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ix

Posader metallurgical tests have been carried out in comnection with an
investigation of the recycling possibilities for cast irem swarf. The
machining swarf was converted to powder by ball milling. These powders
were then sieved, the free carbon removed and the carbon content of
the powders further reduced Ly healtj.ng in an cxidizing atmosphere
produced by the additicn of iruon oxide. The characteristics of the
powdera such as chemical composition, sieve analyeie, flow-rate,
apparent and tap densities were determined. The compacticn and
sintering characteristics of these pouders were also studied and the
green densities under Adifferent compacting pressurez and sintered
densities at varicus sintering temperatures and pressures Were
recarded. The effect of the addition of a emall amount of nickel

powdser on compaction amd sintering characteristics were also studied.

It wms found that gray cast iron swarf can be pulverized in a hall
mill ard carbon level can be reduced by washing ard by reduction with
iron oxide. The aprarent and tap densities of the particles were
imrreased after washing and decarburization. The flow-rate of the

ponder was decreased slightly efter washing and them increased after



decarburization. The green and asintered dansities were increased with
pressure and sintering time temperature. The fractured surfaces showed
a better finmness of the particle grains with increasing compacting
pressure and sintering temperature. The addition of nickel decresases

the caompactibility of cast iron powders.

The work showed that if we could control the manufacturing processes
the reclamstion of these powder by powder metallurgy technique is

feacible.

o
p—
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1.1 Introduouction

Research work on the reclamation of machining swarf has been carried
out in ths past, but the cost of ths recovered metals did not show a
strong economic ground for further werk. In fact, until the
advancement in powder metallurgy, no big effort was made for the
reclamation or rec_?clling of the machining swarf generated in
enginsering mamifacture, othar than its ramelting in the furnace, In
" the last decade, a rapid increace in the cost of engineering materials
followad by an increase in the cost of energy has drawn the attention
of many research workers to find a suitable method, which muldlresult
in most econamical reclamation of the large amount of machining swarfs

generated.

Among the varicus machining swarf generated in the pmroduction shops,
swarfe of mild cteels, low alloy steels, cast iron, brass, aluminium
and its allocys are most common for consideraticn regarding
reclamatiom. Of these, ferrous machining ewarf represents a major
porticn of the total tonnage of swarf produced. In fack, chips of the
ferrous machining swarfs and particularly that of mild steel and low
alloy steel possess high bulk and large surface area, but are
contaminated with cutting oil. The following problams are faced during

ramelting:



Introduction 2

{a) Because of axide contamination the metal recovery is low.

{b) To Umprove recovery . from the powders, often brigquetting is
recessary.

{c) The production of smoke and pollutants as a result of the

residual cutting oil.

Ine to the above prablema, ferrous machining swarf is supposed to be a
low grade scrap. Moreover environmental problems and economical
reascns tend to decrease its demand for remelting by foundries and’

stesl plants.

On the contrary, farrcus machining swarfs have many good aspects also
which can be emumerated as follows:

{a) Inspite of its high bulk mechining swarf can be compressed to
a certain shape in die.

{b} An efficient mass production system is capable of providing
swarf of specific oampositicn on a particular line.

{c) Improved machining methods may result in the production of

smaller chips of the swarf, thus reducing the bulk.

The cast iron being weak amd brittle, is very easy to pulverize to
very fine powdsr. Furthermors -its swarf 1s not always conbtaminated
with cutting oil due to the adoptiom of dry machining techniques, and
if it is properly pulverizad the annealing and reducing treatment may

be avoided.
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1.2 Thaoratical Bachkgrournid

The advances in powder metallurgy tecimiques, and particularly powder
preform forging in the beginning, indicated a posaibility of ita
applicaticn in machining swarf reclametion by considering it as coarse
powder. In the first probable work regarding reclamation by this
method, gray cast irom tumings were re-utilized as a material for hot
forging. Another work dane at General Mbtaors suggested the comveraion
of steel ma.clumng swarf into cocarse powder which was then sintered
and forged for comsclidatieom [1]. A more detailed imvestigation was
then made on the reclamation of mild steel and non-ferrcus éwarfs

by hot coining and extrusien of preforms [2,3].

The work done by T. Makagawa and C.S5. Sharma (4] follows a preliminary
attempt made by the authors for the consolidation of machining chips
of vonsiderably smaller sizes obtained by turnings under epecial
conditions [1]. Since the preliminary irmvestigation showed that the
purface porogity was a major problem in products  consclidated by hot
forging, the machining swarf is crushed to coarse powder and then
consolidated by powder farging.

Hxever, it was observed that the macro—mesh pulverized steel powder
from machining swarf have same dizadvantages such as weak strength and
rough surface in the sintered products, and surface parous layer in
Powder forged producks. These defects are supposed to come from the
big;.jer powder particle size as compared to the conventional iron

powder [1,2,4]1. Thus it is essential to developed the micro-esh cast
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1
irem swarf powder as a substitute for rra%:m—rr&sh steel swarf powder in

the reclamation of machining swarf. |

In the sintering of the above cast iran powders, the strength being
equivalent to the wrought nodular cast iron can be cbtained in the
presence of considerable large shrinkage [5]. Therefore, it was not
possible to get a high strength sintered product together with high
dimensional accuracy in any sintering condition. As the result of
investigatian, the excess amount of carbon inside the cast ircn powder
has been confirmed to cau.-lae the weak strength and the la.r;ge shrinkage
in sintered cast iron products. The carbcn content of cast iron powdar
can be reduced to the lewel of high ca.rbm steel by iron powder and a
significant improvement in strength and dimensional change wae
experimentally achieved [5). A remarkable increase in the tengile
strength was cbserved for 50wt% addizion of iron powder at the
sintering temperature of 1150°C where the shrinkage is within 0.5%.
Thereby an idea was born to reduce the carben content of cast iron
powdar by extracting free graphite fla.l-:e:.s instead of admixing irom
porder. |

The work dme by T. Nakagawa and P.S. Dai [6,7] was confirmed the fact
that a high strength of sintered proﬁuct with good dimensional
accuracy can be obtained from the decarburized cast iran powder as
compared to the sintered product of cast iron powder, The mechanical
properties of those products are excellelnt enough to be used for heavy
duty mechanical parts and are recagmized to be little bettsr than

those of wrought nodular cast iran.
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& sucessful sintering of cast iron swarf has not cnly provided a
method of recycling of the swarf, but alsc 1t seems that this awarf
may become a substitute for iron powder in many %ndustrial
applications. Although some industrial requirements have been
difficult to fulfill, however, the producticn of iron powder may be
poesible by this scrap ircn powder method. Though the basic abjective
of an econcmical transformation of all kinds of metal swarf to
engineering components is not achieved fully, mamny new ideas con the

eccnmical recycling of varicus ewarfs are foreseen.

