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ABSTRACT

In this project, the irstallation of close type
atomizer for continuous production of powder is made,
Aluminium-tin and Aluminium-cOpper prealloyed powders
of different compositions have been prepared and the
characteristics (size distribution and sinterability
via. hardness and densification) of powder are ob-
tained, Addition of tin or copper helps in the pro-
duction of finer powders than ig possible with alumi-

nium alone,

Under sintering tests, effect of grinding for
removal'of alumina film and thereby for improving sin-
terability is tested. Sinterability of prealloyed
pouder and unalloyed powder mixture is compared. Results
shov that prealloyed powders have botter sinterability,
Apart from this compact of aluminium~-tin-copper powder
mixture are sintered. Regults shoy addition of cobper
to Aluminium-tin powder mixture improves the sinter-

ability,
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CEAPTER - I

INTRODUCTION

For producing complicated shapes of typical materials
vith typical properties, powder metallurgy has its amporeang
role. Basically it consists of production of metal powder, com-
paction to desired shape with the holp of die and punch andﬁ
ointoring to got Strength. Out of all those steps the produc-

tion of metal powvder is tho one loast doveloped.

Thornodynamically, Difference in Solid metal dblock and
tho motal povder heap lies in their spocific surface snergies,
vhere tho latter one has more specific surface energy as compared
to tho metal block, Thus powder maﬁing from solid metal block
will involve onergy for goneration of nev éurtaces, Aecording
to the modos of transfor of onergy, thore are various mcthods of
produeing motal powders such as olectrolytic deposition, precie-
pitation, roduction, crushing or grinding, and, atomization,
whero olectricity chemieal potential, mechanica1 pressure and
fluid dynamics aro used as modes of transfer of energy respoc-

tively.

The most significont dovelopment in production of motal

povder, in recent yeanrs, has beon that of atomization. Basieally,



in principle it involves forcing the molten metal through a
small orificc and breaking up the stream by a jot of strean of
compressed air, inert gases water or sometimes liquid petro-

loun products have been cmployed.

The controlling faetors in the atomization are t
1, Rogzle Sige and desi-n

2. Temperaturc of netal

3. Rate of flov of molten metal

4, Temperature of the atamiz}ngymedium

5, .Inlet pressure of tho atomizing medium

The particies produced tend to have globular shape
Since tho 11quid metal freezes almost instantancously, Mostly
the s1ze range of the powder produced 1s 20 - 400 microns,
The oxygen content of the povder 1s very low being usually in
the range of 0.2 - 0,37, This is due to rapid cooling and for-

mation of very thin protective oxide surface film.

Yhere inert gases have boen used in the process, the
metal has been found to be highly reactive and the povder,
therefore, should be sultably protected from oxidation by at-

mospheric oxygen.
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Tho suitapility of atomigation for producing alloy
powdérs has 1ed to its extension to the higher melting point
forrous and nichel base alloys. Eariy attompts to use systems
sinilar to that deseribed by Thomsen; were unsuccessful because
of rapid failure of the refractory nogzle, Other methods for
tho atomization of ferrous and other high melting point alloys
have becn fevieued by walhimson? ﬁho also describes a method
which has been highly successful for alloy steels and nickel base
alloys. eﬁe of these the D.P.G, mothod!! (deutsche pulver metae
llurgiséhe Gesells chaft process), in which a number of rapidly
rotating blades break up a stream of molten metal, The resulting
droplets are rapidly cooled by a jet of wator which surround t@e
motal stream, This method was used for number of years but was
oventually abandoneq, owing to the inherent disadvantages of metal

\

freeging on the blades and excessive oxide film formation on the

particle.

Ono of the greatest advantage of atomlization is that
it can be applied to any metal and alloy, that can de melted irr-
espoctive of mochanical properties of metal and alloy under con-

-t

sideration whereas, in any other process of pouder production one

hag to consider the mechanieal properties alsoe



wd 4 te

The importance of this process is related not only to
the great varicty of motal and alloys to which it can be applied,
including very high melting point metals, but also to the fact
that 1t is comparatively economiecal, yet ylelding good quallty
of powder. Powder produced by the method are not reactive and,
although the atmosphere may be air, only superficial oxidation
takes place whereas, powder produced by cementation and electro-
lysis and certain other methods have a serious problems of oxi-

dation and harmful contaminations,

o In tho case of atomization process, apart from the
oxygen content there ﬁre no chances of other types of impurities
getting ineorporating into the powder duriﬁg the procegss of 1ts
production. Whereas in case of other methods many other objec~
tionable impurities alsd appear during the process such as
remains of electrolyte (in electrolytic deposition), erosion
of containers (in mechanical process), impurities picked up at
high temperature (in high temperature reduction process), from

the surroundings etec. etc.

Rate of production by this process is very high as
compared to other methods, For these reasons this nmethod has

been found very nmuch suitable and economlc for industrial pro-

duction,



However, the main limitatlion of this process is the
wide distribution of the size in the powder produced. If one
wants to produce powdgr of a particular sige simultaneously he
will get other size also, Finest powder that can be obtéinéd
is of the order of 10"'4 mm (350 mesh) while in other process
we can get powder of very narrow size distribution and almost
as fine as 400 mesh, However, by contrelling the various/design
factors it is possible to cnhance the perecentage of jarticular

size powder.

Due to the working difficulties at high temporature,

normally refractory metals can not be atomiged,
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CHAPTER ~ 2

LIIERATURE SURVEY

Atonigor

Ag the mechanical strength of liquid metal is lower
than that of solid metal, less difficulty will be exporicnced in
its disintegration, and that is why the disintegration of melt is
a convenient and popular technique of powder production, Atomiza-
tion., Liquid disintegration in this, is carried out with the
help of atomizer, 'Atamizer mainly conéists of melting furnace to
get the s0l1id metal into 1iquid form and fluid nogzle to disinte-
grate the 1iquid stream into drops. There are two main types of

atomiger which are as follows 3

1. Closed type atomizer

2. Open type atomlzer

The closed type atomizers

s which has been shown in

fig. 1 1s usable only for lower melting point metals at 1eagt on

a small scéle, because of danger of freezing of liquid mgtal in
the delivery refractory tube, sﬁeh atomigzers have a specilal
advantage that the stream of liquid metal is conducted accurately
to the point at vhich the atomigation starts. They are, therefore,

casy to usey; consistant in operation and can be operated in hori-
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gzontal and vertical positions. linfortunately such nozzles when
used, are to bs preheated to the temperature of 1iquid meotal to
avoid choking of a delivery tube. This limits 1ts use to only

lov molting point alloys.

3, shown in fig. (2) aro more ver-

Open type atomlgers
satile. The sallent feature of this is that a stream of 1iquid
rnetal is allowed to fall by gravity into the atonizing zone so that
the ‘atomizer is not in contact with the metal stream and can be
maintained as deéesired témperature of the gas. There are various
difficulties in the operation of open type atomizers. The first
difficulty is that the molten metal stream accclerates as it
falls rtéely thus becoming smaller in dlameter and finally divided
into large drops. Atomiging must ocecur before thig break‘ up of
the molten metal stream. The other difficulty 1s that the metal
stroam is easily deflected by turbulance in the surrounding gas
envelope and it may waver beforc reaching the atomizing zone. Any

major deflection of the metal stream causes oseillation and

assymetry in the shape atomized particles finally produced.

