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PAPER I

POTYMER SCIENCE

PGD.IRi

This Paper consists of two pruts * Pmt A : Polyrner Cherni$ry iurd Pzut B :

PolymerPhysics, Out of totalfive nurnbers of questions to be answsred at least

throe nun:b€m must bc frorn either Part.

The studflrt will be requirr:clto ;

(a) be farnilizu'with ltaw Materials and sources of h{ononrers
(b) have undorstanding on Structure - Property relationship
(c) have basic concept on Polynredsirtion - Mechmisn & Techniques
(d) be aw?re about propvrties of Polymers and Physios of Vulcalissd llgbbpr'
(e) have ability,to use nrathunatics as atool for solving prclrlents related to

molecular lveiglrt of Polyners, shapo f':rctor, tranmrissil:ility etc, " '

,4
( rru*nraterials

PA]TT A POLYI4ER CHEMIS]RY

Concopt of thE basic stiuting urateriurls of syntiretic polyrners, viz. potrolounr ancl
naturalgas; h'ief outline of refinery process, :

Mononrers - their characterisiics, .fun,..tionality ',rnd iype s; outline of tirpL'
m iutufacturiug pro ccss. Nitrrral ll o lyrne:'s an cl th e ir cleiivative s.

,22, Structure-Pl'opsrly Relatiousliil)
Size and shape of rnole cules, Concept of Polynrers, rna0r0fi1olecules ancJ

olastom ers.

Classificdion of polynra's - linear, brattclterl, gr;rtt, crosslirrked, thcr:rrosets iurcl

thennoplasics, homo -, hetero -, c0 - & ter. poiymers.
-- 'moletularTorce5-aiiil bonds iii pol/mers;'relnfioribt"tv*len rubbers, plrstics cQ.

fibres interprete d in temts of bond strengths, intsrcirain forces ard rutationai
onergy barriers; concept of cohesive onergy density urd solubility parzuneter nrid
their significance in polyrner properties and in processing,
Configuralion of polylrlers - isonredxn and tacticity in polyurers and their elibct
on polymer properties.
Crystallinity in polymers -- concept of sphaulities & fibrils; f acton* arffecting
orystalisability of polyrners iutdeffect crf Crystallinity ou pol1'rner properlies;
crystallizalion of polymers by cooling & stretching - concepi of orientating a

$iliifl*'ffiiJ'ilffi':'- factors rrrrectiug rg; significancu of rg i' porynrer
properties ancl lxocessiug. Outliue of rneasurement of tg. :

. Polyrnerisdion * degree of polynrcriz;rtion, developrnent of the ideas of'
molecularmass avcragos, rnolecular rvuight distribution and thr:ir relsvan0e to
mechanical propalios irnd llow tichaviouri outline of nr olecuiir weight
rn ea,suring rn ethods.
Folyrnerisdion - nrecltanism; basic typas and cri','eria foi polynra'izisiorr - chlirr
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8nd step growth (addition and eondonsation); extent of rpaction & elegree of'polymerisdion (DP), Control of DP; Corotiier's equirfion, Tlree dir'ensional
polym erizalion; oross-linking au:d gel point.
Coneept of Free i{a^dical,Ionio, CsorcJination polymerization; initiarion,
Propagation, transfer & tsrnrinatiern; cffe ct of initiatu, rn erdifia-, short $op &Inhibitors; effect of tanperature & solvents; effect ui'ratotyrtr.'
types ofnronotners thm can be polynre|ized through difl'ereut rnechiurisrns.

Pry*f:: and significance of stereo-r,cguriu.polynrer"s & rrreir praoticar
lulpottancE
Ring opening polynrerizatio' a'd its practicar importa'ce
Princ'iples of polyura'iza.tion teehniques * rna.ss, suspension, eprulsion a,cl
solution ; their suitability for produiing irnportaut cornmprciat .,
polynren

Conr pnrison betwpeu batch m d contirruou s p+il,ur edz aliou 1:r.occsses,
I

PAR'T B POLY&{ER P}IYSICS

1' RubberPhysics Basic principles involvecl on the origirr of'r.ubber like betraviorirand nrbber Elasticity * Maxneli & Weight rn ocLl e---

Concept of viscoelasticity rurd fundarnentals of rheology - icJeal el;rstic rcsp,nse,
pure_visoose flow, factors affecting flow behaviour; Ilovrilehavioir ol.

