














Fig4. Oxidation profiles (600 &%C) of the cokes obtained
from the coal-tar pitch and petroleum pitch. (Ref-2)

Fig5. SEM images of the (a and b) carbon black and
(c and d) graphite. (Ref-2)

Fig6. Optical microscopy images of the cokes obtained from
the (a) coal-tar pitch and (b) petroleum pitch. (Ref-2)
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The reason for the difference in behavior is related to
the microcrystalline order of the samples.

Carbon black is an amorphous material. It is made
up of small spheres <1pumwhich tend to agglomerate
to form aggregates of about 20-50um. Due to the
presence of both discrete particles and aggregates
and also due to the diffusion of oxygen observed in
this type of material we get two peaks in DTG. On
the other hand graphite has a well-ordered structure
which explains its behavior. The coke from coal tar
and petroleum pitch are optically anisotropic. The
difference in behavior arises (Coal tar pitch and
Petroleum pitch) from the fact that the former (Coal
tar pitch) consists mainly of anisotropic microstructures
of smaller size due to the presence of primary
Quinoline Insoluble (QI) particles. These particles
originate during formation of tar from which the coal
tar was formed. These are thermally stable and
become a part of the coke. During pitch carbonization
they tend to surround the mesophase spheres, making
it difficult for the mesophase to coalesce and the
spheres to grow. This is why coke from coal tar is of
anisotropic microstructures of small size. On the
contrary petroleum pitch coke has no QI particles.
So the mesophase growth is not restricted. Now
microstructures of small size, i.e mosaic type are more
easily consumed than microstructures of a large size,
i.e domain type.

Moreover QI particles are the first coke materials to
be consumed on oxidation. Due to these reasons the
oxidation resistance of coal tar pitch coke is lower
than that of petroleum pitch coke.

It was also found that the oxidation behaviours of the
two pitch cokes are markedly different in the
temperature range 600-700°C. Therefore in order to
establish the difference in oxidation behaviour of
MgO-C materials experiments must be carried out in
this range.

3.2 The reactivity of the MgO-C materials in air

The MgO-C materials were prepared following the
different stages viz. blending, moulding and thermal
treatments at temperatures of 300°C followed by one
at 1000°C. Samples with similar properties (density;,
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porosity, mechanical properties, etc.) were selected
to minimize the textural effects (e.g porosity). After
necessary pre-oxidation characterization the samples
to be used for oxidation studies were heated at 2.5°C/
min upto 600°C for periods of 120, 240 and 360
mins. Air flow rate was 333ml/min. The representative
photographs of the external appearance of the samples
were taken with camera.

——
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Fig7. Images of the magnesia—carbon materials obtained
from the coal-tar pitch (a and b) before oxidation and
(c and d) after oxidation at 600 &%C for 6 h. (Ref-2)

The macroscopic visual appearance leads to the
following differences. Before loss of carbon (i.e
oxidation) the material had a black colour, acompact
and dense appearance which highlights the good
distribution and cohesion of particles
(homogeneous cross section with no apparent effects
of disintegration). After carbon loss the materials lose
their blackness and acquire a grayish appearance. The
material also have a brittle appearance.
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Fig8. Oxidation profiles (600&e%C) for the magnesia—carbon
materials bound with coal-tar pitch and petroleum
pitch.(Ref-2)
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Low percentage of binder (5 wt %) is used in this
type of materials. So it is difficult to appreciate
differences in weight loss except over large periods
of residence time. After 120 and 240 mins of oxidation
(residence time) the weight loss suffered by both the
samples were 17% and 21% respectively. It is only
above these residence times that the oxidation profiles
begin to diverge[2].