Currently attention in Powder Metallurgy (PM) is focusing on three
areas: improving powdermaking techniques, developing materials to
accommxlate more demanding applications, and finding better methods
for forming parts [8]. Not surprisingly, all three areas are
interrelated. New powdermaking techniques can improve properties of
existing materials, and in many cases lead to the development. of new

material that couldn't have been made before.

1.3 Scope of Present Work

Works an the recycling of cast iron swarf have been started in the
UsSA, Japan and some other dsveloping countries, like India, anly in

the last few years. The USA, Japan, and India are trying to evaluatse
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the sintering properties of iron powders produced fram cast irom swerf
[1-7,9,10]. Besides, Japan is producing sponge irum using a certain
percentages of cast irom swarf with other raw materials. It is to be
mentioned here that Bamgladesh is one of those countries fram which

Japan imports this swarf [11].

Currently small scale workshops are rapidly growing throughout
Bangladesh. These along with other foundry shops of ocur country
produce enormous quantity of cast iron swarf. This swarf iz damped
alongsids the mills as waste product and constantly hampered the
normal work of the mills. Since gur country lacks the mineral
regsources and has to import all the pig iron it uses, suitable
recycling of these huge quantity of cast iron swarf might make it
possible to better utilize the limited resocurces of the country. With
this backgrournd in view, research work has been taken up in this

department in this new field.

The primary aims of the present work are :

fa) to reduce the carbom content of the ground swarf o as 1low a
level ag poseible a0 as to avoid the embrittiing effects of gi-aphite
in the final product,

b} to study the compacting and sintering charactaristics of
these ponaders,

{c) to compare the microstructures of the sintered specimens.

fe} to examine the effects of =additions of emall amount of

copper, nickel, etc. on the sintering characteristics.
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2.1 Imntroduction

Introduction

The science of powder metallurgy has developed and enormously
expanded in the last few years. By powder metallurgy, a new way has
been provided of making either campact blocks of metal for subsequent
mechanical working, or finished metsl articles having specific
properties which could not be produced at all, or atleast as

economically, by any other means.

The term 'Powder metallurgy' oovers the art of producing fine metal
powders and objects from metal powders, with or without the addition
of non-metallic constituents and without completely melting the
material. The powders may be pressed to a desired form in a suitable
die subsequently or simultaneously heated to produce a welded,
alloyed, or coalesced mass. The material may then be suitable far

immediate use ar may be further worked by canventional methods.

The requisite steps in making a part by powder metallurgy includs
making, preparing and blending cf metal powders, compacting and
simultanecus or subsequent heating at elevated temperature 1n aﬁ
furnace under a protective atmospheres with ar ;:ithmt fueicn of a low-
melting point constituent cnly so as to develop metallic ar metal-like
bodies with satisfactory strength, den.'s:ity and without losing ths

escential ghape imparted during exmpacting.

-

N
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The flow chart in Figure 1 summarizes the various processes and
cperations used in manufacturing powder metal parts [12]. This chart
shows in proper sequence the operations Erom raw material to the
finished parts. The finished parts may undergo sevsral further
operations that are not shown on the chart. These include tumbling,

ard sometimes, additiomal sintering.

Mvantages of Powder Metallurgy

Metal in posder form is higher in cost than in solid form, and the
process, adaptable only to mass production, requires expensive dies
and machines. This higher cost is often justified by the unusual
properties obtained. Same products cannot be made by any cother
procesces; others made by this process compete favorably with their
counterparts made by other methods, because the close tolerance
maintained in this process eliminate the mecessity of any further

Frocessing.

The powder metallurgy process has certain basic advantages over
conventional melting and casting methods of producing metals, alloys
and finished articles. Following are same of the advantages of powder
metallurgy

1. Ability to start with raw materials of high purity
characteristics of consistent uniformity. The powders availsble in

pure state produce items of extreme purity.

ey
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2. Better cantrvl of camposition and structure of the
camponent because of the nature of the technique. Cantrel of grain
hence size amd relatively much unifarm structure is possible [13].

3. Possibility of producing articles having unigque
properties unobtainable by other methods, e.g., controlled porocsity in
bearing and filters.

4, Suitability for mixing metals and non-metals, e.d.,
copper and graphite in self-lubricating bearings, dyname brushes:
metal—ceramic mixtures for high temperabture services.

5. Offers a method of producing parts with metals which
cammot be melted cammercially or only with considerable difficulty,
and do not lend themselves to casting, e.g., tungsten, molybderum, and )
tantalum.

6. Can be used for metals which do not alloy having
widely separated melting points ar gqreatly different densities, e.y.,
copper-molybdemum, copper-tungsten.

7. Excellent reproducibility.

8. Improved physical properties, for any metal, by
proper die pressure, particle size, and sintering temperature.

9, Booncmy, greater accuracy, and smooth surface

finish. 10. Cleaner and quieter operation and lamrger life.

Limitation of Powder Metallurgy

The powder metallurgy process has definite limitations and many

difficulties to overcane, which distinctly limite its application at
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the present time. Same of the limitations and disadvantages inherent
to the process are as follows:

1. Metal powders are expensive and scmetimes difficuit
to store without some deteriaration.

2. Intricate designg in products are difficult to
attain, since there is little flow of the metal particles during
compacticon.

3. A completely dense product is not possible to attain
by this procese. Hence the physical properties cobtained by this
process are lower than those cbtained by other processes. lower
tensile and yield strengthe, lower elongatiem and much lower impact
strengths are cobtained due to the inherent porosity in powder
metalluryy parts.

4. Some thermal difficulties appear in sintering
operations, particularly with low-melting powders such as tin, lead,
zinc, and cadmium. Most oxides of these metals can not be reduced at
temperatures below the melting point of metal; hence, if the oxides
exist, they will have detrimental effects an the sintering grocese and
result in an inferior product.

5. Same products can be made more economically by other
methods since the size of powder-fabricated parts is controlled by the
capacity of the process available and alsc by the compression ratic of 1
the various powders,

6. The precision dies in which the parts are pressed
and the press itself are expensive, and unless the high cost can be

distributed over large production runs, the overall cost per pisce
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producad may become expensive.

7. Difficulties are axperienced in ohtaining alloy
powders such as steel, brass, bronze,etc.,' because of the
nonavailability of simpler methods.

8. Porous materials are liable to oxidize at the
surface as well as throughout the whole body due to its porosity.

9, The larger products obtained in this process are
likely tc have non-uniform density dus fo nom-uniform distribution of
pressure in the powder.

10. Same powders in  finely divided state present
erplosion amd fire hazards. Such metal includes aluminium, magnesium,

zirconium, and titanium [12].