New'tonian an d n on-Newt on iiui m ;rt eri aJs
Powor law equation anrJ its significance
StresVstrain behaviour of rubba'as conrparod to plastics, fibr.es a4d'retar1s

1, Rubber Engineering
Poisson's ratio, storcd enorgy and energy loss - hysteresis and its
significance. Behaviour ofrubber unclalst.rsr - iritrnnion, comprsssio', shear
and torsion, concept of Shape Fiictor:ucl its signific;urce , LoarJ-clefiection a'ciTransmissibility. Fund:rnentals of the clesign frinciples involvecJ.in prod*cts like
lriog3 Bearingp, suspension units strsss relaxation ar:el creop & tSeir
significauce.



PAPER II (PGD.IRI)

This Faper eousists of two pruts - Prut A Rubber Proeessing Toohnology rud Part B
Engineering" Out of tota! five numbers of questions to be nnswered, ntnxbtrum tltree

numbers fiom each Part arE to be answered"

The stu.dent willbe requircd to : :

(a) Have understanding of ths principles of tho basic procossing crperatiorts ald
processability;

(b) be familiarwith tlre fsatures of design aurd oortstlrrction f trrachinety qsed, including
ancillary equipment (e.g. feed and takp"offsystgms, drivo systents, temperature anci

pressure p qE$uring dovices);

(c) be awars of the safe working practices; 
;

(cl) fiavo ability to use nrathanaticg as ?] tr:ol foi' solvirtg problenrs relaf ing ttr irych'aulic

prcssos, heating system, mixirrg batch weight, calendiu coding woight, sxhusiott
riie swpll and Rheographs.

PART ..A" RUBBEII PROCESSI}IG TECF]NOLOGY

L storage and hryrclling of materials. {

Storage life, FIFO, handling iurcl rveighing/bi:tehirlg systnns

2, Processinq anllProcessability

Roview of rnethods of detennining the processability of a rrtbber tttix, using

Mooney Viscoureler, Rapid Plastinreter, Rlieometa' and Procesirbility tests--

including description af suelt equipments

3. Ivlixing

Principles of Mixing; distributive, latt ittar & cii spers ivo nr ixing'

Description oonstruction ancl contparision of rttixers iutc! contpounclirtg eqrripnrent .-
open rnills and intenral nrixerq mixing energy; mixer geonetty and flon'
mechanism, practicirl rnixing techniclues including sequence of mixing alrd

evaluation of quality of rnixing; h'ouble shooting ot'nrixing operation;. post-mixing

operations, handling and storage"

I

I

I
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Extrusion

Basis principles involved types of Extruders - Raurr & Screw & their comparisoti"
Variations of nrbber extrudem viz hot feecl, cold feed, pin banel,. vaccum and their
comparison, scruw design and fer afi".ngsmortts, extruder head constructiort -
straight head & eross-heact tomperature e ontrol urrit. Die and Die-srvell; Fuuction
and layout of ancillary equipment for staneierd extntsion operationg troublo
shooting of extrudsr opention"

Calendet'ing

Construction, types iurd function of r,alencliu'ing nrachinq calendaring prooesses; -
frartioning, skim ooding & shwting; Roll floating, roll binding iurd calendar gauze

control de'riceq Function. and la1'out of iuicilliiirv equipurent for stmdnrd
catendaring opa'ation, Trouble shooting of calendriiig opelrrtiort, Other rrtethocll

of textile coating viz, spreiuJing, dipping - their usefulness, firnitalion and
comparison,

Mou_ldlng

Doscriptiori ancl oons'truction of equipntent useci in Conrpression nrorilcling, Triurs.l,'er'

rnoulding, and injection nroulding - their comparison.i{ould shrinkage; 'ft'ouble

Shooting ofmoulding operations. 
{,

Hydraulic systems used in rnoulding prtsssq Single daylight and nrultidaylight
presses, vaccum systutt in prvo*sus.