Effort has been made to reduce this deflection by
ninimising the distance betwecn the metal stream outlet and

atomiging gone, Tho woric on this has been done by A.R.2 Singer3
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at University of Swan Sea during his vork on spray rolling of’
metal strips from powders produced by the process of atomigation,
He reduced this distanee to épprbximately 25 mm, The shape of
the outlet of liquid metal from the crucible and its finish offoct
the flov of the stream. Tﬁa'smooth outlet causes uniform stream

and less turbulenco.

Other type of atomigzer, one of those 1s knoun as D.P.G.
Maoﬁine has been shown schematically in fig., 3. In this molten
metal floved from a ceramic nozzle set in a tundish on to a
set of rotating knives, the speed of vhich generally varied
beﬁween 1500 and 3500 r.p.m. Ghii&ing of the globules of metal
and cooling of the knives and the apparatus was affected by means
of an annular cone of water issuing around the métal stream. As
the pressure of water varied betveen 60 to 120 psi, It is possible
that some granulation of the metal was affected by the water
stroam itself.v The particle size of the powder produced depeﬁded‘
upon a considerable number of variables, including the temperature
of the metal, the height of fall of the motal bofore it hit the
knives, the pressure of the water, the speed of rotation and the

shape and disposition of the knives.
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fhough this machine was very much useful in meeting a
var time emergency requirements in Germany and produced a large
tonnage of metal povder, now a days it has become obsolete due
to numbor of disadvantages involved in 1t. Not only wero these
éperationai and maintonance difficulties, which must argse in any
apparatus rotating at high speed in contaet with molten motal.
Tho notal also tended to freeze on to the knives especially vhen
copper was atomized and in particuler the product got oxidiéeé |

and tended to be very coarse,

In America in 1944 Gregery J. CQmstocxls

adopted a
similar but some vhat different line of approach. Instead of
employing rotating knives with all the assgciated problems of
metal sticking, an apparatus wvas designed more or less on the
principle of a "rotating garden spray" in which rotating jets of
vater roploced the rotating knives., At first sight it night seem
that the apparatus would perform very inefficlently because ihe
energy of the water system 1s expended in hitting the metal
streagn only for a small part cf'the total are of rotation.

However, as the primarily produced metal globules take an appre-

ciable period boforé they freoge, it is probable that each
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globule receives several hits by several jets, and thus the
overall efficiency ias thersby somewhat increased. The apparatus

has been shown in fig, 4. The machine also possess the same

disadvantapre as that of D.P.G. machine.



Hozzle Design
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Different nogzles were suggested by various workers

for production of motal powders. The design of nogzloes depend

upon number of factors lile

(a)
(b)
()

(4)
(o)

The type of metal being atomized
The temperature of atdmization
The atomiging modium like gas, liquid or

combination of both

Type of atomizer

Characteristics of powder desired

On the basis of these variables efficiency of a particular

design 1s decided, The overall efficiency is most conveniently

related with the desired powvder characteristics and the economy

of production, Since number of varlables are involved and all

of them influence the design in different manner under the

experimental conditiong, 4t is very difficult to correlate

them mathematically or emporieally. Morecover the most efficlent

designs are patented and there is no scientific literature

available for the desi-n of such nogzles,
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FI16.8 CRUCIBLE & AIR NOZZLE ASSEMBLY USED FOR ATOMIZATION l

1 GRAPHITE CRUCIBLE 5.AIR NOZZLE ASSEMBLY 9 THERMOCOUPLE {
2 GRAPHITE STOPPER 6.MILD STEEL NOZZLE().D.283MM) (SILICA TUBE ENCASED) f
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1. SPRAY B0ODY 2.0VER FLOW DEVICE 3. OUTER GAS CHAMBER
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5. SPRAYING ZONE
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, FIGURE {0
DIAGRAMMATIC SKETCH OF MULTIDIRECTIONAL HIGH SPEED
DISCONTINUOUS COMPACT JET ATOMIZER ASSEMBLY
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Fig.df — Sketch shows details of atomizing
nozzle and pounng cup assembly. Molten
metal is fed to the atomizing nozzle through
a hole n the pouring cup tip. Hole size will
vary, depending on the material to be atom-
| ized and the powder particle size desired.
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Form of Gas Iﬁg&pgemaht
It could be visualized that @en the air lupinges
only from one side of 1iquld stream, tho main stream of air
ould not be uﬁilized for secondary disintegration. If Jet of
' alr imj&nge'from tvo or more sides then main stream of air
yould émpinge to the liquid drop.number of times, depending
on number of sides of alr jet applied., Thus for better dis-
1ntagrétion.the air should impinge in the form of a cons, Such
types of nogzles have an hole at the oentré to pass the liquid
metal strean through vertex of cone of gas. For balancing the
force of 1mpingemént follouing points are to be taken into

)

cdnsiderationQ

(1) There should be tho same amount of air from
all sides of liquid stream i.e. annular space

should be of uniform thickness.

(2) Velocity from all sides should be same i.e,
pressure should be uniforniin the annulus.
Characteristically the spray formed by compressed gas
shows a ruled surface as can be‘seen in Fig;(S). It vill be
noticed that the high velocity gas comes to focus wvhich plays

an important pole to disintograte the molten metal streamfing
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dovn from the metal noszle, and then tho gas diverges quite
regularly from the focus, As the gas Jet is led through two
tangentially placed inlets, the gas stream 1s given a spiral
motion which varies with the opening of annulus and, therefore
it soens to act in different ways to the molten meéal stream.

Thamson;.had employed a nogzle for atomizing alumi-

nium which has been shown in Fig., (7). During the atomization
of aluminium, an operating temperature of about 800° ¢ is gen=-
erally employed and this imposes severe refractory corrosive
condition on the nogzle material, 7Triagls conducted with the
common ferrous materials as construction material for tho noszzle
gave highly uqéatistaetory results, The rapid formation of
FbAla caused irreparadble deterloration of the nogzle, Even
speclal heat resisting stesl also falled within fev minutes.
Grophiﬁe, although glving a slightly longer iifc vas never tho
loss subject to a corrosive attadk and was mechanically unsatis-
factory. UGventually a speclal refractory naterial was tried

and found to be eminently suitable. There appeared to de no
oorfosivé attack and rofractory strenglih was sufficiently

high to vithstand any normal troatment reguired during opera-
tion. The ogsontinl Coatures of this particular type of nozzle
are that the motal stream issuing from the contral opifico 1is

caught up by an annular blast of atomlzing medium concentrie
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with the jot, disintograted and expelled from the nogzle as a
cénfined spray of originally molten droplets vhich are chilled
and solidify at some point distant from the nozzle. Detalls o
" nozzle design are shown in Fig, (7) and 1t will be noted that"

only the inner nozzle is constructed of refractory materiel,

other parts not in contact with the gluminium being of mild stoel.