Applicaticn of Powdler Metallurgy

The process of powder metallurgy is utilized for manufacturing
rumercus types of materials and products. Its use is rapidly
increasing day by day. A large number of applications of powderl
metallurgy can be listed. Amng these are fabrication of (1) high-
melting metals, {2} cemented carbides, (3) porous objects, (4)

physical mixtures of two or more metals or metals and noometals, and

{5} structures parts.
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=z .2 Powvwder: Manufactuure

Introducticn

Mthough all metals can be produced in the powdered form, only a few
are widely applied in manufacturing pressed-metal parts. Sane lacks
the desired characteristics or properties described earlier which are
necessary for econcmical production. The various manufacturing
processes can be grouped into two headings:. {1} mechanical processes,
and {2}I phyeico-chemical processes. Included in the former group are
fa) machining, (b} crushing, {c} milling, (d) shotting, (e} gra:im'.ng,l
amd (f) atamization. The latter group includes: {i) condensatiom, {i:i.}l .
thermal deposition, {iii) reduction, (iv) elecj:rc:-—depcsition, f+)
precipitation from aguecus solutiem, (vi} precipitation from fused
galtz, ({vii! hydrometallurgical or gasecus reduction, (wviii)
intergranular corrosion, (ix) spark erosion, and (x) omidation and
decarburization methods. Of them the most commonly employed commercial
methods for meking metal powders are: milling, atomizatiom, thermal
decomposition, reducticon of axides, gasm reduction of solutions,

and eIrLec trolysis.
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Practically any material can be made into & powder by using one or
mre of these methods. The particular method chocen deperds upon the
types of raw materials readily available, the desired properties amd
structure, type of application, the intended market of the final
product, the econamics of the whole powder productian process and the

limitations of the special types of Powder Metalluruy Processes.

2.3 Characteristics aand

Teasting of Moetal Powdleaers

Introducticn

The process of mamufacturing powder metallurgy articles economically
depends on the physical aml chemical characteristics of the initial
metal powders. They have definite effects on characteristics and
HPrysical properties of the compacted product. The characterizatijon of
powders is difficult because of the complex nature of a solid material
in powder form and the many characteristics of an individual powder
particle. There are various methods of mamufacturing metal powders and

thers is a wide range in their charackeristics.
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The main puwrpose of powder testing is to ensure that the powder is
suitable for subsequent processing. A sample of metal powder iz always
selected for the determination of its characteristics and control of
these characteristics is necessary for maintaining the required

uniformity in different powder lots.

The hasic characteristics of a metal powdser are (i) chemical
composition and purity, (ii) particle size and its distributiom, (iii)
particle shape, and {iv} particle microstructure. Apparsnt and tap
densities, flow rate ag well as 1tsl-cr:nmpacting and sintering
characteristics are the others which are dependent entirely or to a
large extent on the abowve primary properties of metal powders. Primary
properties such as the particle size distribution and the :important
secondary properties such as apparent density and flow rate are most

wideiy used in the specification and comtrol routine.

Chemical compositian

The chemical composition of metal powders is not as important as theirl
physical and mechanical properties. However, composition, and
mﬁimﬂarly impurities, will greatly influence the characteristics of
amy powder. The term impurity refers to scme slements or compounds
which has an undesirable effeckt. It r[hEﬁ" exert a decisive effect on
pressing, sintering, and other post-sintering operations which are

essential for the production of finished product fran powder. [13]

P>
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The most impartant £actor is the amount of oxygen that may be found in
the powder as oxides. The oxides found 1n the metal powder from
manufacturing may oreatly weaken the powdered product. In iron
powders, the presence of cérbm {az comentite FESC:I, gilica, sulfur,
and mandganese meY greatly‘ influance the plasticity of iron pmt:lérs,
making them difficult to cold press. Carbon in the form of graphite
may be desirabie from the viewpoint of lubrication during cold
pressing, and its presence during sintering may result in changing
the iron to a product similar to steel. Graphitic carben is often
added +to iron procducte for the purpces of making a harder iron

simalar to steel [14].

Particle S5ize

Particle size 1s one of the moat important characteristics of - any
metal powder because it affect most of the properties such as density
of compact, porosity., green strength, expulsicn of trapped gases,
dimensicnal stability, agglomeration and filow and mixing

charateristics.

Particle size is expressed by the diameter for spherical shaped
particles and by the average dimension for non-spherical particles.
Average dimensicn is defined in different weys according to the method
employed for size distribution. When the method invelves sizing, the
particle size 1s measured as the opening of a standard screen which

just retaine or passes the particles [13].
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62 | - 0.063 250 230 0.062 | 240 1,065 v lao G.060
53 b2V 0.053 270 I 270 o 0.053 1 300 0.053 ! - -
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Table }. Testing Eieve series 1n common use.
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Different systema of asieves are used in various countries for the
determination of sieve size powders. In America the Taylor or the 1.8,
Standard System, in U.K, mainly the B.S. System, in Germany usually
the DIN System and in France the AFNCR System are widely prevalent.,

The various sieve scales in common use are shown in Table 1 [13].

The distributicn of particles si1ze has considerable influsnce in
determining the flowability and apparent density as well as the

final porosity of the product.

Particle Shape

Particle shape has a prancunced effect on the packing of a powder and
has an influance an its compacting and sintering properties and the
mechanical strength of the sintered product. Irreqularly shaped
particles have reduced apparsnt density and flow rate, good pressing
and sintering properties, while sphericel particles have maximum
ap;farent density and flow rate but reduced pressing properties and

inferior sintering characteristics.

N
Optical cor electron microscopic eXamination is the usual method of

evaluating the particle shape.
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Apparent Density

'
The looce poader densities, i.e., apparent and tap densities of the
powder are important characteristics of any powder. They are strongly
affected by a variety of other powdar characteristics as indicated
in Table 2 [14]. A1l these characteristics affect the friction

conditions prevailing in the powder.

The weight of known volume of unpacked powdsr is called the apparent
density. The apparent density is a very j:npcrtaﬁt factor affecting the
gompression ratic that is required in arder to press the powder to a
given density. It is obvious that a bulky or low apparent density in
the powder will require a longer compression stroke and relatively

deep dies to produce a cold-pressed piece of given s1ze and density.

Tap Density

Tap density iz the apparent density of the powder after it has been
mechanically shaken down or tapped until the level of the powder no
lormeer falls. The tap density also depends on =ll those variables
listed in Table 2 and , in addition, an the characteristics of the
tapped procedure. During tapping the particles are forced to jump
according to the vibration characteristics applied, and in this way
they overcome to somwe extent the friction forces which determine the
apparent density of the powder. Tapping therefore, results in improved

packing conditions with reduced particle porosity and roughness.