General features of nroulcl design, (a) single iutp,ession, and (b) rnultiple
impression and cons8uction of a mould, rnould clrunping rurd loading iurd opening
atrangernents, mould cleaning ntould lubricant. Methods of biank propirrafion,
Various Trirnrrrirrg and Finishing metltods

gontinous Vutcru

General desoription of nrethods currently used in industrial praotioes 'such as

continuous vuloanization by RF, LCM urd l{pt air,I\ an<i their c,grnparisorr

PART ..B'' PROCESS ENGINEE}UNG

1, Safety

Humar aspeot and Mar,hine aupocLs - sat'ety rnethods used in bdo cutting, mixing
extrusion, calendaring, moulding presses iurd irt autoclaVEs"

5.

6,

n
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2- Mgqhanipq

Work, POWffi, Energy, Torque, ooncept of eflie ierrey.

I Powqr Trzutsntission

Prineiples anc! operdional rrquirutteuI of l.]at i3e lt, V-belt, "footitecl Bplt & 0hain
drives. Main types of gears * spur, helical & wonn, Cornpru'ison of ths diiTerent

forms of powertransmission in term of effieienuy eurd linrit of applioation; safety

requirement of drive systerns. 
i

Seleetion of cJrive systernsfor aroll nrill, extrucler, ruottlcling prsss, intorrtal tuixor, a

calend:u and hall-0ff system 
"

IL Hydraulics 
i

.Major fsatures of punrps including positive a:td rtort-1:ositive clispliicentenl ptlrltps,
fixod and veriable displacanettt puntps - gcff, viuto & piston punips; hydraulic
accumulator.

Pressure control valves inclucling sinrple relief voh,cs, plcssul'e reciuoirtg valves, .

Lrnloading valve$, flow control valves and diroction ai valves,

F{ldraulic circuit for upstroking cornpressitn nroulcling presses and fct' a simple
$crew-rirn injection moulding tnachine w'ith descriptiotr of fitnctions of
uomponents.

5, Hoating systems used in rubba industry -- $eiun boiler rurd their basic tylrs;
dryness factor of steanr, steam line and stciun traps - thsir functions and bitsic

types and suitability; thamic fluid heater.* zurd thennic fluid lins; hot air
generators and their applicrtions; inf'rared hoaling, rnicro'a'ave hedi;rg andtheir
applic*ions and suitability,

6. Instnrnrents used for rnEasurement zurd control of temperaturg atd pressure;

thermorneters, pyrorneta's, PD & PID controller, pressure g:ulges rutd transducers
with reference to their applicdion in rubber proe essing macheineries.



PAPETT.III PGD-IlU

RUBBEI{ MATAIUALS, RUBBE}I COMPOLNDING & REINFORCEMENT

PAR1" EC6I: RUBBER E{ATEIUALS

l' Natural Rubbcr * source' pl'oductioil systenrs fbr sheet zurcl block r-ubber, grarkrtion
system, proe essing oharaota"istics & curing systenrs. 

' r

2" Lalex

4.

5.

NR latex types a'c! 
.grarJes; preservatio', conceut'ation , stabirity,ge!lation, coacervatioq; l)-iipersions a'd Enrulsions theirprepardion and use of surface active qgonts in ratex comp,lund,sinrple ldex mix clesign. "' 'Btv^ vr

:General Fulpose synthetic I{ubbers sucrr as sBR, pBR, NBR, cR, IIR, EpDIvI --'(.,' their.structure, grades, ouring systcns, con:p;u-ative propedies ancrapplicduions.'
special Purpose.synthetic Rubbers - FK-iv{, +cM,ECo, cspE, polysrilphide &HaIo Butyl - their $rudure, grades, grnrio.r ,o,npounaini, ,ou,p*.ative propei.tiesand applicrdions.

funportanc.e and applicdions, concept of rniscibility/
nr bbor-p last i c, rubber-rubba. r,g. l.iBR ?V C b I en&;

Thennoplastic Rubber"frPR) and ThennoPlasic Elastorners flrpE) - tleir co,captand applications of SBS and EVA.
6-* Industrial Plastir.x - pvc, pE, pp,. pF Resin, poryemer, poiyarnide - thpirstructure, grades,'conrpru.ative properlies e applicuioris

Polymei Blencls -- their
cornpalibility; use.ful blencls _
NR/SBR,l.[VPBIl. etc,

PART.,8" RUBBER COMPOLTNDING & REINFORCEMENI.