For high melting point metals, nozzle used in Mannermann
processehas been desofibed - fichematic representation of wvhich has
been shown 14 Fig. (6)s In this a stream of molten, low silicon,
 east iron is Atcmized by a spiralling annular JOt of compressed
air, Oxidation of the particle surface oocurs but with careful
controi of oxygén and carbon content a relatively pure iron
powder can be produced by a heat tréatment of 950° C. The process
s st1ll used for the production of iron pdwders but it can not
be applied to alloys containing reactive metals, such as chromium,

Aluminium and Titanium which form Stable Oxide

To get high purity powder via'using loss atomizing
media of high velocity, a high speed discontinuous compact jbt
was designed by Doﬁaa and Berboritnv which 1s shown in Fig.(10).
In practice, the number of Jets used is limited on the basis o

the desinn chosen, The orientation of the Jet in the space; their



-t 16 t=
spoed, the frequency of pulses and their sequence in time are

ad justable within vide limits,

Robeot and Probot® have used a mozzle Fig. (11) for
p:oduction of spherical coppér‘pouﬂars Accoﬁdingly their noggle
consists of insert body and plate. The ingert is cylindrical
ground wvith ¢ Gooltaper at one ond which terminate in a rajor
sharp odge. The body has an internal and extornmal chamber. The
extornal chamber receives the molten metal and feeds the intere
nal chamber which 15 isolated by a gasket before. the plate is

placed in position,

Balasubramanian an@ Tendolkarg have used a atamizer
vhich aoﬁsists of an atomization chamber in the form of a trun-
cated cone, At the top of this chamber an olectric furnaco is
mounted. Air from the air chambor onters the air nozzle assembly,
through 12 oponings provided on its periphery, The upper plece
flangod into the lower plece of the air nogzle directs tho air
through the annular openings Fig. {8).

Naida and Nichiporenkol® have critically surveyed tho

basic desipn of sprays used for spraying liquid nmetals and an impro=
ved double chamber spray design is proposed, which substantially
videns the engincering scopoc of tho spraying process. One of the

&éniyps of double chambor spray has been shown in Fiz. (9).
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Mochanism of Atomization

Two process, namely disintegration and decreement of
angularity of drops occur during atomization process as shown in

Fig. (12)&

Disinteg;ation

Air dimpinges on liquid drop and results into disinte-
gration of the drop. The disintegration may oceur in many steps.
Stop 1s used as the maximum number of the times the disintegration
of liquid drop occurs. 7Theso step depend cn the following
factors

1. Velocity of air

20 Angle of nogzle

3. Ovor heating of 1liquid metal
4, Surface energy of liquid metal

With increasing velocity air and over heating number of step
incrcasos. (n the othor hand surface energy of liquid and angle

of nozzle decresse the number of step.

Decroement of angularity

After disintegration of liquid drop, the resulted drops
hava irregular shape and thoy have a tendency to become a spheri-

cal due to surface tension force of liquid., Attaining a spherical
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shape of drop r;qulres a minimam time which depend on intensity
of surface tension. If drop solidifies before the minimum time,
required to bocome a irrezular dron to spherieal drap, we got
different shape of particle, depending on the time for which the
diatntegrgted drop has been remained in 1iquid form, Attributing
to the above fact, following variables may be considered as the

most important variables for controlling the shape of atomiged

povder particles.

1. Surface tension of netal
2. Over heating of liquid metal

3. Hagt transfer from liquid drop

With above consideration, shape and size of the atomized powdor
particle can be changed by following mecans :
1. Changing the kinetic energy of gas with

(a) Anglo of fupingement
(b) Amount of air flow
(¢) Velocity of air

2, .changing the solidification time of disintegrated
drop. Followlng are the important considerations

(a) overheating of molten metal

(b) heat transfer from drop



(3) -changing the surface characteristic on alloying

or by any other method such as overheating etec.

Variables of atomization

Thomson; has studied experimentally some of the ato-
mization variables, He concluded that control of the size
characteristic ,13 achieved by alteration of several process
variables, the most 1mportént ones of which are, metal head, air
pressure, metal temperature and metal orifice. In summary, £he

effects of theze variables are.

Metal head:—
Slight increase in rate of atomigation, corresponding

dnerease in fineness of nroduct

Air pressure —

Steady increase in rate of production; increase in
finoness upto 50 p.sd., thercafter a slight decrease. It may be
due to the. fact that pressure of alr inereases the impingement
force as well as rate of flow of molten metal, First one 4s more
effective upto 50 p.s.i. which results to fine powder, thereafter
rate of flov is so pronounced which lcads to coarser powder

particle comparatively.
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Metal tomperature : @ —

Strongly marked linear doerease in rate of productisn,
corresponding linear increase in finene;s, By comparison with
normal liquids it may be assumed that for 1iquid motals, over
short range of temperature, both surface tension and viscosity
are inversely proportion to temperature and tperafore the resis-
tance to disruptlon must also decrease with increase temperature.
That is why fineness increase with teqperature. Rate of prédnc-

tion may dearease due to cubical expansion of metal on increasing

temperature,

Arsa of Metal Orifice

Linear increase rate of production upto very high value
(1200 1b/hr at 0,079 ineh® area) corresponding linear decrease in
fineness.

In practice alteration in these factors is employed to

effect the major adjustment in size disiribution which are required.

Subgidiary variables such as inclination of eftternal sheath effect
such relatively small changos that they are unsatisfactory as a
mean of procesg control, but may convoniently be employed in

coertain particular circumstances.
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Sizo of atonmizod metal narticles

Drop size distribution of atonized liquid metal, for
production of metal powdor is caleulateds For reasons related to
gontrol and production efficiency in this'field of powder meta~
1lurgy a knowledge of particle sige distribution 1s of importance.
In the course of rosearch on the gas atomization of molten metal
streams, model vwork 1is being garried out using low melting point
alloys and tin %o simulate the metal stream, with compressed alr.
Various workers have approached differently ror.egtimation of drop
sige of atomized 1liquid, Their vork may be summarised as follous.

15 derived an equation for a specific design

Hubiyama
of converzing pneunatic atomlizer. The eguation is widely quoted
and contains the £luld properties mentioned above and a viscosity
tern but is only claimed to hold within the range of the physioal

properties of oil and a 18quid. The cass moan particle dla 4 in

micrometer is given by
Y 0s45 _ (2000 41,1.6
%, = -% - 597(%) x )

vhaero V = relative velocity in m/soc of gas to liquid 17
stream at igpact derivod from Anderson's curves
for velocity docay in sonice jlets

Y = sgurfaco tension of 1iquid dynos/cm.
P = donsity of liquid gm/ec
AU = viscosigy of 1iquid (poise)
QL, Qp = voluno flov ratos of 1liquid oir respectively
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It may bo noted that for ratio of fgfl.n 5000, the
second torm of the right hand side of equation contributes little

to the predicted drop size in the case of inviscd flutds, ©

If the socond term of the Nubiyama formula 1s neglected
for the range of floé and 1nzﬂ5ckixluids under consideration the
ratio 47 Y will be seen te constitute the governing ﬁéramster,
operation under the same conditions of gas pressure aﬁd liquid

throughout; the patio is eclearly related to the webaw, number(w)

wo o= _3;&, where D is diameter of liquid streanm
vhich 18 a well knovn dimensionless numbsr in the studies of
1iquid breaxup phenomenon, reprasehﬁatidn the ratio of the fluid
interfacial forces to the interfaclal tension.

18 ,btained a correlation for waxes of various

vige
viscosities over a range of mass flow ratio, By %he method of
dimensional analysis. It is to be noted that he falled to
achiove o direct correlation between wax and vater, He belileved
this vas due to coalescence of»the water droplets, His formila
for the wax gave the mass median dlamoter.
200 x 107 V.08 101y o H)1/2 01y 0.2
W T - 0BYP
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vhere Ym = Kinematic viseosity of liguid

M= Mags flov rate of 1liquid

A = Mass flov rate of gas
A study vas done by H. Lubanstra’for correlation of spray ring
data for gas atomization or‘liquid metals. The atomizing spray
ring investigated consisted of a ring of discrete gas nozzles
symmetrically surrounding the axis of a vertical liquid stream
falling under gravity. Ho atomized iron by nitrogen . Relevant
varigbles wvere used to study the varigtion of the geomeﬁric mean
dlas with the uebey. number (w). The ratio Xw/D was plotted
initially against wy and some correlation was immediately apparent.
However, improved correiation was obtained‘when account was taken
of the mags flov ratio, total 1iquid to gas flow, M/A and the

kinematic viscosity of the metal Y.