Table 2. Variables affecting the loose powder density.

{1y Type of material.

f2) Material densiky.

{3) Particle density.

{4) BAwerage particle size.

{5) Particle size distribution.

f8) Average particle shape.

{7) Particle chape distributicn.
{8) Sperific surface of the powder.
{9} Oxide films.
{10) Additians, such as lubricants.
{11} Medium surrcunding the particles.
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Flow Rate

The flow rate is a very important cheracteristics of posder which
measures the ability of a powder to be transferred. It is defined as
the rate at which the metal powder will flow under gravity from a
container through an orifice both having the specific shape and
finish. A powder is required to flow uniformly, freely, and rapidly
aredd conferm to the mold cavity. If the flow i= poor, it becomes
necessary to slow down the process of cold pressing in order to get
sufficient poesdder into the die. The flow rate of any powler is largely
infiuenced by the s‘ize of the powder particles, distribution of the
gize, particile shape, and freedom from even minut_e amount of absorbed

moisture.

Fressing Properties

The pressing properties are represented -by the term copressibility
and compactibility. Compressibility is cne of the most important
characteristics of a metal powder since it affscts the densification
rrocess. It is a measure of the the ability of the powders to get
defcrmed under applied pressure and is represented by the pressure-
density {or pressure-porosity) relationship. It is defined as the

ratic of {(a) the green density of the compact to the apparent density
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of the powder, or {b) the height of the uncompacted powder in the die
to the height of the presszed campact, or {c) the volume of powder
poured into the die to the volume of the pressed compact. This ratio

iz usualiy termed as compression ratic.

Compactibility is indicated by the pressure-green strength
relationship. Compactibility of a powder is defined as the minimum

pressure required to produce a compact of given green strength.

Both thesa terms are dependent on particle =ize, shape, porosity or
density and hardness, surface properties, chemical composition amd

previcue history (e.g., hardenu;g, annealing, ete.) of the powder.

Green Density

In general, the green density has been found to increase with (i} the
increase of compacticn pressure, {(ii) the increase of particle slze Or
apparent density, {iii) the decrease of particle hardness {and
strength), amd {iv} the decrease of compacting speed. The general
dependsence of green density on geveral important factor is showm

schematically in Figure 2 [13].



GREEMN DENSITY ~——=

COARSE & SOFT PARTICLE
LOW COMPACTING SPEED

FINE & HARD
PARTICLE
HIGH COMPACTING
SPEED

GREEN DENSITY —————a=

COMPACTING PRESSURE —» APPARENT DENSITY ~————
(a) (i)

Figure 2. Schematic illustration of dependence of green density on.

{a) Particle size, hardness, ccmpacting speed and
compaction pressure.

(b} Apparent density for a given metal powder.
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Green Strength

The green strength of a powder is defined as the mechanical strangth
of a green caompast required to withetand, without damsge to sherp
edges and fracture the ejecticn from the die, handling of the part for
quality control measurements and transfer to the sintering furmace.
The strength of the green compacts is preliminarily dependent an the
consclidation pressure and arises mainly from cold welding and
mechanical interlocking of n.eighl’nrmg particles. Particle shages and

structures and si1ze distribution have a great ¢ffect upon green

strength.

Properties of the Sintered Compact

Dimensignal c¢hange during gintering

Dimensional changrels always occur when a green compact is given a
sintering cperation. It is determined by takimy the measursments of
dimensions of standard specimen before and after sintering under
gtandard conditions. IIt is CLlStﬂIrEIY to express the shrinkage (or
gfawth]l as a percentagelof sintered length (particularly in the
carbide industry} or of unsintered length {particularly in the

industry dealing with engineering compmments and bearings) [13].



Powder Metallurgy : A Review 21

Sinterad density

The method used for the determination of sintered density are similar
to kthose which have already been described for the determination of
green density. The property facilitates rendering of informaticns on

parcsity of the finished product.

Porosity

The presence of porosity hss a much greater influence on tensile
strength [16-21], vield strength [22-24], elongation and fractural
toughnese [25-33], and fatigque strength [34-37] and a rapid increase
in these values 1is obtained with the density approaching the
theoretical. Porosity acts as a stress raiser and the sintered
component does not indicate truly elastic behavior, rather it appears
to function in a similar menner as graphite in cast iron. It is very
difficult to produse powder metallurgy parts without amy porosiky
remaining after sintering. The total porosity present in the sintered

part may be calculated from the following eguaticn

pal- P ( Ref. [13] )

where P 12 the fractional porosiky, Dp the density of the sintered

material and D the density of the solid material,
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L]

Mechanical properties of sintered parts

The mechanical properties of the sintered parts that are asually
considered are hardness, elongation, and tensile and compressive
strength, Hardness measurements of the Bintered parts are not reliable
because of the existence of comsiderable porosity with it. However, in
the ideal cagse, the microhardness remains independent of porosity but
where the residual porcsity in the sintered part is very fine due to

the use of very fine powders, it shows a dspendence on porosity [13].

Microetructure

The examination of microstructures of sintered components follows the
gensral metallographic technique. Sintered parts possessing residual
porosity should be polished and etched with exira precauticne. Psfte:r
etching, the specimen should be throughly washed, otherwise the
etchant will be absorbed in the pores and staining will appear.
Metallographic examination will not conly reveal the amount and
distribution of poresity but alse the amount and distribution of

phaces, grain size, inclusicns and homogeneity of samples.
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2.4 Powder Conditioning

The metal powder just after production may not possesses favorable
pliveical or chemical characteristics for subsequent processes. To
cbtain of such properties is of prime importance from the view point
of both mannfacturer and user, FPowder corditioning, which involves
mechanical, thermal or chemical treatments or alloying of powders, is
a very important procescing step of Powder Metallurgy. In general, ths
powder should be free from impurities and possess uniform properties
favorable for compacting and sintering in order to producs powder
cormpacts of high density and reproducible properties. Impure, wet, or
defective powder may he washed, dried or softensd and purified by
ammesling in a reducing atmosphere. Its size, size distribution amd
shape may be varied by sieving, mixing or milling for optimum

condition.

Preliminary heat treatment before mixing or blending ghpuld be carried
put in a reducing atmosphere in arder to eliminates work hardening,

redures the oxides amd to alter the apparent density of the metal

povder.

Blending or mixing is extremely desirable before pressing to securs
uniformity in the pressed compact. Particularly all powders have
lubricants added in the blending operation to reduce die wall friction

amd to ald 1in the ejectiom. Varicus types of blenders and mills
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such as ball miils, rod mills, double cone mixer etc. are employed for

mixing .

Tmmediately after the preparation of powder nd.:q, it is transferrsd to

press hopper stored under aivr, vacuum, or ligquid in sealed containers.