4. OXIDATION KINETICS

As already mentioned, the major limitation of MgO-
C refractories is the susceptibility of graphite to
oxidation which leads to the degradation of brick
properties inservice. The oxidation of carbon is of
two types; direct oxidation (gas phase oxidation)
which refers to the consumption of carbon by gaseous
oxygen, and indirect( solid phase oxidation ) which
involves the reaction of carbon with solid oxygen in
MgO. The first one is dominant for temperatures
below 1400°C and is mostly used for comparison of
oxidation resistance of refractories. A study was
conducted regarding the kinetics/ rate of oxidation/
disappearance of graphite (1000 to 1200°C) by
gaseous oxygen of air, i.e direct oxidation. A
mathematical model was used to explain the extent of
oxidation with time. The factors affecting the rate of
direct oxidation were partial pressure of O,
accessibility of O, to the graphite flake edges, open
porosity, shape and orientation of the products, flow
characteristics of the gaseous species around the
products, reactivity of the flakes[4]. The entire process
of oxidation was divided into five steps each of which
was assumed to occur at the same rate. From
equations of mass transfer related to these a relation
was obtained involving the radius of the unoxidised
area, oxidation time, physical and kinematic
parameters.
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Fig9. Variation of oxidation time with radius of

unoxidized area.(Ref-4)

5.REDUCTION OFTOTALCARBON CONTENT:
ROLE OF NANO CARBON

To take care of the limitations of carbon in MgO-C
refractories and to prduce more eco-friendly
refractories an attempt was made to reduce the total
carbon content to less than half of the amount present
in conventional refractories by introducing nano
carbon, without sacrificing on the beneficial effects of
carbon. Different percentages of nano carbon are
used in combination with graphite as carbon source.
The compositions were processed as per the
conventional manufacturing techniques and the
properties were evaluated and compared against the
conventional refractory prepared under exactly similar
conditions. Also elemental mapping of carbon was
done to study the distribution of the nano carbonin
the matrix.(Ref-3)

Batch composition

Raw materials/batch 1 2 3 4 5 6 7
MgO (0-6 mm) 9% 95.7 954 9.1 94.8 94.5 89
Flake graphite 3 3 3 3 3 3 10
Nano carbon 0 0.3 0.6 09 12 15 0
Al metal powder 05 05 05 05 05 05 05
B,C powder 05 05 05 05 05 05 05
Liquid resin 2.75 2.75 2.75 2.75 2.75 2.75 2.75
Pitch powder 1 1 1 1 1 1 1

In terms of the ascertained properties batch 4 was found to have the optimum properties. Therefore its
properties were compared with those of the conventional batch 7 (without any nano carbon addition).Property

comparison of batch 4 and conventional MgO-C refractory (batch 7)
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Property Batch Batch 4 Batch 7
Apparent porosity (%) 4.3 3.8
Bulk density (g/cm3) 3.12 3.05
Cold crushing strength (MPa)| 51 375
HMOR (MPa) 4.5 3.9
Oxidation loss (%) 21.82 36.95
Slag penetration depth (mm) | 2.01 1.98
Thermal shock resistance 12 12
(cycle)

Addition of nano carbon has resulted more evenly
disperse of the matrix phase, thereby filling in a better
way among the tiny spaces between coarse, medium
and fine particles of starting materials and filling of
interior pores and gaps. This reduces porosity,
increases densification, strength, corrosion resistance,
etc. Again nano carbon also absorbs and relieves the
stress due to thermal expansion and shrinkage of the
refractory particles, thereby reduces the detrimental
effect of thermal stress in the interior portion of
refractories and improves thermal shock resistance.
Thus MgO-C (with nano carbon) refractory with
much reduced carbon content but superior properties
compared to conventional MgO-C refractories is
obtained [3].

CONCLUSION

In this paper the various important aspects of magnesia
carbon refractories were highlighted. From the study
on the effect of various antioxidants it was found that
B,C was the most effective followed by Al, Siand
SiC respectively. The oxidation resistance improved
at higher temperatures for each of these cases due to
the formation of greater amount of secondary phases
which were responsible for the prevention of oxygen
ingress. The various sources of carbon in the above
refractory material were compared in terms of their
oxidation resistance. Graphite was found to be the
least reactive followed by petroleum pitch, coal tar
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pitch and carbon black respectively. In the light of
this result petroleum pitch has been suggested as an
alternative binder material instead of coal tar pitch as
the former is less prone to oxidation. The susceptibility
of graphite to oxidation leading to deterioration of
brick properties in service has been addressed as one
major problem in these materials. The prospects of
incorporation of nano carbon into the material in an
attempt to reduce the total carbon content was seems
to be feasible. The various properties of a sample
containing an optimum amount of nano carbon and
an amount of total carbon less than half of what is
present in conventional refractories were found to be
either better or same as that of the conventional MgO-
C refractories.