:1" Principles of ootnpounding, cornl:ouncling Ingreclicnts ancJ lr4ix Design to nroetprocessing ucj wlcarisate proputies.

a Functions and uses of accererator.s, setarcreru, peptisen, tackifiers, pr:'c'ssaids, activdors, softeners, extenereru, recraimej *bbro, cnrmb nrbLors,minerar rubbers, rubber subsirure (fa*ice), ;*;;;, browing agents.

b' Fillers -- reinforcirtg, senti*reir,forcing iurcl extenciing Iiilers, non-blackand blaek fiflers - thei'grrdes a'ci c!assifiriion ,rr,rurogr..

s. Crir:i'g Systertrs
olassificalion_.of accererators, provide, metnJ n"io, *.: rpsin curing systemsand their applicaiorrs. Principies of lriix Crr;gn *o'selectioir *Juipliroio"



7.

of poly'rers s.ucrr as NR, sBR, pBR, NBR cR anrJ IiR with suopeet to *geingand weathering, heat resistirlce, oir *ro ruiouui ,.sistzur,ro, abrnsiorrresistanoe, resirience, hyservo*is ,." he":d 9,iil.r";; ozone resistance, rowcompression set, high tensile srrength, low4rigir t,l,.nrss *r; ;;,brd, flexeraeking resi$ance, flanne resi$ance, low^ten-rperntu.o flexibility, oloctricalinsul d i on, con du ct ing an d :urtistari c propert i e;--:::;;;r effi ci en cy.

Textiles " definition offibres, yanr, corcl, tyllt, cou't, cJe'ier, tex, types oj.textiroweaves and their irpplicruion in rliflsront,.,bbu ptu,tuciri'rt,"eur, *ocompar*ive poperties of cotton, Tyol, polyamicle, polyester, aramid,glass zurd stosl wire ancl their appticariorir ii *uuer procluots. Textile .

:. torubberbonding systems_Dry andRFL" r'veevap. ae.
. ',

8. spee ification, standa'cb a.cr l'esti'g of Raw Materiars. ..
i

Plasticity ancl viscositl rltt of fry rubbe.ry a,d ldices; sieve resiclue test, heat ross,ash contenr acerone 
_rro.r test foi dry rubbertih;l;;,grtfiruoe, totnt sbricrs, ciry_nrbberconienr;pl{;vr+Aeonrent, Koir,niemu.er:;'nrcen'inic*i *a;r,mrl;ili#jji,ytest for latex ancl trreir sigrifi.mrr; sieve r.esiduJ ,-J, sir.c"i burk dcniity, hear ross,.iurh content, pH of watcr bxtract, anirine 

f oint, irirrimg ;r,,/roftening point test for.cornpounding ingredients zutd tleir signiicallce. 
vv*vr^'r' Pvrur teu! 

., ,9' storage, I{anclling anci Fliuarclo,,r"r*url'nf oo,npountli'g rnaterials, oils a'c,soivents and safety rireasures involve<J.



PAPER - IV

RU BB.ER ? R O D U qT M ANU FAqI U&iN G Arr:D f TTEI & EL At-U ATI O N

TJrjs Faper coJ$ists of;two partqj Pan A Ritlber Pr'oduct Mruruf acturing_iurcl_Piut B.

Rubbsr Pioduct Evaludion. Out of total five number o{juestiqnsJo_be usrrrered , :itleast
twq numbers iu'q requi[edto bs zu]sv/ered frorn each Part

The shdents will ix required to :

(a) havo knowledge about marufactuting outlirre of nrajor rubber'llrodricts involving
the material, oomponents, their functions, buiiding rurd curing,

(h) be familiar on design conshuctiort and comparaiivc adviurti€lsVdisaclvarrtliges.
O be farniliiir with MIX design.
(e) ttave ability to use matltentdics irs il tooi to solve probienrs relatecl to design

parameter on products like Hose, expansion/sirrinkage i;r ,;e llular prorlucts etc,

PAFJ'A RUBBEIT PRODU C]' },{A".,IUFACTURINC

1 : rfyres iurcJ Tubes -cyolo tyt:es, pnsseneger cr tyres ucl tn:ck tyres; tyre sizirrg 4c.l
rnarking; different types of tyre constnrctions * bias, belted bias, radiirl & tubeless
tyres - their basic features and chaacteristics; difi'erent conponents of tyres ancl
their functioning; ntanufacturing tcchniques - principles of cornpound clesigrr,
selection oriteria of diferent reinforcr:srent rnaterialg method oftyro building &
curing; post curing treatmcnts.