2.5 Powder Compacition

Conpacting the powder is an important step in the Powder Metallurgy
methad. In addition to producing the required shape, the compacting
cperaticn also influences the subsegquent sinterﬁg operation, and
governs, toc a large extent, the properties of the final product.
Several, of the most important effects of Ic.cnmlnacting are :

1. To reduce voids between powder particles and
increase density of the compact.

2. To produce adhesion and cold welding of the powder
and sufficient green strength. "

3. To plastically deform the powder to allew recrysta-
1lizaticn during subsequent sintering.

4, To plastically deform the powmder to increase the

contact areas between the powder particles, increasing green strength

and facilitating subsequent sintering.

£l
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Although there are various methods of powder compaction, only a few of
them are widely emploved commercizlly. It is convenient to group the
various methods into the following classification: (i)} pressure-less
shaping techmigque, (ii) cold pressure shaping technique, and (iii)

pressure shaping tectmigue with heat.

The pressure-less shaping methods are those in which a required shape
is given to a powder mass prior to sintering it without applying any
external pressure. The methods which fall inte this group are loose
sintering, slip sintering, slurry casting, clay type molding amd high
velocity projection; and of these only locse sintering has importance

in the Powder Metalluryy [ield.

-

The cold preasure shaping techniques have the largest scope for
shaping metal powder. Included in this c¢lass are: {a) cold dis
campaction, (b) isostatic pressing, (¢} explosiwe forming, (4} high
energy rate farming, (e) powder rolling, (£f) cyclic campacting, {g)
vibratory compacting, {h) centrifugal compaction, and (i) powder

extrusion.

Pressure forming with heat include {a) hot pressing, (b) hot warking,
a.9., forging, hot extrusion, hot ralling, {c} hot iscstatic pressing,

{d) spark sintering, and {(e) hot coining.

Of all these shaping methods listed above, cold die ccgrpactim, which
iz considered as the comventional technigus, 1s simple and the most
widely used method becauee of the ease of automation of this

technique, mass producticn of powder-metallurgy compacts, allowing
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more latitude iu the selection of lubricants, and improved surface
appearance by the elimination of oxidation at room temperature. Other
major campaction techniques which have been developed are oo Ly
utilized to overcame scme of the drawbacks of die campaction and to

provide for an improved consolidation process.

Following the compacting operation, the relatively fragile but
coherent mass of metal powder must be ejected from the die without

injury, and transferred to a furnace for sintering.

2.6 Sintering

Introduction

The welding togethar and growth of contact area between two cr more
initially distinct particles at temperatures below the melting point,
but sbove one-half of the meiting point in %K is kmown as sintering.
Since the sintering process is a surfacial phencmenon and the rate of
sintering is greater with smaller than with larger particles the

process 1s most important with powders, as in posder metaliurgy.
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Although sintering does occur in locse powders, it 1s greatly enhanced
by compacting the powder, and most cammercial sintering is dane on
compacts. Compacting is generally dme at room temperaturs, and the
resulting compact 1s subsequently sintered at elevated Lemperature
without application of pressure. For special applications, the powders
may be compacted at elevated temperaturss and therefore similtaneously
pressed and sintered. This is called hot pressing or sintering under

Pressurea.

The sintering process is the most important step in Powder Metallurgy
by which a strong bonding between pafticles im attained. The fcrce
responsible for sintering are the same as those which hold atoms
together in metallic lattices. Inside metals, equilibrium exiats
between forces of attraction and repulsion. On the surface of metal,
forces are not balanced; thereforse, if ancther atom of same substance
iz brought in cloge anough proximity, they will ke attached and can
become part of the perent lattice. For the bond to become stronger
{more general) requires inproved mating of the surfaces; this enhanced
by heat and/or pressure. Thus, in a powdered mass, same sintering or
cold-welding may be achieved during cold-pressing in a2 die and bonding
completed at elevated temperatures. Simultaneous application of
pressure and heat accelerate the whole process and is especially

advantageous with hard powders.
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Mechanism of Sintering

The driving force in sintering is surface energy, which is decreased
because of the total surface area decreases as sintering proceeds.
When twe spheres originally in tangential contact sinter, the area of
contact between the spheres increases and a neck is formsd. In
amcrphous materials such as glassses, the procees causing neck
farmation is viscous flow {as when bwo drops of water coalesce to form
ane}, This type of viscous flow is not possible in crystalline solids.
Here the most important meterial transport process is selfdiffusian.
Becaure the material in the neck surface has a highly canvex curvature
and the mumber of defects in its crystal structure {vac?nt lattice
gites) is considerably higher than on a flat or conrave eurface,these
defects move hy self-diffusion from the convex neck surface to the
adjacent Flat surface, which means the material moves I:i_n the opposite
direction, that is, the neck growth (Figure 3a). Instead of caming
from the adjacent flat surface, the material forming the neck may also
mova by self-diffusicn from the grain boundary between the two spheres
to the camwex neck eurface (Figure 3b). This latter type of movement
explains why compact shrinke, because in this case the centers of the
epheres approach each other during sintering. During grain growth the
grain boundaries, which are the scurce of the material which is
transported into the convex neck surface, that is, into the pores of

the compact, are swept out of the camnpact. [38]



Figure 3.

Hock 1o1 mation,

tal tuech growth movemant ot defects from the
neck surface to the adjacent flate surtace,

{bl Mavonent of hech-forming material from the
grairi boundary to the nack surface.
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The mechanism of liquid-phase sintering is more cc:-rnplic:ated. It
involves wviscous flow of the liquid phase, but also solutirm of the
so0lid phase in the liguid phase and its reprecipitatian in such a way
so as to make the compact more dense. As in solid-phase sintering, the
driving force in liquid-phase sintering is a decrease in surface

eneryy .

Sintering FPractice

The sintering of components requires a sintering furnace, close
comtrol and regulation of temperature, heating time, heating rate and

sintering atmosphere.

Sintering may be carried out in batches cr continuously in furnaces
similar to thowe used for comventional heat treatment. For laberatory
or experimental ‘work the batch-type furnace is most appropriate, but
for preducticn work contimuowue firnaces are often more suitable. In
nearly all casss a controlled atmosphers is necessary. Partly bormed
fuel gas, hydrogen, mixture of hydrogen and nitrogen, inert gases, ar
_even vacuum are used in commercial powder-metallurgy practice. The
atmosphere surrounding the work should be capable of preventing
cxidation of the powder surfaces amd should reduce any surface oxides

that are present.
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Tahle 3. The Temperabure amd Time of Sintering
of sare important powders.