REFERENCES

[1] A.S. Gokce, C. Gurcan, S. Ozgen, S. Aydin,
The effect of antioxidants on the oxidation behaviour
of magnesia—carbon refractory bricks, Ceramics
International. 34 (2008) 323-330.

[2] V.G. Rocha, R. Menéndez, R. Santamaria, C.
Blanco, M. Granda, Oxidation behaviour of
magnesia—carbon materials prepared with petroleum
pitch as binder Journal of Analytical and Applied
Pyrolysis. 88 (2010) 207-212.

[3] Mousom Bag , Sukumar Adak , Ritwik Sarkar,
Study on low carbon containing MgO-C refractory:
Use of nano carbon, Ceramics International. 38 (2012)
2339-2346.

[4] Mohammad-Ali Faghihi-Sani, Akira Yamaguchi,
Oxidation kinetics of MgO-C refractory bricks,
Ceramics International. 28 (2002) 835-839.

[5] S. Zhang, N.J. Marriott, W.E. Lee,
Thermochemistry and microstructures of MgO-C
refractories containing various antioxidants, J. Eur.
Ceram. Soc. 21 (2001) 1037-1047.

14



[6] S. Uchida, K. Niihara, K. Ichikawa, High-
temperature properties of unburned MgO—C bricks
containing Al and Si powders, J. Am. Ceram. Soc.
81 (1998) 2910-2916.

[7] S. Zhang, W.E. Lee, Influence of additives on
corrosion resistance and corroded microstructures of
MgO-C refractories, J. Eur. Ceram. Soc. 21 (2001)
2393-2404.

[8] T. Wang, A. Yamaguchi, Oxidation protection of
MgO-C refractories by means of Al8B4C7, J. Am.
Ceram. Soc. 84 (2001) 577-582.

[9] N.K. Ghosh, K.P. Jagannathan, D.N. Ghosh,
Oxidation of magnesia—carbon refractories with
addition of aluminiumand silicon inair, Interceram 50
(2001) 196-202.

[IC Bulletin Vol.22, No. 1, 2013

15



Technical Section — Paper — 2
A Brief Description of the Processing of Ceramics

PROF. SAIKAT MAITRA
Acting Principal
Govt. College of Engineering & Ceramic technology
Kolkata -- 700 010
E-mail : maitrasaikat@gmail.com / maitrasaikat@rediffmail.com

Introduction

Ceramics basically are compounds of metallic and non-metallic elements,characterized by properties like,
high temperature stability, high hardness, brittleness, high mechanical strength, low elongation under application
of stress, low thermal and electrical conductivities etc.Classification of ceramics can be done in different ways
due to their divergence in composition, properties and applications. Application wise ceramics are classified
in categories, like, glasses, clay products, refractories, abrasives, cements and advanced ceramics for special
applications. Based on their composition, ceramics are classified as, oxides, carbides, nitrides, sulphides,
fluorides, etc. From the point of engineering applications, ceramics are classified basically into two groups;
traditional and engineering ceramics. Traditional ceramics are mostly made up of clay, silica and feldspar.
Engineering ceramics are consisted of highly purified aluminium oxide (Al,O,) silicon carbide (SiC) and silicon
nitiride (Si,N,). All types of ceramics as mentioned above are processed by following certain techniques. At

this paper these different techniques for the processing of ceramics have been discussed in brief.

