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| (0.1 [ntroduction:

this chapter some Important modern engineering materials
ike Polymers, Ceramics, Super strong materials, High tempera-
ture materials, Cermets, Electrets, Thermoelectric materials
and Nuclear Engineering materials have been discussed with
their properties and applicationd,

;: 10,2 Polymers:

—

»
Y Polymers are sollds composed of long molecular chains. The
_Lj,ong molecular chains are made up of relatively simple molecules.
~ The most common polymers are made from compounds of carbon
- and consist of long molecular chains with strong bonds Joining
the atoms In the chain but with the relatively weak Van der
Waals bonds jolning the chains to each other, Along with
natural polymers, we have synthetic organic polymers and
' Al -¥ch - _

synthetic inorganic polymers, vuped ' P! Rgve o
‘____..—- : |~.1__.—-: Y f F
Ge;_nul Properties:

L./ Polymers are made of large molecules and their molecular
eight may vary upto several millions. These large mole-
'és are made up of small molecules called manomers )

and are joined together through polymerisation reaction.

» ( . classified as plastics (resins), elastomers
waer) e A lone llld terylene).
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rties of polymers are depending upop
% E:ng;ffﬁont the degree of polymerization, branc?:fjl
cross linking.) Further the propertics are alsg depeng
upon the mode of production. [In cross linked p iy
all structural units are connected by strong covaleny ho::

resulting In glant molecule extended in three dimg
In branched chain polymers the chalns are held togeth,,

by Intermolecular forces of attraction which Increase
molecular welght or the chain length. The higher moja,
welght polymers are toughers and more heat re,hm: |
The lower molecular weight polymers are quite soft, |

:
fi

6. r1;-..3c>l;,rmu=.-.rs are strengthened by crystallization, cross 1lnkln; |
and chain stiffening. .

g
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7. The dielectric behaviour of polymers Is due to polarizabje
structure of polymers, /Further the covalent bonds of a | !
polymers prevent electrical conduction. They possess higy | -
insulation resistance and have low thermal and electrica 1
conductivities.
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Plastics: ~ —» 1otd

-- Plastics are generally organic high polymers and are available
{ in natural form as resins, lac, casein etc. They are also man:-
factured synthetically as polystyrene, Polyvinyl chloride (P.V.C)
palyacrylic etc. Plastics have high corrosion resistance, hig | ,
dielectric strength, good tonghness and have low electrical an
thermal conductivities. There are two types of plastics:

e
Thermosetting plastics | Thermoplastics
g
I. These are the polymers ‘These are the polymers which
which require heat and  soften on the application of N

~ heat with or without premf; :
' bu: they require cooling to :
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, rigid
1 5, These are hard, rigid and
stronger.

can be used at high
remperature without

damage.

Examples:

a) Bakelites (Phenolics)
b) Polyster

Uses:
" T.V. and Radio cabinets,

- plugs etc.

telephone recelvers, electric,
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These are Comparatively softer
and less strong,

These can not be used at high
temperatures as they will tend
to soften under heat.

Examples:

a) Polyethylene
b) Polyvinyl chloride (PVC)
.Uses:

Toys, electric Insulation tapes,
photographic films etc.

Properties:

yleld strain.-

Is reversible.

& They have
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Rubbers (Elastomers): | | ot/

c. Even for small stress, we can get large strains and the

i ' ' ions
a. Elastomer is a polymer which sustains reversible elongat
of several hundred percent and thus possess a high elastic

. b. The material Is sof't' and plastic. Among the plastic materials,
it has more elastic modulus. .

strain

~ d. They. possess high dielectric propertles.
low tensile st

rength and it can be Increased by
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vulcanisation (addition of sulphur) some Cross

adjacent molecules are formed and hence hal'dneal:nll;' bet,,

Ebonite is a - full vulcanised rubber, Symheuc rulncreﬁ:
made from the coagulum of a polymerisation Do bber, o |
possess different chemical structures byt rmm;l&& M
rubber In many physical properties. ® nay,

Wood is a natural polymer and is COmposed of oy,

Cellulose chains which are bonded together with oy talin,
lignin. Wood possesses fibrous structure and has g?h‘"‘
strength in the longitudinal direction than in the trwﬂt“
direction because celluloses are orlented along the w:he
fibre. Plywood is formed by mixing a polymer with '0;{
and is less liable to warp and is equally strong in a direc.
tions. Teak, sal and chir are Important types of W0od, ysed

a8s common construction materials,

Ceramic materials are those materials which consist of phases
which are compounds of metals & non metals, Ceramics are
hard, strong & dense. These are completely stable even at
high temperatures and are chemically inert, They have high
compression strength and possess excellent dielectric properties.
Alreadywelmveaeenﬂmtﬁndiffmtypadmmjamdﬁﬂ
uses “as Insulating materlals in dielectric materials. Nov
let us see some of the ceramic tool materials with superior
properties. The drawback of ceramics as tool materiiti
Is that they lack toughness and resistance to both mechan! -
and thermal shock; this has limited the use of ceramic ! :
materials in the past. In recent years, there have been ‘15;:_
ficant developments in such materials, There are three ::,:d.
gories of ceramic tool mate.ial avallable today: (1) The