The data for the iron tests were plotted with all
appropriate model spray data in tho dimensionless form Hm/D

' verses c# and straight 1ine was found out.

0.5
¢ ,:10 5143)-.L-.

Yg = Kinomatic viscosity of ges
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and a simple relationship was developed

_%_ i K[% (s %’]1/2

vhere K 1s a constant to be doterminod for particular conditions
of spray ring and 1iquid siream, The value of K is seen to vary
betueen 40 and 50 for the wide variety of spray ring condition

investigatod with the motal stream diameter varied from 1/4% . 7/8"

Purity of Atomigzed Powder
| Produelng metal powder by atomiging i.e. by breaking

Up a liqaid»stream of metal by a gas or liquid leads invitably
to cohtamination of the powder, The prineipa; contamination is
usuvally oxygen. The degree of contamination depends mainly on the
following factors,

{(a) 7The chemical nature of the atomization agent

and of the metal to be atomiged

(b) The stomization %emperaturc of the metal

(c) The specific Surface of thelresulting powders

Some metals which are highly suscoﬁtible to oxidation
can not be agtomiged with water or air beenusc of the large amcunt
of oxide formod. The oxides are difficnlt to reduce and in some
instances ©+8¢¢ Al and Mg. tho suddon oxidation during atomizing

may oven lcad t0 explosion.



-t 24 ¢~

The degree of oxidation of metal powder, which primarily
depends upon the nature of the metal, during atomizing may be
limited by using inert atomizing agents, In order Lo be completely
inert, the agents nust have very high purity. The use of such
high purity inert agents on an lndustrial scale 1s not recommended,
because of their high cost. In industrial practice, the atomizing
agents contain certain chemically reactive impurities vwhich lead
to chemical and mechanical contamination of the powder. The dogree
of contamination 1s determined by the ratio of the amount of metal
atomized to tho amount of atomizing agent used as uéll as by the
fineness éf the particle. Since the amount of oxide contamination
of the powder depends upon 1ts specific surface it is evident that
the oxide must be formed by a reaction at the particle surface.
Therofore, the 1es§ atomizing agent 1s used for each kibogram of
motal powder produced, the better wlll be the quantity of the
metal powder. There 1s'however, a minimum cnergy necessary for
atomizing liquid metal. This means that the specific quantity
of ggent usal for atomizing can not be 1owefed below a certain
1imit. Domsa and Berkovits’ have worked on how the highest
energy of tho atomizing stream can be combined with minimum

quantity of atomizing medium using the nozszle,
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Apart frem ugsing limited atomigzing agents, other method is also
used vhieh is based on the principle of degree of oxidation of a
particular element,- For example, one of 5 and P in thg molten
iron makes 5 & P to oxidise rapldly during atomization and hence
producing iron powder relatively purer. Accurately adjusting the
amount of 8 or P in the melt 1t has been claimed to get very high
purity iron powder, Etzella has produced coppor powder by atomie
zation and suggested that the oxygen content of powders can de
rédﬁcad by addition of alloying elements whose uffinity for oxygen
is greater than that of copper. After conducting lot of experi-
nents he found that'oxidétion of the copper is complectely
inhibited by ﬁhe presence of 2,37 P, which also results the

minimum yart1e1e gizo.

ol &1

DY ST OF (O
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Atomigation of Aluminium - {in Prealloyéd

Atomizod pure aluminium powder &oeslnot possess the
requircd properties £or use in the préparation of metallurgical
products difficulties are oncounteped during pressing due to high
plasticity, lowv apparent density and surfade area and the poor flow
characteristics of aluminium powder, Since aluminium is soft and
malleadle excassive eald walding oceurs along the die walls., Since
the surface 12 also comparatively small., There 13 not suffieient
1ntar1acking‘to glve 7ood sohesslve strength, and honce tho green
gstrenpth of the compact is insufficient for further handling, In
each cycle of operstion some gluminium partiecles also stick to the
die wall and high oJection pressures are roquired. This results
in heavy wear of the die.

These difficulties could be remedied in aluminium tin
powvders made by atomization,

T4n imparts anticorrosion and antifrictional properties
Partioclos of allby sige range noarly 74 microns'showsatisfactory
compressibility characteristics vhatever the tin content of the
alley or the forming prossure, The higher is the green strength
of the compacts obtained, with powders having tin content beyond 3
por cent, the ojoetion pressurc is lowor compared to powders with

tin contont lops than 3 per cont,.
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Tho low sclid salubllity of tin In aluninium makes
the dispersion hardoning effective even at higher operating
temperatures. The rapid rate of cooling obtained in this process
vith tin content, helps in obtaining & product with high hardness,
apparent density ond surface area, but the efficlency of the
atonizer is lower because of the agglomeration of the broken
droplets, |

in tin alloyed aluninium ﬁawder produetion, the aémpoa
sition of the powdor changes with respect to particle sige.

The effect nf_allcylng adéitions is shown in the fig.
(13) along with tho offect of pressure and temperature on the
atomization efficiency. As the amount of'tin added 1s increased,
the proportions of fine particles («4Q0 mesh)'incraases upto an
optinum value. Ihis is because tin poguires Jower disintegration
enorgy. However, {nr higher percontage of tin, the rate of
flouw increcases and henge noro and more metal comes into contact
tith air at a particular instant and disintegration tends to be
loss complete, Thls effect counter balance the previous‘one,
producing a peak corresponding to an optimum value of 8% tin at
0456 kg/ema pressure. For higher preszurs eve:n if more metal
comes into contact with air, it gets disintezrated and hence the

pook shifts toward the higher tin contents.
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gurface area and hardness in Al « Sn prealloyed powdor

It 13 evident that the hardness of the particles
inereases with incerease in atomization temperature whatever the
proportion of tin in the alloy may be. If a particular ligament
cools or solidifies with a harder surface, the surface tension
of the remaining uncooled liguid inside the core ean not spher-
oidize the particles more effectively, Hence the ligament solidi-

flos as such without decreasing the surface area.

Repeated exporiments éondugted at the departmont of
metailurgical Engineering, Indian Institute of Technolegy, Bombay.
by M.5,N. Balasubramanian and G.S,Tendolkar’ had shown that the
surface area in3reases with inerease in atomization temperature,
Hence, atomization at avhigher temperaturd ylelds particles with
greater surface aren. Also variation in surface. area follows
the same pattern as the variatlion in hardness with respect to tin
. content,

The rapid inerease in hardness €or 4nitial increase in
the percentage of tin (fig. 14) is dus to the increasing close
net wvork formantion in the observed metallographic structure. The
tin phaso is very hroadly dispersed in the aluminium, For higher
percentagoe of tin, the amount of tin vhich can bde dispersed in
oach individual particles incrcases, causing a corresﬁonding

increasing hardness.
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Inercasging the tin content beyond 8 per cent causes
slight aggldmoration of the dispersed phage and hence 1t may
attein saturation state with 7 per cent tin. The poasibility of
agglomeration is more at lower agglomcration temperatures. fence,
actually a decrease in hardness for highe: percentage of tin
sould bo observed in their experiments. With higher atomization
temperature and piessure the increase in the amount of oxide

formed incroease the hardness.