Traditional Processing of Ceramics:

The most important property of ceramics is its high
temperature stability which makes the conventional
fabrication routes unsuitable for ceramic processing.
Ceramic powder processing route includes synthesis
of powder, followed by fabrication of green product.
The green product is consolidated to develop the final
product.

These forming techniques are well known for
developing engineering components with dimensional
stability, surface quality, near theoretical density and
microstructural uniformity. As the usages and diversity
of specialty forms of ceramics are increasing, the
diversity of process technologies are also increasing.
Synthesis of precursor powder for making traditional
ceramics involves crushing, grinding, separating
impurities and blending of different powders
depending on the compositional requirement.Size
reduction by crushing and grinding is also known as
milling or comminution. Milling of the raw materials is
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followed by batching of the milled materials in definite
proportions. Batching is followed by mixing to ensure
homogeneity and mixing is followed by forming to give
shape to the mass. The shaped mass is subjected to
drying which is followed by firing and the fired mass
is assembled. Let us discuss these stages one after
another.
Milling involves breaking up of cemented material
where the individual particles retain their shape. It is
also associated with pulverization where the particles
are ground themselves to a smaller size. In general
milling is done by mechanical means mostly. The
different forces in milling includes (a) attritionor
particle-to-particle collision resulting in agglomerate
break up or particle shearing (b) compression where
forces are applied for fracturing, and (c)impactwhere
a milling medium is used or the particles themselves
are used to cause fracturing.. Mills for primary size
reduction or crushing include the jaw crusher, roller
crusher and cone crusher. Mills for secondary size
reduction or grinding are generally based on the impact
16



action and most popular in this category is the ball mil
or tube mill. In ball mill the materials are fractured by
tumbling action with impact from metallic or ceramic
balls.Shaft impactors cause particle-to particle attrition
and compression. Attrition milling equipment includes
the wet scrubber. These are also known as planetary
mill or wet attrition mill. It contains paddles in water
to create vortexes in which the material collides and
break up

Powders for advanced ceramic materials are
synthesized by chemical routes like, co-precipitation,
sol-gel and by spray drying technique. Co-
precipitation is a relatively cheaper and easier process
for the generation of powders with unique powder
properties obtained like, small size and homogeneity.
It consists of preparing solution containing metal
ionsthatcontrol chemical reaction by monitoring pH.
Insol-gel process stable sol of precursor metal ions
are formed which is then converted to gel under
controlled condition. Very small sized particle with
narrow size distribution of can be prepared by sol-
gel process. Here a stable sol of the precursor is made
first either from inorganic or organic salts under
controlled condition and the sol is destabilized to form
the gel. But it is relatively slow and expensive process.
Spray pyrolysis process is ideal for production of
ceramic powder with precise quality standards like,
particle size distribution, residual moisture content,
bulk density and particle morphology. Here a salt
solution or slurry of the precursor materials is sprayed
in a stream of hot gas for the generation of granules.
In batching the starting materials are weighed
according to recipes, and they are made ready for
mixing and drying.Mixing is performed with various
machines like, muller mixers and pug mills. et mixing
generally also involves the same equipment.
Forming is making the mixed material into shapes,
ranging from sanitary ware to spark plug insulators.
Forming can involve: (1) Uniaxial pressing which is
suitable for mass production of simple ceramics parts.
It is also referred to as Die Pressing. Powder is
pressed in closed dies to form the green compact.
The processes involve: filling of the die followed by
compaction of powder and finally ejection of the
ceramic part. (2) Extrusion, such as wire cut brick
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block making. Compression of clay through a die
orifice to produce long sections of uniform cross
section, which are then cut to required piece length
(3) Slip casting for making sanitary wares, statues
etc.Inslip casting, water is removed from the powder
suspension by the water suction of the plaster mould
and a consolidated layer consisting of packed particles
builds up. When a desirable thickness has been
reached the excess slip is removed (drain casting), or
the casting proceeds until the casting fronts approach
each other anda solid body has been obtained (solid
casting).