:_ - - -L -In-cius.Lnal -Rubb%Products- :,:. - .,_, _- :: --_: (a) Belting - Conveyor, 'fransnrission, V-Bclt & Tinririg Belt - types,
grades functions, construction, selection of nrdprials, mix design,
building and curing.

(tr) lloss :- Types md grades; construction - hiuclqnade, ci-r'cula'woveg,
braided and spiral; tireir advantages; eiisadl'antage and applioability;
design featurcs, neutral a:rgle 'and bul_rfing fressuro calculaiion;
selection of reinforcing nraterials a"ud niix design, lxoduction liovr
chart and curing rnethods.

(c) Footwear .. Sole manufactwing -. rnicrocellular', IJnit Solp arrd Rpsirr

" Rubber Sole; hand-built footweru'& DVPIDIP.
(d) CablEs TypeVgrades Con$ruction, insulation arrd slreath,

nraterials selection, rnix design, building and curing,



3" tatex Products : Dippod Goods * ba.llrrns, prophylitices rurd glovog latox Threacl and

Fpam md Carpet Backing

4 : MiscellaneouslRubbs.r-Produdt:

(a) Coated Fabrics and caienclered shceting"
(b) Mouldecl items like seals, gaslcets, auto conrponents etc.
(c) Rubber to Metal bonded components -- engi:ie mounting, rubber rollor"
(d) Extruded itans likc tubing, wyalha'stu'ip etc.
e) Adhesiws -. solvent bi,r*ed and aqueous systems.

,1,, 
,

___-*" PART-'lB', _RUBBER PRODUCT EVATUATION

The student will be requircd to :

(a) be aw;ue of Philosophy of Tei$ing.

(b) be faruiliar with SPECN, STDS anc.l Qua.tity Ivlanageurent sysrenrs.

(c) have knowledge about the follorving test nretliods and their applicrtion in the nrbber .

products covered in Part 'A' above.

(d) have ability to use matltematics as atool.to soive problenrs related totesting such ir.s

tensile strength, resi I ien ce, res ist ivity, slve ll ing et c,

1. Philosopliy of testing : Standard tEst nrethorjs; linritntion of test dida, precision,
acsunlcy and validity of tesi methods, Quaiity Assur;urcc a elpmEnts of statistical
quality control - meat1, avgrage, mediunr, variance, standru.d cleviiuion 

"

2. Specification zutd stanclardization. Arvareness about BIS ancl ISO stancla'cls on
rubbor, rubbs'chernicals and rubbsr based products.

3" Testing' methods and thoir signific:urce with respecl to product per{bnn:urce,
StresdStrain propaties : Tensile sb'ength, Elongation, Mocluius, Hircluess,
Compression set under constant stress/strain - original and after accelerated ageing
conditions.

(a) Effeet of environntent ancl ageing of nrbbers, srvelling tcsts, oxiclative and
thenllal ageing, ozong cracking tests.



(b) Electrieal rrroporties of nrbba'; rJeterurinalion of resistivity iurcl cliaelectrio

stren$h.
(c)Timsdependentpropedies,.detemtindionofCreepandStrcssrelaxation;

detgrrrrindion of rebouncl resilience, elfect of tetnpel'atutt u:t resilienee'

determindio,i oitrrut build'up by Goodricl flexometa", effeet of tvrnperaturo

frequency *O *pf itrde of iiUt'uti* on dyni:mic properties; forced and free

vibr;rtionmachinos,cletemrinatiotroflossmodulus"
(d) Destructive tests :" Tsns aucl Abrasion resistanee tests; crack initidiou 'an-d.

crack grorvtf, UV ,itt De Mattia method and'Ross Flexing'nraeltine' aexuml

_- -fuigT;ffiiltrr.gin-iub-b6rf;$;i'6:5olttposite: "'*

(o) nOnisionm,rndtesting ". peolte$,Pulltest ancl shetu'test '' thoir m

significa:rce and limitations' ^.,r -,-.:.--(0 firennal p*pr(i*q Tltstntal Concluctivity, Heat Dif{rrsivity their

iinportance and nteasutettt ettt'