Flow properties of Al - 5n preslloyed powders

Ags the tin ocontent 1is inereased initially the flow

rate decreases {i.c, the time taken for the flow increases), This
is due Lo the rapid increage in the surfaco arca of the particles,
That 15 as the particles deviate more and more from spherical
shape, 1t becomes difficult for them to roll round the flow
metor. After this rapid increase in the surfaee aroa reaches a
saturation 1imit and the increased hardness helps the particles

to flow casily, Different flow characteristic at different
atomization condition are ropresented in fig. 15, The ¥anderwood
forzes at the surface of particles reduces the ¢old welding of
individual particles during flovw (i.es the bridging effect 1s

reducod).
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The flow proparties of powders of 4ifferent sizes are
presented in fig. (16). For all parcentage of tin, a maximum
flow rate 13 obtailned (for s particle size of about BO mierons),
The reason for an initial incrcase in the flou rate 1s the dec-
rease 1n the nature of the shape factor. Bolow 80 mierons, the in;

torparticle friction and entralaed guses decreass the flow rate,

Homogeneity of Al«5n prealloyed powdar

The P ray back scattering method was used by M,3.N,
Balastvhramanian gnd 6,95, Tendolkarg, to ascertala the homogeneity
of the powdors., 3Since the intensity of the scattered beam is a fune
ction of atomle number, different porcentages of tin give diff-
drent intensitlies. This peattered iutensiﬁy'is measured at diff-
erent places in the powder mass and the difference in composity
is ealeulated from the gstandard charts. Values of differences
in composition at different places in the powder mass are showﬁ
in f1g, (16). In thig, result of similar analysis for elimental
mixtures for different times of mixing - 400 mesh particles are
also glven. Tho maximum homogenelty of mixing can be had only
for 400 mosh powders, Even for this an inhomogeneity of 0.7 per

cont in 10 pér coent tin is observed for 1 hr mixing. The alloy

powdors, however, show good homogoniety in all cases.
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Apparent density of Al.Sn prealloyed jowder

The usual range of apparent density of atomized alie
miniumvpowder iz uptd 0.95 gn/ec. The low apparent density
roquires long comprescion strokes and deep diey resulting in
considerable loss of eneryy by uvay of friction and also excessive
gbrasion of the die wells. In the case of alloying with tin 4,e.
preslloyed powders, the apparent density increases upto 1.3
am/ce and thus less difficulties in pressing are seen in prealloyed

powders.,
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Sinterinz of atomized nrealloyed powder

Sintoring of Aluminium powder 1s vary diffiecult because
of the presence of axidas T1lm on aluminfum powder particles. This
rofractory oxlda layer ean bz ruptured only at high compacting
pressuras, but thon the poroslty 1s drastically reduced, In porous
galf lubricating bearings, aboub 15 to 20 per eent porosity is
esmential and thzrefore, high compacting &ressures are not ner-
nizsible. To :ovarcome the difficulties during sintering of
Aluminium twomethods namely the halide and hydride methods have been
tried. In thg,rarmer case, the aluminium powder ic uniformly mixed
with lead halide and sintered while in the latter cise the sinterinz
is ecarried out in an extremely dry hydrogen stream generated by
the decompositioﬂ ef a metallie hydride, to remove the diffusion
inhibiting oxide £11lm cn aluminium powder particle surfaces. The
main drawvback with the halide method are thet it requires very
high comracting pressures and very lonsg sintering time (upto 24
hrs,). The hydride method 1s too expensive becauge of the high

cost of titenium hydride.

Agarwal and Ramkrishnaﬁ conducted certain experiucnt
to investizate the aluminium base bearing materials. They have
chosen tin as the alloying element because of its good antico-

rrosive and antifriotional properties, Further tin shows very
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low solid solubility fn aluninium, thus extending the use in higher
operating terxperatures and 1s capable of dispersion hardening,
The Iow liguld tomperature of the 0lloy makes the atomisation
moro easy and effizient, From proliminary studies, the useful
range of tin content is found v be 3 to 8 per cent by weight,
aluninkum tin glloy powders preopured by ztomlzation and the results
are comparcd with mechanically mixing the elemental powder. The
general trend in the hardness 1ls to decrease from half an hour to
two hours and then to increase when sintered for four hours, But
at 600%C (Fig. 17) the compacts made out of atomised powders glve
a maxiounm hardness for a sinterins tine of an hour. When the
sintering temperature'is inereased, the hardness of the compacts
decreases and density increases, 3Bul in the case of mechanically
mizxed powder, the denslty also decreases as the sintering tempera-

ture 1s increased,

In conclusion Agarwal and Ramakrishnan found that
optimum value of sintering temperature gnd time for best properties
are 600°C and 1 hour reSpectively. Considering the sintering
atmosphaere, vacuun sintering is found to give a superior product
with better nroperties than the hydroven sintering., Bearings made

out of the atomised powders give much better properties than the

\ATRAL LIBRARY UNIVERSITY OF ROORKE.
ROORKEE,
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mechanically mixed powders. Small addition of copper and
nichel enhance the strength and other properties of bearings

eonsiderably.
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GHAPTER = 3
EXPERIMENTAL SET Up
For producing metal powders, a atomizing unit (Pig.18)

uﬁs installed, which consists of the following 3

(1) Melting furnace

(2) Crucible with tube and heater
(3) Nozzle

(4) Air Compressor

(5) Stand on which furnace, nozzle and the
powder collecting trough are mounted.

(1) Melting Furnace
Melting furnace was designed to get temperature upto

1000°C, Details of which are given below &=

| Heating wire
Héterial | ~  Manthal
Gauge - 22 S5.W.G.
Resistance « 3,45 ohms/meter
Length -= 8,8 meter

Total resistance « 30,36 ohms
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Fire.clay muffle
Height - 16 ¢cm
Cross section « 9 x 9 em
Thickness - o5 cm,

Furnace rating

Voltage - 220 (max,)
Ampore e 7.25 (max.)
Watfs - 1696

After the winding, a layer of fire ereet about hall
centimeter thich is placed over the furnace winding. This layer
of fire creet serves as insulating material and also gives suffi-
gclent stability and protection to the furnace winding, The asbes-
tos povder is rammed around the cmuecible to give the furnace proper

insulation.

(2) Crucible

Separate crucible 1s used for melting the metal and in
the bottom of which fire clay tube is fixeé to get the liquid metal i
in the form of gstream. Tube dimensions have an important rolo during

atomization which are as follous 3
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(a) Diameter - It relates directly the role of flow of
-metal i,e, rate of powder production and sige of the powder produced.
Small diameter of tube lead to fine gige of the particle but flow
in it vill be difficult as capillary action will act and liquid
metal may solidify in the tube due to more heat transfer from large
surface area of well of tube, In case of small dlameter tube, to
compensate heat losez through wall of tube, a separate heater aroudd
the tube 1s provided to preheat the tube as shown in Fig. (19),

Heater has the following data

Heatiqg vwire

Material « Kanthal
Gauge . - 285 84G
Resistanco - 12,5 ohms/m,
Length - .85m

Total resistance - 10.6 ohms

Heoater rating
Voltage - 40 (max)
Anpere - 3.8 (Max.)

