified small particles come into flight path of the bigger molten droplets
resulting in satellites and agglomerates.

Then, we also discussed about a problem in this process which is known as satellites that

occurs due to turbulence and mixing near the nozzle and satellites are smaller particles

which stick onto the surface of bigger particles and make the surface rough. So, this is a

small problem which might occur during the process of gas atomization.
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Water Atomization

h

»Basic design of water atomizer -

identical to gas atomizer.

»Spray or Jet - high-pressure water 0§ S0
stream through nozzles far away from g :”:‘1§Em'
melt nozzle. Np
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»The impingement zone - much lower 7 ) e
than that in gas atomizers (due to higher |«
cooling)
»Production rate is very high about 400 ‘H“""’
kg/min.

»Commonly used to produce powders of
noble metals and of low carbon and
stainless steels.

»Synthetic oils are other non-reactive
liquids can be used for better control on
particle size and oxidation.

So, today we are going to look at the other atomization processes - Water Atomization.

(Refer Slide Time: 02:25)
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So, this is the basic design of a water atomizer; the design is very similar to a gas
atomizer. Only difference being, as the name suggests, instead of a gas jet, in this case a

water jet is used to atomize or breakdown the molten metal stream into finer droplets.

So, like in the gas atomization process, here you have a spray or a jet of high pressure
water which comes through these nozzles, as you can see over here in this diagram

(above). But these nozzles, as you could see, unlike the gas atomization process, these



nozzles are kept away from the molten metal stream. This is because of the fact that the
cooling rate is much higher in this case, since we are using a water jet. So, the water jet

nozzles are far away from the melt nozzle due to higher cooling as I said.

(Refer Slide Time: 05:49)
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And in this case, the other difference that you can see from the gas atomization process is

the impingement zone, which is much lower compared to gas atomizers.

This is again because of the fact that, here the cooling rates are higher; so your
impingement does not have to be to that extent like what you had in case of a gas
atomizer. And in terms of the production rate, this can be as good as the gas atomization

process, which is around 400 kilogram per minute.

And this process is commonly used for certain types of metal powders like the noble

metals and low carbon steel powders; and this is also used for stainless steel powders.
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And for the liquid, apart from water; synthetic oils or other non reactive liquids can also
be used. So, as long as the liquid does not react with the molten metal, it can be used as a
jet to atomize the molten stream of metal and make those finer droplets which will
solidify as metal powders. And at times, these synthetic oils can have better control on

particle size and oxidation.

Oxidation, in case of water atomization, can be a problem for metals which can react and
form an oxide layer over the surface of the particles; so that is something which has to be
taken care of. And if synthetic oil is used as the liquid, then there can be better control

over this oxidation.

Now, let us talk about the mechanism of atomization; how it happens like what we have
seen in case of gas atomization process, which goes through several intermediate stages

and intermediate morphologies to finally, give rise to those spherical particles.
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Here also there is a particular mechanism through which the fine droplets are formed
from the molten stream of the metal. The mechanism has been depicted in this particular
diagram; primarily there are four ways or four kinds of mechanisms through which these

droplets of the metal forms with the help of a water jet.

So, on this diagram (above), you can see; on the left hand side you have the water
droplets depicted as a bigger green color droplet. And on the right hand side, you see
how this water droplet which is coming from the water jet, how it is producing the metal

droplets from the stream of molten metal which is sent to the chamber.

So, there are four kinds or four types of mechanisms as | said; the first one is known as
cratering, which is like impingement of this water droplet into this molten metal. And
then it creates a crater due to the impact and it ejects a metal droplet; depicted as red
color drop (image above); that is the ejected metal droplet when this water droplet

impinges on the surface of the melt; this is called cratering.

And then the second mechanism is known as splashing, which is nothing but, creating
splash on a pool of liquid. As we all would have seen whenever the liquid pool is
impacted with something, it splashes. And due to that splashing, it creates droplets from
the pool of the molten liquid; in this case the molten liquid is the molten metal. So, when

these water droplets come and impact on the surface of the molten metal, there is



splashing and due to this, these metal droplets are generated from the surface of the

molten metal.

And then next (third mechanism) is stripping, which is like stripping a layer of liquid
from the surface, as the water droplets bombard on the surface of the molten metal, it
strips of a layer from the surface of the molten pool of metal. And then once it is stripped
off, these molten metal droplets are created. So, that is the process of stripping, like a
whole layer is stripped off from the surface of the molten metal, as the water jet comes in
contact with the surface of this molten pool or this molten stream of metal which is

coming in contact with the water jet.