N B % s oeea s
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ip addition to being harder and able to retain their
a,r;ml‘”' at high temperatures. (111) The third class of ceramic
U‘Wteriﬂl {s that based on sllicon nitride. Silicon nitride
ool m:w 1ow coefficient of thermal expansion which reduces
ys 8 set up between the hotter and cooler parts of an
rl#’"’,o its thermal shock resistance Is excellent. Sialon

jcs are silicon nitride plus alumina. :

L ]

resent day use of ceramics for steel machining Is
rgely confined to turning of hardened or low alloy steels and
soth pure oxide and mixed ceramics are used. Nitride ceramics
their most sultable application In rough-turning the inter-
gittent operations whereas pure oxide ceramic is llkely to give
e longest tool life in semifinishing good quality castings under
cutting conditions. For finishing operations

wable continuous
the best choice. The mixed ceramic Is also

mixed ceramic Is
wad for high speed machining of heat resistant steels. Thus

«ramics can offer iIncreased metal removal rates, extended
wol life and an ability to machine hard work plece materials.

104 Super strong materials:

Due to the rapld development of Materlals Sclence and
Materlals Technology today we have so many super strong matz2-
:‘:: to make cutting tools, aircraft parts, dies, crank axles,
 %afts, gears etc, Strong materials should have the following

m‘l&@ tensile strength, high shear strength and high cleavage
bliey h""ﬂs with necessary ductility, weldabllity and machina-
* In some cases, It should have the desired high resistance

o
 taiga 0%0N, high creep resistance and high thermal shock
N oo covalently bonded solids, like diamond

| (3
g (A1,0,) ;I.liro high strength, from the view point
leer, the covalently bonded sollds are not Important,
talllc ones are important because of the nonmachi-

ictllity and  character of covalent sollds.

a
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about 340 MN m'2, and conventional §uenched and

alloy steels may have strengths as high as 2, GN Eezmhx
Precipitation - hardened iron alloys containing "u'? © T
but many other alloying elements - the gq called tmear%

steels - have reached a level of 2.4 GN m~2 iy

have obtained strengths as high as 3.1 GN m'2 b)'applyj
mechanical and thermal treatments to relatively slmple%t”é

steels with suitable alloying additions in the SO called 1
ming' process. e

i) Marageing Steels:

The new, high strength marageing steels contain virtyg)

I
carbon and the final hardening is produced by the PreCipltirEI

of compounds containing iron, titanium,  aluminjym

molybdenum, which are added in small quantities whey p,
alloy is prepared. The base alloy is iron containing betyee
18 and 22 percent of nickel by weight which is heated it
the conventional steels, until it transforms Iinto austenite, T
transformed material is finally heated to about 500°C whe
precipitation of the compounds referred to above take place,
This precipitation produces a very high density of particis
which more than doubles the yleld stress of the alloy. T
change from austenite to martensite takes place when the allr
Is cooled fairly slowly. These are used for solid propellant vess!
In a rocket motor. It possesses excellent welding properties
But it is relatively high cost and has small corrosion resistance.

1i) Austfq_rmed Steels:

The process of 'austforming' a steel to develop high 5"‘?;
Involves interrupting the quench to subject the steel t0 e
severe plastic deformation, such as rolling or extrusion s
it still possesses the austenite structure and the mg:w_
it to martensite. At least three percent by weight of ceptib®

usually added to the steel in order to make It sstfors®
this -.n'-i::;...,- '-'-1.'.-'.“. - Qi m-l of dislocations in &
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steel has appreciable ductility. These are used in
pent th':s’ and sultable for parts which can be shaped by

%maﬂoﬂ-

| Nicke! pased alloys (Nimonic alloys):
b
. are used for creep resistance at higher temperatures.

; Tﬂh::”“ these are In materials which are working at higher

tempefﬂturu-

) Super alloys:

Nimonic 80A Is an Important super alloy which consists of
Nickel and Chromium mainly. Chromium glves excellent resis-
tance to Oxidatlon. Titanlum and Aluminium are added to
increase strength through precipitation hardening. Carbon and
Cobalt are also added In small quantities. In super alloys we
can achleve high strengths at temperatures In the range
700-850° C. But beyond this temperature range, the rate of
' fall of strength with Increasing temperature Is very steep so
| that the material Is very weak at 950-1100°C. This effect
arises because of the Increasing solubllity of the Ni, (TLAL)

particles with Increasing temperatures - so that the particles
. progressively disappear Into solution once more as the tempera-
ture Is ralsed which Is the basic limitation of all age hardening
. Systems. So in super alloys, the strengthening agent dissolves
- 8t high temperature.