Watts - 158
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To make‘the heater insulating from nogzle assembly.
It vas placed in the centre of an alumina tube with the help of

asbostos ropo,

(a) Length « Length of tube matters the proper flow
of 1iquid metal at the time of atomization. Length of the tube
may be such, that may open at or below or above the point of
fkmpingement of gas, If it opens above the point of impiﬁgement
of gas then vacuum in the annular space around the tube xdll‘accur.
Liquid metal try to £111 this vacuum and as it comes in contact
vith metallic nozzle, 1t solidifies, results chocking of tube after
some time, When iube opens at the point of impingement of'air,
due to more pressure of alr as compared to the metal head pressure,
air try to aseend in the tube, and will bubble through the liquid
metal, For proper flow 1t is realiz;d that tube should open below

the point of impingement of gas,

Taking above considerations following tube dimensions
vere ﬁsed

Length - 8 en

Inner dia « .21 onm.

Thickness « ,L115 &~
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(¢) Material of the Tube

The refractory tube should be non-corrosive to aluminium
alloy and should have sufficient thermal shock resistance., For the
purpose fire clay tube (used as insulating bits in thermocouple) was

used,

(3) Atomizing Nozzle

Atomization method of powder requires to important
forms of energy - thermal and kinetic, of which the later 1s
provided with the help of a suitable nozzle. A nozzle is supposed
" to provido a high velocity cone of gas of untﬁarm energy distri-
bution whieh could be employed to disintegrate, in stages, the

down flowing stream of liquid metal from furnace orifice.

As discussed earlier, the atomization will be most
economieal if impingement of gas will be eyual from all sides of
liquid stream, This can be obtained only if same amount of air
vith same velocity would impinge on 1liquid stream from all sides,
hence uniformity in annualar space, pressure and symmetry with
rospect to liquid stream would héve an important role in designing

a nozzle. Following design aspects have becn considered.
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(a) }ind chart =~ For continuous flow of air with
~ constant pressure, & wind chart ig provided at the top of annulue,
Size of wind chart may be as large as possible though it depends on
annulus., The height of the wind chart is limited by a maximum
permissible discent of metal stream before atomizing, Here it 1is

taken approximately.

(b) Provision of two inlet - Placed symmetiical with
respect to the annulus. These help to achieve an equitable distri-

bution of pressure in tho wind chest,

{e¢) Intermediary Channel - Connecting the wind chest and
annulus this is 4in the form of a grooved cup vhich receives air from
the wind chest and tefd to equalize air pressure in the subsequent

flow through the annulus.

(d) Connecting orifice - It transfer the alr pressure
from the wind chest to the intermediate channel, The suitable number
and diameter of such orifice have been worked out from an estimation
of working pressure range and the size of the wind chest.

(e) Projected periphery - It was provided at the internal
s0l11d metallie paft (c), as can be seen in fig. (20), for the

purpose of getting uniform annulus and spmmetry with respect to
1iquid strean, '
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(f) Cone Angle = It would determine the following
variables of atomization,

(a) Areas of effective disintegration. Greater this
magnitude of area, smaller will be the specific energy per unit
area available for disintegration, and hence smaller the rate of
atomigzation,

(b) Effective component of gas onergy used up in
atomizing. This component goes on de%xeasﬁng as the con§>angle

\

is inecrcased.

(¢) Distance of point of application of compressed air
from the point of cmergence from the nozzle. This fastor would
get in a counter direction to factor (b) due to the direct

"dissipation” effect caused by the alr pressure.

(g) Annular Space «~ It is provided for ailr flovw before striking
the metal stream. The consideration for keeping an optimum uniform
space arises from the importance of cbfaining a symaetrieal
concentric jot about the axis of down coming stream., An unsymmee
trical jot may cause many diversitlos, predominantiy, a wvide size
distribution range and nonuniform particle shape. Procisoc ostimae

tions in this regard havo been made possible by experiencoe.
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éh) Material COnsidepation - The most important
reqnifement from the material of application is its macﬁinability,
The other property desirable {rom the material under consideration
is its fabricabllity vhich includes weldability., !Mi1d steel in
various forms viz., sheet, block etc., fulfils all these require-

ments.

(1) PFabrication of Noggle - Nozzle was fabricated
in the following three parts.

¥ind Chest « It vas madeiwith the mild stoeel sheet of
3 mm thickness by welding it, according to the dimension shown

in fig, (20).

Internal Solid Part (C) - which has hole at the centre
to pass liquid stream, projected periphery to fit H part and
tapered odge to make angle of cone. It was fabrieated on tho

lathe from the solid block of mild steel.

Outer Hnllow Part (H) - It was fitted on internal solid C
part to make intermediate channel and angle of cone of air. It was
also fabricated on the latheo from the golid bdlock of mild gteel.
These throe parts are welded together to form the nogzzle as shown

in Fig'(EO)o
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Dravback ~ During welding some doformation oeburs

which results nonuniformity in annular spaces

Improved design shown in Fig. (21) was tried vwhere
wvholo wolding is replaced by nut and bolt system perfect symmetry

and air tightness was obtained,

(4) Alr Comnressox

The air coapressor assombly can generate a pressure
upto 110 psi. Due to 1ts low capacity and low rate of generation
of alr pressure, this maximum pressure decreases to 50 psi within
2 minutes during working. This caused a limitaion in studying
atomiging conditions fully. A three way channel is provided to
divert the blown air into two inlets of the nozzle. The pipe
gittings consist of pressure rubber tubings capabdle of withstanding

the normal prossure.

(6) 8tand for mounting furnace, nozzle and collecting Trough

It was made of slotted angle iron in which a provision
vas mado for mounting the furnace and nozzle. A shifting platform
for stationing the powder-collecting trough vas providcd below the
atonizing assemdly. The troupgh was made out of the tin shoot which .
can be introduced in and pushed out of its stationing platforn.

It has been shown in Fig. (19),



E E MERTAL PRO DURE

Experiment: consists of production of aluminium
and 1ts alloy powders and study of their characteristies.

Different steps involved in the experiment ars as followst

1. Adjustment of different controls

of atomizer
2, Melting of metal
3., TFormation of metai Strean
4, Blouing the compressed air
8., Ceasing of metal flow
6, Gollection of powder
7. Sieve analysis
8. Shapevstudy-

9, 8Sinterability 3Study

1. Control’ of different parts of

First step is to fix the nozzle on the atomizer
stand followed by the placement of the furnace in such a

manner that the orifice of the furnace and the nozzle
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opening are concentric., Inside the fﬁrnace, erucible with
deliver;jf; placed as shown in Fig. (18). The tub for collec-
ting powdor 13 cleaned énd placed at tho projected angle iron
sloves provided below the nozzle assembly in the atomiger,

This tub is then £illed with water to a height of about 4",

After this, place the alr compressor at one side
of atomizer and the temperature control unit on the other or

as por convenience of working.

2. Melting of Metal

Make the furnace switch on after comneeting it
to energy regulator and latter to\mains. Tenperature 1is
indieated with the help of Pt & Pt-Rh therrocoupley connéc-
ting to the tempersture indicator with the help of cozpen-

sating leads.

A woighed charge of metal to be atomized 1s placed
inside the furnace from tho top and the furnace mouth is
covered, and the metal is allowed to melt and heated to

the desired temperature.
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3. Formation of Metal Stream

Switch on the heater around delivery tube after
conngeting it to main through transformer. Gradually voltage
is increased from 0 to 35 volts. After some time, metal will
continue to flow through delivery tube. ﬁhke the supply

voltage 20,

4., Blowing the compressed air

After formation of stable 1liquld stream, valve of
the compressor, maintained at 110 psi is opened to blow the
compresse@ alr through the noszzie. When pressure drops to

50 psi, valve of the compressor is turned to stop alr blowving.