Forming produces a workable “green” part, ready
for drying. Dryingis associated with the removal of
water or binder from the formed material. Spray drying
is widely used to prepare powder for pressing
operations. Other dryers for drying pressed/extruded
or slip cast products are tunnel dryers and periodic
dryers. Controlled heat is applied to remove the water.
This step needs careful control, as rapid heating causes
development of cracks and surface defects. As water
is removed from the wet mass, inter-particle spacing
is also decreased causing shrinkage in the mast. The
dried part is smaller than the green part and requires
careful handling, since a small impact will cause
crumbling and breaking.

Firing of the dried parts pass through a controlled
heating process is carried out to develop strength in
the product. The oxides are chemically changed to
cause sintering and bonding. The fired part will be
smaller than the dried part.
Advanced Forming methods

Such methods are required for producing advanced,
high-temperature structural parts such as heat engine
components and turbines. Materials other than
ceramics which are used in these processes may
include: wood, metal, water, plaster and epoxy—most
of which will be eliminated upon firing.
Advanced ceramic forming techniques generally
include tape casting, injection molding, dry pressing,
isostatic pressing, hot isostatic pressing (HIP) and
others. Intape casting, thin sheets of green ceramic
are cast as flexible tape which is used for integrated
circuits and capacitors. Aslip of suspended ceramic
particles inorganic liquid

17



(containing binders, plasticizers) is used for the casting
purpose. In injection molding Ceramic particles are
mixed with a thermoplastic polymer, then heated and
injected into a mold cavity. The polymer acts as a
carrier and provides flow characteristics for molding.
Upon cooling which hardens the polymer, the mold is
opened and the part is removed. Iso-static pressing
uses hydrostatic pressure to compact the ceramic
powders fromall directions. It avoids the problem of
non-uniform density in the final product that is often
observed in conventional uniaxial pressing. Hot
isostatic pressing is similar to dry pressing except it is
carried out at elevated temperatures so sintering of
the product is accomplished simultaneously with
pressing. This eliminates the need for a separate firing
step. Higher densities and finer grain size are obtained
by hot pressing, but die life is reduced by the hot
abrasive particles against the die surfaces

The reinforcing fibers and filaments in ceramic
composites are mainly made by sol-gel or CVD
processes besides common melting and drawing
process. Tape casting is mostly done for electronic
substrates and packages of layered structure.
Photolithography is another technique for precise
patterning of conductors and other components in
electronic packaging. Tape casting is also of increasing
interest for other applications like fuel cells, ceramic
composites etc.

The other major layer structure for advance application
IS coating, where melt spraying is very important. But
chemical and physical vapor deposition and chemical
(e.g., sol-geland polymer pyrolysis) coating methods
are also increasing. Using advanced forming methods
open structures such as honeycomb catalyst supports
from formed tape and extruded structuresare done.
Using advanced forming methods, highly porous
structures, including various foams, like, reticulated
foam, are also of increasing use.

Densification of consolidated powder bodies is
achieved predominantly by pressure-less sintering.
However, for non-oxides and parts of simple shapes
where microstructural homogeneity is needed the use
of pressure sintering by hot pressing is increasing.

The sintering process
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Firing of ceramic articles is done at a temperature
below its melting point. The gren body;, after drying is
subjected to firing in a furnace at elevated temperature
where atomic and molecular diffusion processes give
rise to significant changes in the primary
microstructural features. It includes (always)
strengthening of the micro-structure by neck growth
and/ or particle gluing by a glass phase, densification
by elimination of porosity accompanied by shrinkage
and coarsening of the microstructure by grain growth
and possibly pore growth.Thus, as the sintering
progresses the pores in the object close up, resulting
in a denser product of significant thermo-mechanical
properties.

Another major change in the body during the firing or
sintering process takes place in the form of the
development of polycrystalline nature of the solid. This
change introduces a definite pattern of grain size
distribution, which exhibits a significant impact on the
ultimate physical properties of the material. The grain
sizes remains associated with either the initial particle
size, or possibly the sizes of aggregates or particle
clusters develops during the initial stages of processing.
Solid state sintering takes place below the melting point
of ceramics and it is a diffusion controlled process.
Material transport in solid state sintering depends
inversely on particle diameter and temperature and
excessive diffusion causes rapid grain growth with
pore entrapment.