And next (fourth mechanism) is bursting, which is like a water droplet hitting a melt
droplet, which is already created, at high velocity and breaking it down into finer
droplets with that impact. So, it is like the molten metal droplet which comes in contact
with the water droplet, bursts into smaller droplets and creates those finer globular or
final spherical particles which you need in the final powder; so, this is the process of

bursting.

So, these are the four different mechanisms of water atomization through which these
molten metal droplets are created and finally, you get these fine spherical or fine globular

powder particles at the end of the process.
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Now, if you talk about the process variables of this water atomization process; here
pressure is the main process variable because higher the pressure, higher will be the

velocity and higher the velocity, finer will be the particles.

So, if you want to control the particle size; you need to control the pressure, the water
pressure which is used in this water atomization process. And other factor is the nozzle
to melt distance, but this variable is not that significant compared to the pressure. This

has less influence.

(Refer Slide Time: 18:57)
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And the other parameter or the other factor that you can think of is the distance between
water exit nozzle and the impact point. But, this again, does not have much influence on
the process as such and this is because of the fact that water has high viscosity and less
compressibility. So, the impact of this distance is secondary due to high viscosity and

less compressibility of water.
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Now, if you talk about the particle size and see how it depends on the process variables

that can be expressed with the relationship like this:

In P
Vsina

D=pg

where, D is the particle size which is given by this particular relationship, where a is the

angle between the melt stream and the water nozzle right.

So, we are talking about this particular angle here; this angle o that will have an effect on
the particle size. But here again you can see, the main variable is the pressure and beta is
a constant. This was about the particle size. Now, we can talk about the particle shape
which is the other important particle property or particle characteristic.
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The particle shape in this process is generally irregular. And the other thing which | was
mentioning is the surface contamination due to the oxide layer that forms on the surface
of the particles. Because here you are impacting the metal stream with a water jet and
due to that, there is a possibility that this molten metal droplet react with oxygen and

then form an oxide layer over the surface.

So, there may be a need to reduce this oxide under reducing condition by further heat
treatment. So, this was about water atomization process which is another method of
making metal powders, particularly the spherical or globular type of metal powders apart

from the gas atomization process.

So, let us summarize the process of water atomization before we close today. So, water
atomization is another process of making metal powders like gas atomization process.
And as we have seen the design of the atomizer is very similar to a gas atomizer, main

difference being the water jet and the impingement zone.

Since the water jet has a higher cooling effect compared to a gas jet, there are two
differences that you can see right away in the design; although, the basic design as such
remains the same. One is the nozzles which are kept far away from the melt nozzle
which is not the case, in case of gas atomizers that you might have seen before like this

vertical atomizer for example.



And the other aspect is being the impingement zone which is much lower compared to a
gas atomizer; this is again due to the higher cooling rate. And apart from water, you can
also use synthetic oils which are non reactive and in that case; in fact, you can have
better control on the particle size as well as oxidation.

And as far as the mechanism is concerned in this case, there are four mechanisms that
can operate to generate these metal droplets from the stream of molten metal which
comes in contact with the water jet. And these are cratering, splashing, stripping and
bursting.

(Refer Slide Time: 28:01)

Water Atomization

»Pressure is the main process variable — Higher pressure —
Higher velocity, finer particles

»Nozzle to melt distance has less influence.

»Distance between water exit nozzle and the impact point is
secondary due to high viscosity and less compressibility of water.
»Particle size D = fInP/ V sina. fiis constant, «is the angle
between melt stream and water nozzle.
;P?ar@aihapewular.

»Surface contamination is an issue{Oxide layer may have to be
reduced by further heat treatment. | ——

And then finally, we talked about the process variables of this process. And pressure of
the water jet is the main process variable which controls the most of the powder

characteristics, like the particle size and particle morphology and so on.

And other parameters or other factors like the nozzle to melt distance or the distance
between the water exit nozzle and the impact point have for less influence compared to
the pressure. And the particle size is mainly dependent on the pressure which is the main
process variable. And the angle between the water jet and the melt stream, you know that
also has an effect, as you can see from the above equation.

And in this process, the particle shape is generally irregular and one problem that one

might encounter in water atomization process is the oxidation of the powder particles



which leads to formation of an oxide layer on the surface. And therefore, there may be a
need to do further heat treatment under reducing conditions to reduce this oxide layer
from the surface.

So, this was all about water atomization process and this is all we have for today’s class,
| will see you again for the future classes.

Thank you for your attention.