5. caasing‘pf metal flowing

Syiteh off the hester sround the deiivery tube and
netel flow 1s ceased by cooling the delivery tube by touching

it with s gteel bhar.

6, Collection of pouder
The water tud is withdrawn from the atomiger and
vater 13 removed from it. The remaining water'alongwith the

povdor produced is transferred in another small vessel or on
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a paper and is dried in atmosphere. The water tub is now
ready for further atomization . Dry powder is collected and

kept in polythene bags.

7. Sieve Analysis

| A dried 80 gm powder sample is placed on top of
g series of sieves and is shalizen for 20 minutes with the
help of sieve shaker. The portion of the powder retained on
each sieve is collected and welghod and exprassed as percen-

tage of total powder retained over a partieular screm.

8., Shape Study
8h§pe of varleus‘pouder is studied with the help
of 8tereomicroscope by sprinkling the powder on glass plate.

Magnification used for studying the shape was 40 X,

1 Sinterabiligy Study

Powders of particular'size distribution is prepared
by mixing the sievéd powders. This powder, with 3% Stearic
acld and methyl alcoholvis ground with the help of pestle
and'mortar. Compacted specimens are prepared with the help

of punch and die on the universal testing machine. Accurate
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dimensions of green compacts are measured with screw gauge.

Compacted specimen are sintered in a vacuum of
order o£:5 to 7 mierons with vacuum sintering assembly vhich
consists of vacuum unit i.e. diffusion vacuum pump joined
with rotary vacuum pump and sintering furnace compacted specie
men gre presintered for degasing at 250°C for 1/2 an hour and
finally they are sintered at 600°C for different time intdr-

vals.

‘Accurate dimension of sliantered specimen are measured

vith screw gauge and change in density is ecaleulated,

For hardness meagurcment, sintered speclmens are
ground on emery paper upto three zero number and BHW value is
tested using 2.5 mm gteel ball and 15.6 kg. load on Brinell

hardness tester,

Curves for showlng chanfe in density snd hardness

value with sintering time are plotted.
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Bintersbility of Powders

- The powdcer for sintering atudy was preparsd by mixing

the sieved powder {in the folloving proportions s

Table 4 - 8ize distribution of powder for compaction

Yesh No, Percentage
- 70 +100 | 10
- 100 + 120 10
<120 + 15 10
- 150 + 179 8
- 170 + 240 5.6
« 240 + 320 5
- 300 | 5

Powders were ground withk the help of pestle and mortar
with stearic acid and in presence of methyl aleohol for half an
hour., Compaction was made with the help of punch and die on
universal testing machine.

Constant variable used in sintering was as foilows )

Compactio: pressure ... 2500 kg/cm2

E4ntering temperatura ... 620°¢C

Sintering atmosphere ... Vacuum of the
order of 5.7 mierong
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In the present investigation atomization of molten
aluminium , aluminium tin and aluminium copper alloys have been
undertaken., As reported.elsewhere the atomizing medium was c¢old
air blown through a suitably designed nozzle. Afte: the powder
of different compositions produced, they were fractionated with
the help of set of sieves and the results of such sereen anglyses
have been plotted in Figure (22, 23, 24) and table (1, 2 and 3),
A suitable size distribution mentioned in table 4 was taken and
the powder mass was compacted to a suitable pregsure, which is
pormally required for‘producing'porous metal bearings containing
20-25% porosity. The compacts produced this way were sintered
at 600°G and the optimum sintering conditions were established
through expansion and hardness data. For the comparison of
sinterability of the atomized powvder and for the purpose of
improving this sinterability, tvo separate sets of observatlions
vere made. Firstly, individual metal powders were mixed resulting
in the same compositions as that of atomized alloy powders and
properties of sintered compacts produced out of these powde?
mixtures were studied. Secondly, atomized alloy powders were
subjected to grinding operation Just before compaction employing

aleohol as a grinding medium to avold any chance of possible
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oxidation of freshly created surfaces. Einterability of such
';;? ﬁsas reported in the subsequent papes is found to be better
than ordinary atomiged alloy powders. It is also clear from the
results mentioned below that atomized alloy powders have better
sinterability than the mixture of metal powders of the same

compositions, Also a ternary addition of copper in aluminium;

tin alloy leads to better sinterabibity.

Sige Analysis

Size analysis results of Al-8n prealloyed powdér are
ﬁlotted in fig. 22 as cumulative percentage oversize vs gleve
‘opening. Carves shoﬁ that on increasing puraentage'of tin,
percentage of finer size goes on increasing i,e, curves shift

downward parallel to that of aluminium,

Spacing between the curves representing pure aluminium
and A1-2% Sn alloy is more than the spacing correspomding to
A1-3% Sn or A1 5% Sn alloys. Similar results are also obtained
for Al-Cu alloy compositions as shown in Fig, 23, However, the
effect 1s not that much marked as it was seen in the case of

Al<8n alloy compositions.'
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Fig. 24 givés even better idea of an yield of barticular
powder size vhen plotted agéinst tho § alloying element., It is
clear from the curves that for both, aluminium-tin and aluminium-
copper alloys, the yleld of -100 mesh povder increases 1n1tia11y
and curves becomo horizontal later on, Also slope of the curve for
aluminium tin compositions is more than that of aluminium copper

composithons,

Thé effect of alloying elements on the yleld of particular
particle size is ma}nly determined by the modifications‘in viscosity
and surface ocnergy values of an alloy. Former relates to the amount
of flovw of the molﬁen metal or alloy while the latter one concerns
the amount of kinetic energy required to diostismeuisgh 'diéintegrate
the molten metal stream in the form of the fine droplets and
thereafter particles, Thus 1ncreaéed viscos;ty leads to lover flow
rate of the molten metal or ailoy‘and hence finer plarticles.
Similarly large value of surface enerby acts as a barrier for creating

novw surfaces and hence relatively coarser particles are resulted,

By the addition of tin or copper in molten'aluminium,
viscosity in the former case decreases slightly while in the latter

case increases sharply this 1s clear from 1iquid and solid solubi-
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1ity data ofSn and Cu in A} and also from the fact that binding
force between Al and Cu atoms is much more whereas between Al
and Sn atoms it is practically negligible., Thus from the point
of view of visecosity, Al Cu alloy should lead to a finer particle
size than Al-Sn alloy., On the other hand, the surface enorgy
values for Al-Cu compositions higher than Aluninium which leads
to coarsdr povder, Ia case of Al-Oum, the surface energy value
is lower than aluminiumlwhich is favourable for finer éize of
particle. Results shéw that addition of tin or copper to alu-
ﬁinium reslitoas the particle size of powder. It indicates that
effect of increase viscosity for AIQCQ composition and effect

of decrease surface tension for Al-8+ composition is pronounced.

Shape Btudy

AMuninium and its alloy powder 15 studied under stereo-
microscope at a magﬁification of 40 X, Aluminium powder appears
elongated in one direction with pointed end and bended from the
middle. Their surface appears to be rough, Al-Cu prealloyed
povder appears more elongated and pointed as compared to that
of aluminium converse 1s observed in case of Al-Sn prealloyed
powder, surface of Al-ﬂu prealloyed powder 15 seen more smooth

as compared to that of aluminium of Al-Sn prealloyed powder.
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Different gize fractions of sieved powder were studied
and itwas found that there was no changeiin shape with respect

to difference in size of the povder.