In liquid phase sintering presence of liquid phase
causes enhanced sintering resulting more uniform
densification. The role of liquid isto introduce capillary
pressure to assist particle rearrangement for efficient
packing.

The ultimate microstructure(and thus the physical
properties) of the final product will be limited by and
subject to the form of the structural template or
precursor which is created in the initial stages of
chemical synthesis and physical forming. Hence the
importance of chemical powder and polymer
processing as it pertains to the synthesis of industrial
ceramics, glasses and glass-ceramics.

There are numerous possible refinements of the
sintering process. Some of the most common involve
pressing the green body to give the densification a
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head start and reduce the sintering time needed.
Sometimes organic binders such as polyvinyl alcohol
are added to hold the green body together; these burn
out during the firing (at 200-350 °C). Sometimes
organic lubricants are added during pressing to
increase densification. It is common to combine these,
and add binders and lubricants to a powder, then press.
(The formulation of these organic chemical additives
isan art in itself. This is particularly important in the
manufacture of high performance ceramics such as
those used by the billions for electronics, in capacitors,
inductors, sensors, etc.)

Parts made of new ceramics sometimes require
finishing for 1) increased dimensional accuracy 2)
improved surface finish and 3) making minor changes
in part geometry. Finishing usually involves abrasive
processes and diamond abrasives are used to cut the
hardened ceramic materials

Summary:

Ceramic products for traditional applications are
fabricated following certain processes, like crushing
of the raw materials, grinding of the crushed products
to fine powders, compaction of the powders, drying
of the compacted powders, sintering ofthe dried mass
and post treatment of the sintered mass using different
machineries. Ceramic products for advanced
applications are synthesized by different chemical
routes like co-precipitaion, sol-gel, spray pyrolysis
etc. All these techniques have been discussed in brief
in this paper.
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ssIntroduction:

Composite materials can be classified into three
groups according to the size of the form of the
reinforcement use init. Reinforcement are classified
into three groups,

1. Particles : Aspect ratio is less than 1

2. Fibrous: Aspect ratio is greater than 10

3. Plate: reinforcement has length, width.
According to this classification, there are three kinds
of composite materials,

a) Particulate composite: Reinforcementsare in
particle form ( diameter 10 t0100 nm).

b) Fibrous composite: Reinforcements are in
fibrous form (epoxy-glass fiber composite).

¢) Laminated composite: Reinforcements are in
plate form (ply wood).

A special group of dispersion strengthened materials

containing particles 10nmto 250 nm in diameter called

as particulate composite. Particulate composites are

much less efficient in the way the filler contributes to
the strength. There is a small gain in stiffness, and
sometimes in strength and toughness, but it is far less
than ina fibrous composite. Their attraction lies more
in their low cost and in the good wear resistance that
hard filler can give. Road surfaces are a good example:
they are either macadam (a particulate composite of
gravel in bitumen, a polymer) or concrete.
+ Criteria for a good particulate composite:
» During processing of composite, the
reinforcement should retain its shape and the
type (structure, nature).
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» The reinforcement should not react with matrix
and the matrix should not react with
reinforcement.

» The interphases (phases between matrix and
reinforcement) should be chemically and
physically compatible with the phases present
in matrix components. These interphases are
also gradually changes in composition and in
nature as going to close to reinforcement from
matrix. Consequently the properties are also
changing in this grading. Both interphase and
interface of constituents are responsible for
reinforcement matrix bonding (RIM).

» Reinforcement sizes are responsible for the
creep resistance of the composite from
micro level to nano level.

» The properties of reinforcement should be
better than matrix.

» There must be appropriate temperature
stability so as to suit processing temperature.

» There should no thermal and chemical
reactivity between reinforcement and matrix.

» There should not very strong bonding
between matrix and reinforcement ,
otherwise it becomes brittle.