Type of powder Teperature Time

Al and Al alloys 170°C to 500°C upto 24 hours
Cu and Cu alloys

Prass Bﬂﬂoé 30 minutes
Pronze 900°C 3% minutes

Iron alloys 1100%C 2 hours
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The sintering temperature and time vary with the compressive load, the
type of metal powders and the strength required in the finished part.
The terperatures and time of sintering of scme important powders are

ehewr, in Table 2 [39].

2.7 Finischino Dperatic:ns-

' pfter sintering, the article must be cooled slowly in a protective
atmosphere to reduce distortion which would be produced by rapid
cooling. Then the cooled article is finally processed in order to uee
it in the specific purposes. The finishing gperstions usually given to
the sintered articles are coining or repressing, surface treatment,
heat treatment, impregnation treatment, surface coating, machining,

and joining.

|
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3.1 Preparation of Cast Iron Powder

Gray cast iron machined swarf from the Bangladesh Machine Tools
Factary, Joydevpur, wae used for the present work. Initial size of the
swarf was about +30 mesh. In the beginning of the experiment Lo
identify the nature of cast iron, the microstructure as well ‘as the
chemical composition of the gtarting material were determined (Figure

4 and Table 4}. : : &

To generats iron powdere the mechanical process of producing metallic
powder was used. The mini-ball mill (Figure 5) of the Departmental

Laboratory was used for this purpose.

The milled powder was first separated into various sieve fractions.
During pulverization a lot of f-ree graphite was liberated. The
percentage of cast iron powder and free carbon (graphite) in different
sieve fractions were determined by washing away the free graphite. The
difference in specific gravity between the graphite flakez &and the
iron particles is great, which facilitates the extraction of caj_jbcm
from cast irom powder. A mechanical stirrer ie usad to agitates the
powder in the water and the free graphite floats up. Washing and
deranting were cantinued until the washed water remained clear after
which the powder was dried. The sieve analysis of the washed powder
wae made and the finer fractions of the sieve ( -100 mesh) was used

for further work.



Figurs 4. Optical micrograph of as-sampled gray cast irom ewarf
showiineg (A} fine graphite flakes in the matrix in the
wetchod candition, and (b)) f£fine graphite flakes,
ferrite and pearlite in the etched condition, x400.



Table 4. Chemical compositicn of the as-sampled cast iron swerf.

Chemical Compositicr, Wt.3%

3.050
2.260
0.450
0. 005
0.140
Ealance

FeOFRo




Figure 5. The Ball Mill
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T reduce the carbem content of the washed powder, the powder is
decarburized in an oxidizing atmosphere imndu:ed by the addition of
iron oxide (Fe,0,) powder in the temperature range of 800-1000%. The
amount of iron oxide needed to mix with lﬂﬂ.gm of washed powder was
calculated to be 25 gm as shown in the Appendix A. and then the mix
was placed in a heating furnace using a mild steel pan. To select the
appropriate temperature for decarburization, a btrial and error was
made Using temperatures betwesn 500-1000 °C, At temperatures lower
than 900°C the red iron oxide remained distinctly visible thus giving
the i1dea that the cast iron powder was not fully decarburized.
Decarburization at temperatures above 900°C still showed some rednese
but at the same time produced sintering between the powders and
adhering the powder with the pan. Sc for the next stage of the
experiment, the stesl pan was avolded and a porcelain crucible was'
used. Using the porcelain crucible deéarburization was agaln carried
out at temperaturas betwoeon 800-1000%C and after examining the
decarburized product the temperature 900°C was finally been
selected. A four hour holding time was used in all the decarburizing
experiments. The decarburizedlpnwder was milled again and then

subsequently sieved.

The chemical compositicon and the powder characteristics such as
apparent density, tap density and flow rate were evaluated, using
standard methods [40] at various stages of processing including those
after blending with 0.5 wt. percent nickel powder with the

decarburized powder.
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2.2 Compaction of

the Prepared Powder

Compaction in the metal die was performed in the present work as it is
cne of the most important and commercial methed for shaping metal
powders. The mild steel die {(Figure &) used by the Magnetic Materials
Division, Bangiadesh Atomic Energy Commission, Dhaka was used in this
project. Sincs the die was not heat treated, compaction could not be
made at a pressure higher than 25 MPa (Mega Pascal}. A single action
hydrauiic press of about 25000 KN capacity wes used for compacting the

powder {Figure 7).

The campacting behavior of the powders at different stages was studied
by pressing the powdsrs in the die with a cavity of 100 x 17 sq.mm.
under the presls+ The powder lubricant polyvinyl alcohol was premixed
into the decarburized cast iron powder, while the cast iron powder
containing free graphite was compacted without the addition of

lubricant since the graphite acts as a self-lubricating agent.

about 1-2 gm. of polyvinyl alcohol wasr dissolved in hot water and then
mired with powder in appropriate amount and stirring for long time.
For each compact an approximate B0 gme of blended powder was used.
Specimens having a dimension of ebout 100x17x15 cu.mm. were made by
varying the compacting pressure from 5 to 20 MPa. For the easy
withdrawal of the mmpaﬁ from the die, the die cavity was lubricated

with oil after esach ejecticn of the compact.
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Figqure 7. The Hydraulic Prass
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Since the particles had gane through repeated plastic deformaticon and
fracture resulting in work hardening, the compacting characteristics

of these particles such as green density were determined.

3.3 Sintering the Greern Compact

Compacts of the powders of different stages that have been pressed at
a pressurs between 5 to 20 MPa were sintered in a gintering furnace
for 4 to 10 hours at various temperatures in the range 600-1150°C, The
sintering furnace priliminary selected was a high vacuum furmace with
capacity of controlling the atmosphers. Few tests were made in this
furnace using hydrogen atmosphere to reduce the axide present in the
powder. But soon the furnace went out of corder and no further

experiments could be mede in this fumace.

Then the work was carried out in an electrically heated heat treabtmsnt
furnace with no provieion for atmosphere control (Figure &). To
prevent further oxidation the green product was well covered with

insulating material.

Tests for determining the properties like sintered density and
hardness, were made after the sintering treatment and the

macrostructures of the fractured surfaces were observed.

Figure 9 shows the products at the variocus stages of the processing to

the the cast ircon swarf to the final sintered product.



Figureo 8. The Sintering Furnace



Cast iron powder
{from ball mill}

Cast iron powder
{wanhon )

Cast iron powier
(decarburized)

Figure 9. Photograph of the products at various stages of processing
of cast iron swarf.
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4 .1 Characteristics

of the Cast Ironn Powder

The carbem content of the as-sampled cast iron swarf was 3.05% (Table
4} and the optical microscopy revealed fine graphite flakes, ferrits
and pearlite in the etched sample (Figure 4). Hence the swarf was

definitely of gray cast iraom.