Al-Cu prealloyed powder are seen more elongated in one
direction and overall smooth surface‘throughout. This 1s due
to'large overheating (1iquidns temperatura'of Al1-4% Cu is lower
than that of aluminium) vhich results to drop to solidify after
sufficient time has elapsed, and surface‘tension foree will act
for larger time to smoothen the particle surface. Also 1;rée
surface energy of Al-Cu alloy tends to minimise the surface
regsulting into smooth spherical surface of the parttcie, but
drop has been elongated in one direction due to difficulty of
flov ¢aused by large viscosity of alloy. less elonration and
rough surface of particle of Al-Sn powder are due to its low

surface tension and viscosity.

Sintorabillty

While studying the sinterability of two alloy system namely
Al-Sn and Al-Cu 1t is obvious that for tin compositions “mé tin

phase 1iquifios durinz sintering whereas‘for Cu composition
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boing within the single phase region, it remains purely a solid
state sintering. Thus the mechanism of sintering would de Aiff-

erent in these alloy system.

In order to study the sinterability of these systems two
variables have been taken here namely echanges in dengity and
change in hardness with pespect to the sintering time keeping
temperature constant to a level of 600°C, The sintering atmose

phere was vacuum of the order of 5-7 microns as reported earlier,

d

Dengity Changes

Change in density Vs. sintering time as shown in fig, 25,
26, and 27) indicates that for Al-Sn composition there 1s.an ini-
tial decraage in density. This decrease 1s even more in the ecase
Al-Sn atomised alloy powder in comparison to Al-Sn mixed powder,

Hovever, no such decreaso was observed in case of Al-Cu system,

" The decrease in the density of Al-Sn composition may be
due to an hinderance in the process of degasification because
14quid tin phase might obstruct the capillary channel of inter
connected porosity and thus causing the gases contained in the

pore to expant.
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After such an initial decrease thers is éontinuous
increage of density in all the cases. The reason of which
appears to be the decrease a number and sizes of pores. Higher
densification 1s observed in the case of Al and Al.Cu systems
as compared to that of Al.Sn., This is obvious because the binding fmi
forces between A1 and Cu and also between Al-Al atoh are more

compared to that betveen Al.Sn atoms.

While studying the offect of Cu on Gdnoity changes it is
clear from f£ig., 27 that addition of Cu has resulted to lower
density values, Thus from the point of density changes addition
of Cu has not been beneficial in improving the sintorability.
Effect of grinding Just before the compacting was carried out
in the ease of pure Al and the results shown in fig. 25 indicate

that 41t has resulted in better densification after sintering.

Hardness Changes

The general characteristic of hardness curve sharn in
fig., (28, 29 and 30) shows that hardness 1ﬁcreasas from 1/2 to 1
hr of sintering in the all cases. However, after such an
initial inecrense there oceurs o minima in all the cases. In

the case of A1-27 Cu prealloyed powder the initial increase of
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hordness remains continuous and 1t is only after 8 hrs. of

sintering that a slight decrease in hardness is observed,

The mixture of Al-Sn powder shows a very poor hardness,
However, the nature of curve remain ihe same as that of Al-Sn
prealloyed powder. Furthernore addition of copper seems to
improve hardness valuc vhen compared with binary alloy, in the

fina)l state of aintering;

Tho first ineresse in hardness curve referred above is
due to increase in number of bonds and densification through
elinination of pores, In this respect both harfiness and den-
sity changes are alike. The occurrance of minimas in the curve

<

indicate the possible grain grovwth of alﬁminum mat?ix as a
result of which hardness decreases and the density increases.
However, this grain growth lattor on envelops the porosity
leading to an increase in further density and thereafter again

there is general increase in hardness -as shown in the curvés.

In Al-Sn prealloyed powder, higher hardness value is
obsorved at 2% tin, This may be due to fine distribution of

tin fn aluminium matrix vhich results dispersion hardenging,
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’

At more than 2% tin, lower hardness value may bedue to presence

of large softer tin phase.

The poor hardness values observed in the ease of unalloyed
powder mixtures may be‘due to nonuniform distribution of tin in
case of Al-5n composition and in complete formation of Al-Cu

alloy in case of Al-Cu composition.
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CHAPTER - 6

GONCLUSIOHN
« The following conclusion may be drawn fpem the prece¢ding

chapter.

(1) Addition of tin or copper to aluminium helps in
the production of finer powder than is possible with Aluminium

alone, In this regard tin is more effective than copper.

(2) Grinding of powder mixture in presence of methyl
alcohol prior to compacting helps in obtaining higher densities

of sintered compact, ’

(3) After sintering, Aluminium-tin and Aluminium.copper
pre-alloyed powders have higher densification and hardness
values as compared to Aluminium or Aluminium-tin or Aluminium-

copper powder mixtures.

(4) Addition of copper to aluminfum~-tin powder mixture

improves the hardnsss after sintering,
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CHAPIER o 2
SUGGESTIONS P ER_HOR!

The work can be extended for economical production of
atomiged powder of better quality. By quality of powder it is /
meant that powder should be free from undesirablé impurities
such as oxygon and it should possess properties desirable for
compaétion and sintering. Efficiency of atomizati&g 1is measured
by f&nehess of powder particle. Along the following linés work

can be extended. - ' '

1. Oxidation of powder takes place in atomising zone when
air and powder in hot‘condition are in contact. Therefore, for
prevention ofvoxidation it is required to considédr the atomizing
med!a; Tyo typas of atomizing media are possible, (1iquid and
gas) for atomization. In case of liquid éauatomizing media,
the process may not he effic;ent vhers 1ot of heat loses from
drop occurs by atomigzing mediaiin its heating and vaporisétion
in atomizing zone, (aseous type atamizing.media have been
proved to show economy in atomization process, For prevention

of loxidation, instead of air other gases such as petrol gas,
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ateam and nitrogen inert gases may be tried. ,

(2) Chose circuit atomization 4s also possible to reduce
the chances of oxidation vhere the atomizing media 1s circulated
reppabedly using vacuum and compressfon devices in between and

media is kept free of 0, content throughout the process.

(3) For obtaining detter efficiency and contpol on
atomisation process variables such as rate of metal flow and alr
flow, pressure of air and temperature of metals requirs a

critical study,

Apart from working in direetion of economieally production
of better quality powder, some other possible aspect of atomi-

zation may be studied which are as follows -

(1) Use of mixture of petrol vapour and air in particular

proportion msy be considered as atomizing media.

(2) Usge of multi-cone mavity nogzle which will supply gas
at 4ifferent angles with different velocity, may be
useful for obtaining powder of particular size dis-

tribution economically,
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(3) Use of matal wire instead or uaf&g molten metal
and atomization of it by ignited mixture of air
and petrol in proper proportion may have a good
approach for #tomizatinn process. However, eco-
nomy 1s yet to be tested.
There aré also some suggestions for further work to improve
the sinterability of aluminium end aluminium base alloy powders

which are as follows 1

(1) Addition of activating agents like fluorides of

caleium sodium and lead ete.

(2) Sintering under ultrasonie vibration to remove oxide

- at the particle surface.

{3) 8intering by fluctuating temperature very cloge
to melting point of aluminium or liquidus of alu=

miniun base alloys.'
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