% Rule of mixture:

Certain properties of a particulate composite depend
only on the relative amounts and properties of the
individual constituents. The rule of mixtures can
accurately predict these properties. The density of a
particulate composite, for example,

Pc=2fipi=fip1 + fap2 + f3ps + ... + fuPn
Where p, is the density of the compositep; , o2, ...,
o, are the densities of each constituent in the
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composite, and f1,f5, ...., f are the volume fractions

of each constituent. From rule of mixture we can
predict the upper bound limit and the lower bound
limit of elastic modulus of particulate composite.

Ec(W=EpVn+EpVp ... for upper boundary

Ec ()=Epm.Epl(Ep.VintEpm.)...... for lower boundary

In these above equation E & V denote elastic modulus
and volume fraction respectively, whereas the
subscript ¢, m, p represents composite , matrix and
particulate phases.®®@

s Dispersion —strengthened composites:

It is not as pronounced as with precipitation
hardening; however the strengthening is retained at
elevated temperatures and for extended time periods
because the dispersed particles are chosen to be
unreactive with the matrix phase. In aluminum-

I. Compo-casting:

Forre

aluminum oxide system, a very thin oxide and adherent

alumina coating is caused to from on the surface of

extremely small flakes of aluminum, which are

dispersed within an aluminum metal matrix; this

material is termed sintered aluminum powder. @

% Methods of fabrication of particulate
composite:

Fabrication method of composite material depends

on the types of both matrix and reinforces materials.

Particulate composites are made by blending silica

flour, glass beads, even sand into a polymer during

processing

Here mainly two methods are discussed in brief.

I. Powder metallurgical process:

This method is used to fabricate mainly electrical
composite material (e.g. silver tungsten composite
material).

lof {1}

Figure

{c) [}

The steps in praducing a silver-tungsten electrical compaosite: (o] Tungsten powders are pressed,
() a low-density compact is produced, [d sintering joins the tunasten powders, and (o] liquid silver

is infiltrated inte the pures betwean the particles
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An unusual technique for producing particulate
reinforced castings is based on the thixotropic
behaviour of partly liquid partly solid melts. A liquid
alloy allowed to cool until about 40% solid have
formed; during solidification , the solid-liquid mixture
is vigorously stirred to break up the dendritic
structure, A particulate material is introduced during
stirring. The resulting solid-liquid slurry displays
thixotropic behavior-the slurry behaves as a solid
when no stressis applied, but flows like a liquid when
pressure is exerted. Consequently, the thixotropic
slurry can be injected into a die under a pressure, a
process called compocasting. A variety of ceramic
particles and glass beads have been in corporate in
to aluminiumand magnesiumalloys by this technique.
Aluminium casting dispersed SiC particles for
automotive applications, including pistons and
connecting rods, represent and important commercial
application for particulate composites. With special
processing, the SiC particles can be wet by the liquid,
helping to keep the ceramic particles from sinking
during freezing.

% Abrasives:

Grinding and cutting wheels are formed fromalumina,
silicon carbide and cubic boron nitride. To provide
toughness, the abrasive particles are bonded by glass

[IC Bulletin Vol.22, No. 1, 2013

or polymer matrix. Diamond abrasives are typically
bonded with ametal matrix. As the hard particles wear,
they fracture or pull out of the matrix, exposing new
cutting surfaces.

% Cemented carbides or cermets:

Cermets contain hard ceramic particles dispersed in
metallic matrix. Tungsten carbide inserts used for
cutting tools in machining operations are typical of
this group. WCis a hard, stiff high melting temperature
ceramic. Unfortunately, tools conducted fromtungsten
carbide are extremely brittle.

To improve toughness, tungsten carbide particles are
combined with cobalt powder and pressed into
powder compacts. The compacts are heated above
the melting temperature of the cobalt. The liquid cobalt
surrounds each of the solid WC particles. After
solidification, the cobalt serves as the binder for
tungsten carbide and provides good impact resistance.
Other castables, such as TaC, TiC, may also be
included in the cermet.
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