Tables 4 and & show the chemical composition of the cast iron swarf at
varicus stages of processing. The carbon content of the caest iron
swarf was substantially reduced from a fair amount of 3.05% to Z.65%
in the milled powder after washirmg away the free graphite. The carbon
content was further reduced to 0.09% after decarburization by reducing
in an cxidizingratlmsphere produced by the additicn of ircm oxide
[F9203:|+ Thus the harmful effect of carbon in cast iron could be
reduced. The amount of silican and manganese were alec reduced due to
axidation. However, the amount of sulphur showed a marked increase in
the decarburized sanple. This might have cowme from the iron oxide

rowder which was used for decarburization.

Une of Lthe most important phyeical characteristics of the metal
powder, the mesh size distribution of as-ground powder and the
percentage of cast iron powder in each sieve fraction that is retained
after washing away the free graphite iz shown in Table 6. According to

this table the bulk portion of the powder charged is retained bestween



Table 5. Chemical composition of the ceast iron swarf at variocus

stages of the process.

. Chemical Composition, wt.%
Cact Iron Powder

Fa

After washing 2.65 2.35 0.48 0.006 0,16
After decarburized .09 1.49 0.19 0.023 0.16




Table 6. Sieve analysie af the as—groux] powder amd percentage of
cast iron powder retainad in each sieve fractiom.

Weight of Powder {(gm) Par cent

Hesh Cast Itom

Size powder

Before washing  After washing retained
+ 12 1.3 1.28 95.46
_ 1z + 30 1.2 1.86 a97.89
_ 30 + 40 14,7 14.55 95.98
_ 40 + &0 147.3 138.57 84,07
_ B0+ 70 124.2 115.36 92.88
_ 70 + 100 86.9 T76.78 83.35
_ 100 + 140 43.9 40.13 91.41
_ 140 + 200 22.5 17.55 78.00
_ 200 + 270 12.5 7.00 56.00
_ 270 (Pan} 44 .8 8.50 18.97
500.0 421.58 84.32

L
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-40 to +100 mesh zieve and the finer (-270 mesh) fractiom consists of
enly a little amount of cast irom powder. So it is apparent that the
efficiency of the milling operaticn is not vary satisfactory to
produce finer grade of cast iron powders for Powder Metallurgy
prposes. The work of P. Ramekrishnan and others [10] alsoc support

this firding.

The percentage of cast i1ron powder retained in each sieve fraction is
decreased and, altermately, the free graphite roamoved is increased

with increasing mesh size. This is shown in Fiqure 10.

Inring decarburizatiom the particles cocagulated, so they were further
pulverired. It produced much finer particles and the efficiency of
milling was considerably increased. This indicates that at the end of
the decarburization process the particles acquire much more

brittleness and swrface irreqularity due to oxidation.

For the rest of the work, powders having a fineness between -100 to
+270 mesh were used. rThus, though the fineness of the particles was
not good enough as -325 mesh 15 regquired for Powdar Metallurgy
application it gave z particle size distribution which would produce

lesger porocity and greater density in the ultimate compact.

The shape of the particles which was shown in Figure 11 had round and
smooth surfaces. Hence the mechanical interlocking amcng the particles
during compacticn became much more difficult as compared to the
particles having irregular surfaces with several sharp protrudes

resulting in easier mechanical interlocking.

K



Figure 11. Fhotomacrograph of the cast irom swarf showing round shape
of the particles, X100.



(a)
As-pampled

(b}
hfter
decarhurization

Figure 12. FPhotomacrograph of the cast iron swarf showing the
reduction of particle size after decarburization, x100.
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The fineness of the particle was considerably increased after
decarburization (FIgure 12). The particles acguired much more
brittleness during decarburization and a further milling crushed them

to finer powders. B

The apparent and i;ap densities of the powder at varicus
stages of processing have been shown in Figure 13  and Figure 14
respectively. It has been shown that the apparent and tap densities of
the particles were considerably increased after washing and
decarburization because of the reduction of free graphite and the
uniformity of size distribution. Thus it gave a positive attitwde

towmards recycling the cast iron swarf by powder metallurgy technigque.

The flow-rate of the powder which measures the flowability of the
metal powder under gravity has been shown in Figure 15. It is apparent
from the figure that the flow-rate of the powder decreased slightly
after washing and then i;lcreasad after decarburizaticon. This waz due
to the fact that during washing the free graphite was decrsased and
thus the friction between the particles was increased, Since after
decarburization the powder was further pulverized and became .much
finer and the powder having a particle size betweeon -100 to +270 mesh
was wsed, the size distribution of the particles and hence the £low-

rate of the decarburized particle were increased.
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Figure 13. The apparent density of the powder
at wvarious stages of processing.
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4 .2 Decarburi=ation

‘of the Washedd Powder:

The overall carbon percentage of the around powier after washing was
about Z2.65% per cent. Singe decarburization produces a remarkable
increase in tensile strength and reduction in shrinkage [5,6], the
washed cast iron powder was decarburized. Decarburizatiom of these
powder could either be done in a hydrogen atmosphere in the
temperature range 900-950°C or in an oxidizing atmosphere produced by
the addition of jrun oxide in the temperature range 950-1000°C. Since
the latter process is much more efficient and could kring down the
carbon level to arcund ©.30 wt, per cent in eight hour [10], reducticn
of carbon by iron oxide p:u:.lier was selected., It was fourdd that the
carbon lsvel in the sample was reduced to only 0.09 per cent which
falls in the range of low carbon stesl. It gives a good opportunity
to compare Lthe properties of Powder Metallurgy product with those

of steels.

To select the correct temperature for decerburization, a humber of
eXperiments was performed in the temperature range 800-1000°C. It was
found that the powder decarburized below 900°C contained the red irom
powder (Fe,0;) which indicated incomplete decarburization, On the
other hand, the powder decarburized at temperatures sbave 900°C showed
the sintering of the powder. Henceforth, the temperature 900°C was

selected for deacrburization. The use of steel pan to heold the
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powler, after few eXperiments, was omitted and a porcelain crucible
was selected because of the fusing tendency of the powder with the
pan. The decarburizing time was held constant (4 hours) in all

EXperiments.

4 .32 Compaction Characteristics

of the Powdelrs

The compacting characteristicg of the powders at different stages of
the process are shown in Figure 16. By analyzing the results a major
affect was found to be of compacting preassure on the green density in
all cases. An increasing pre=sure increases the green density. The
decrease in compactibility after washing was most likely due to the
ramcval of free graphite which might otherwise have been acting as a
lubricant. The improved compactibility of the decarburized powder
tould be the combined result of the lower carbon level and their
tavorable morphological characteristics such as improved fineness,
better grain size distribution, etc, Thers was 2 slight decrease in
gompactibility after the addition of nickel which may be due to the
work-hardening effect caused by the ball-wmilling used for ths

blending.