1) Powder Metallurgical TD nickel alloys:

- ;B ;lthl_tand the strength even at high temperatures these
; ml‘h‘lﬂoﬁm used. Necessary compounds are washed,
 the lnd ﬂmllz subjected to a chemical process which reduces
1t terial to metal and the dispersoid to Oxide, in the
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esistance. These properties are depending

I :
i .u“"“" f metal and cerami
[ combination o amics. Generally tw
; ratlo :‘. cermets are avallable based on type of ceramlc.:u.e:
a) OIW ceramics based cermets, In which ceramics are
ponded by Iron, chromium and tungsten.

b) Carblde ceramics based cermets, In which ceramics
are bonded by Iron, nickel and cobalt.

Uses:

—

{, Due to their higher hardness, these are used to cut and
shape many refractory materials such as glass, procelain
and high temperature resistant brittle alloys which are
considered to be unmachinable,

2. These are also used to manufacture cutting tools and
dies In metal working Industry and rotating drills In the
mining Industry.

). Further high speed, heavy duty cutting tips and Inserts
are made from cermets.

106 High temperature msterials

|

The high temperature materials used In machine parts and struc-
vtural components should have high thermal shock resistance
and high creep resistance. Thermal shock resistance is a

PR
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polymers. Tbeintautlnpolymerelecu'euhhmtb !
that these show extremely good charge storage faey

and are avallable as flexible thin films Polw
uﬂWMﬂmeﬂmm&amhwwwmmmmudmmu _ﬂ
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tional to the frequency of sound ves. Tbennemﬁ.'
que is also used in earphones. Here alternating woltage
applied between

gap. The foil is not damaged and can be erased afte
readout.

c) Qhenmahomedlngu_ﬂkm\'hlchmm
elemﬂl'lhrutocwe/anbmiamprﬂ
by electrostatic attraction.

a(f'm-ﬂu'thuamnndlnmmrehysﬂtchﬂ.w;‘:_
display _systems, electrophotography and radiation
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[ /!
g/ Mo
- rials used .In Nuclear reactors may be classified into

maté :
e rollo""ms main groups:

N
7

i) Fuel materials

i)  Moderator materials

)  Fuel cladding materials
ly)  Control materials

Il,Fﬁel; materials:

a}(' Uranlum: U ranium is very reactive and easlly oxldised.
_In-pure form It Is heavy, hard and nickel like metal.
It retains Its hardness at much higher temperatures.
In natural uranium, the following Isotopes are present:

Uranium - 238 (99.3%) and Uranlum - 235 (0.7%). Uranium -~

238 is a fertile material. But it can be converted into
fissionable material as Plutonium - 239 by neutron
bombardment. Uranium - 235 is a fissionable material.

It is used as a fuel in most thermal reactors., Enriched 4
uranlum which contains slightly increased percentage of )

1 _uranium - 235 in natural uranium s also used as fuel. _
“Uranlum Oxldes or carbldes are also used as Nuclear |

uels in some reactors. »
i a

b Plutonium: Plutonium - 239 s very reactive, easily
oxidised and highly toxic. It s a concentrated nuclear
fuel and is not found in nature. It is produced from

It can undergo flssion chain reaction
. So Plutonium reactors would not
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\':L‘i‘“ﬁi_é'_ﬁ'troﬁs and by that way the fission yield can pe
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i) Moderator materials:

Moderators are used to thermalize

the ¢ :
inCreas:;E
NI.ICIear

Any reactor with moderator is a thermal reactor,
fuel rods are surrounded by moderator material. Deutery,
(D,0) and yraphite are very good moderators o7

Since
ihey have high moderating ratio. Beryllium s the b:e |
metallic moderating substance as it occupies smal] Spac;
and has low absorption cross section for Neutropg.
Moderators are also helpful in.  controlling and stabilizin,
the reactor power level during its operation. In _some

reactors moderators can also act as coolant and reflector,” |

iii) Fuel cladding materials: |

Fuel cladding materials are wused to improve
the mechanical strength of fuel rods and to increas
their corrosion resistance. They should not absorb any
neutrons and should be stable even at high temperatures.
They should possess higher thermal conductivity.  For
thermal reactors aluminium, magnesium beryllium and *
zirconium are preferred. For high power reactors zirconium
and stainless steel are wused since' they can withstand
at high temperatureaﬁ

iv) Control materials Eat o
r._l_lﬂ'- L

The power level of the reactor or , neutron

flux ~ the reactor is controlled by inserting control

rods which are high neutron

bsorbers These are made
from boron, silver and cadmium. 5

F

SUMMARY
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