»
et P PG
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Figure 16 The greén density of the compacts mode of different PO JErs

with pressure‘ct various stages of the process.
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4.4 Sintering Behaviowur

of the Powder

gintering 1s the ultimate and decisive stage of all Powder Metallurgy
processes. However, as stated earlier, zintering wes performed in an
ordinary heat treatment fumace due to the failure of vacuum furnace
and the resultant product of all sintering experiments did not show
proper banding between the particles. Since the banding between the
particles during sintering depends on the temperature and time of
sintering, both time and temperature were varied between wider limits
in order to produce a sound product. But satisfactory result could not

be obtained.

Mter examining all the macrostructures of the fractured surface of
the samples, 1t was cansidered that the insufficient bonding created
by the cold-welding during compacticn was the prime reason of this
failure. To identify the scurce, one sintered sample was ground to
fine povder and an X-Ray diffraction pattemm was taken (Figure 17}.
It showed no traces of 1ron powder in the sample; all of the particles
of the powder ar at least the surface of all particles were oxidized
te form iron axide {M—Fazo3]. Anather x-ray pattern recorded from the

decarburized poxder showed the same result.

So it was confirmed that the oxidation of the particles during
decarburization was the prime reason for getting a product with
insufficient bonding. Oxidaticon was caused as a result of using a

furnace without atmospheric contrel. The hrittle nature the oxide
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particle or the oxide layer surrcunding the particles prevented sourd
bonding.

The cther reascns behind the failure might be insufficient fineness of
the powder and low pressure of compaction. The better the particle
fineness with better size distribution and the higher pressure of
canpacticm, the better iz the bonding between the particles during
compacting and sintering. HMajority Cif metal powders employed in powder
metallurgy industry vary in size fram only 4 to 44 ndcrons {i.e., -325
mesh). However, the ball mill and the sieving machine uged for
milling the cast irom swarf limits particle aize to only 50 to 150
microns {(i.e., -100 to +270 mesh}. On the other hand, the usual
preesure to campact the metallic powder should fall in the ranges 800-
1500 MPa 1a.nd compaction at pressures higher than usual offers
considerably lese difficulties to obt.:ain ferrcus PM materials with
highdensity and high-strength [41]. But a meximm pressure of only 20
MPa could be used. This was dus to the limited capacity of the press

arl the non-heat treated mild steel die. .

S0 due to the failure of opftaimming a scocund slintered product, the
sintering characteristics of the powder, like hardness and tensile
strength could not be studied. However, it could ke seen that the
sintered density of the sample did increase with the increasinlg
pressure and tamperature (Figures 18 and 19)., The emoothness of the
fractured surface was sesn to be improved with increasing pressure and
temperature {(Figure 20). This showed a positive inclination towards

the the degirable properties.
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fa)
T=900°C

{b)
T=1000%

fc)
T=1150%¢

Figure 20. The photomacrographs showing the smoothness of the
fractured surfaces of the zintered sample at varicus
sintering temperatures.
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4.5 Suggestions for Future Worlk

As this was a pimeering work about Powder Metallurgy, a mumber of
prablems crept up and a sound sintered product could not be produced .
Even then it showed a great promise to recycle the cast iron swarf

through powder metallurgy technique.

The problems faced during this work'could be solved by using suitable
equipments. Decarburization of the cast iron posder could bhe done by
reduction either by hydrogen or by iron oﬁda. But if ircn oxide is
used, the campact must be sintered in a reducing atmosphere in crder
to decxidize the iron oxide produced during decarburization and to
prevent further oxidation during sintering. So irrespective of the
processes used, a heating furmace with controlled atmosphere is a

must .

High pressures are necessary to produce metallic compact by powder
metallurgy techniqus and therefore, a press having the capacity of
giving pressure of about S00-1500 MPa should be used. The die used
mist be made of proper die material (for exampls, cemented carbides,
hardened high speed steel, etc.) in order toc withstand the high

pressures and the stresses imposed during pressing.

The particle size of the pulverized powder should be much finer and
optimm grain size distribution must bs cbtained by proper blending of

a rumber of various mesh fractions produced during sieving.




Chapter Five

CONCLUSTONS
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5.1 Conclusions

1. The cast iron machining swarf can easily be
pulverized in a ball mill. But it produces less finer particles needed
for powder metallurgy applicaticns and the rate of production of

fines, that is the efficiency of milling, is not satisfactory.

2. Separation of graphite from the cast iron powder
was easlly and economically achieved by washing with a mechanical
stirrer and by utilizing the difference of specific gravity between

graphite flakes and iron powder particles.

3, The carbon level can be reduced cansiderably to a
level of about (.09 per cent by the reduction in an cxidizing
abtmosphere produced by the addition of iron oxide. The silicon and

manganese were also reduced during decarburization.

4. The apparent and tap densities of the particles waere
increased aftsr washing and decarburization. The flow-rate of fhe
powder was decreased slightly after washing and then increased after

decarburizaticn.

5. The green dencities of the cast iron powder were
decreased with pressure. The decarburized powder showed a better

compactibility than those of as-sampled and washed powders.
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6. The sintered densities of the powder were also

increased With pressure amd femperabure.

7. A better fineness of the graing with increasing

compacting pressure and sintering temperature was observed.

£. Decarburizing the cast iron powder by irom axide must
he followed by sintering in a reducing atmosphere. Otherwise the
sintered product will not show fufficient bonding between the

particles due to the presence of iron oxide.

9. & slight decrease in compactibility after the

addition of nickel powder was found.

Though proper bonding dQid not occur in the sintered sample, other
results showed a positive response towards the recycling of cast iron

swarf through powder metallhurgy technique.
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Calculatiocon of Iromn Oxide

To reduce the carbon content in an cxidizing atmosphere, pure ircn
oxide (Fe,05) powder was used. The amount of iron oxide needed to mix

with 100 gms.of washed cast iron pader weas caloculated as followe

The carbon presents in the wekhed cast iron powder would
reart with ircn oxide to form carbon dioxide {Cﬂz} since the

atmosphers was oxidizing. Hence the chemicel rsaction would ke

3 C + 2 Fe 203 = 4 Fa + 3 00 )

12 2x160
Hence 36 gms of carban = 320 gms of iron cxide.

The washed cast iron powder comtained 2.65wt: of carben. So
for complete decarburizaticn, 2.65 gms of carbon would

reguire 2.65x{320/36) i.e. 23.56 oms of iron oxide.

During decarburization silicon, manganese, and some iron

along with carbeon would also cxidize.

S for efficient remewval of carben 35 ans of pure irmm oxide was mixed

with 100 gms of washed cast iron powdar.
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