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“POLYMER PROCESSING

ﬁﬁ Th'F‘an't‘g,mn.r processing is the technique of fabricating the polymer mto useful articles or shapes.
\,,.31 PLASTICSLELASTDMEHS AND FIBRES |

X I){:lr&u'ndll'q._, on their domiman property or use, pnthrlL materials can be classified into three
Lnlcgnrlm For u.lmplL those pnhﬂuur-\ "l-'-hl\_ll are ¢ ..lp.lhh, of }u,lclml. 1|I,1ru of lubh tensile "'\llLl'l},lh uml

Fhrc -forming ptﬂ._!,mcr Those polymers x-.tmh on pu]hm, 1|mu_,.|11: o nmu:. times 1t ILI'IL.III without
breaking and return to their or iginal shape on release of the stress are known as elastomers. This property
is known as rubber-like elasticity and hence synthetic rubber is the important example of this class.
_]éil_l_g_n_m shoesoles, tyres, surgeon’s gloves are examples of articles made of elastomers. All other synthetic
polymers other than Tibres and rubber are usually known as plastics and are widely used in mouldings,
“coatings and films. But it must be remembered that these are the main applications of a particular group
df polymers and some polymers are used even in several different manners.
P . -
¥y, 4:2-COMPOUNDING
& Pnlvt‘nr:n in their pure form, as obtained from the manufacturing plants are called | \ irgin’ poly mers.
Most of the 'virgin® polymers are not suitable for processing straightaway. For meplm virgin PVC can
not be mnu]dcd without making it soft by the addition of a plastciser. E:ln'ul.irizuI natural rubber requires a
vulcanising agn_'n'l to render it mouldable. Most polymers are protected from thermal, oxidative and photo
degradation by adding suitable stabilisers. Sometimes, dyes and pigments are added to obtain articles of
attractive colours.
Compounding is defined as the process of adding ingredients such as plasticisers, vulcanising agents.
stabilisers, colouring matters into the “virgin® polymeric substance.

—Virgin resins of pl.lim, materials such as polystyrepe, pnl}r.[En!an or PVC are usually available in
pundu form. Compounding ingredients in the form of fine powder or liquid are blended with fine powder
of the * virgin® polymer in mixers. Liguid polymers are compounded using stirrers.

Virgin resins of clastomers such as natural rubber, SBR ete are obtained in the form of crumbs
phy m.lll'. mmpm!r:d into thick slabs. These crumbs are milled down into pllablc sheets and compounding
Lm_n:dn:n'x are added 10 1.

~ Fibre=torming resins usually do not require Lumpuundmb Ingredients such as stabilisers, lubricants
are H!raight Iway mnwd into the pn[} mer melt prior to spinning.

M’a‘ PROCESSING TECHNIQUES

Tﬁew are the lLLhmgucR y which compounded polymer is converted into finished products. The
smpnnan: tec hmquu’. are calendening, cas casting. moulding, th:rmginrmmg_ fcammg remt"un:mg and spinning.

4.4 CALENDEHING ST
Calendering is a process used for the continuous manufacture of sheet or film. An outline of the

calendering machine is given below. There is a set of metal rollers rotating in opposite directions. The gap
between the rollers can be adjusted which controls the thickness of the sheet calendered out. Compounded
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POLYMER PROCESSING L,

polymenic substance 1s, fed between the rollers which are maintained at an clevated temperature and the
sheet coming out from the rollers is cooled by passing through cold rollers, The sheets are finally wounded
up n rolls,

PVC, polyethylene, acrylomitnile-butadiene-styrene Lupulymtr*- (ABS) and rubbers arc among the
main |:-.:I1.rmrt. which are usually calendered into sheets. o

e e

{ LT el ifdied
Polyvmer

G!n_d-_' Hollers
Fig. 1. Schematic diagram of a calendering machine

~4.5. DIE CASTING

It 15 the process by which liguid prepolymer is converted into a solid object of a desired shape. A
simple outline of the process 1s given in the figure. The compounded polymer is poured into a_petridish.
The dish is then kept in an oven at an elevated temperature for few hours. On cooling to room temperature,
the sohid product from the petndish 1s pulled out. The sohid thus cast will have a shape dentical to the
interior of the petridish. Instead of a petndish. if a cylindncal glass tube closed at one end 1s used, we get
the product in the form of a_cylindncal md Polyesters, urethanes ar .:nd___[:-uxldﬁh_w,_, are_suitable for die
casting.

oy -

Fulling the Petndish - .
~ with Prepoly mer and ~ Heatingin __
.-""- i - |
e Cumtrve Mix o __,_""1”“:“ _
.J’f

I

Pull {
Pulling oul the

cured solid product ) |

‘-,_'.',/Ffé. 2 S]:_nple illustration :Iemnnstrating _t_l."le casting process.

4.6. ROTATIONAL CASTING

( Hollow articles such as balls_,,ﬂu[ls. rain boots etc, are prepared by a process called rotatior
An uuthm: nt the apparatus uaeﬂur this pmﬁ:c“ Is given below :

R

EI—
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The ::::-::.'fd::.‘ thermopiastic matenial = the form of 2 fine-powder i taken 11 2 Z*.'_-'.':':- mould
Tee pperxss has provincs !"‘-'.' rolating the mould nmultaneously aong the pnm
mes. Afwer cloung the mould # w heasted and rotated The molwen plastie ¥
the entze sarface of the msade cavity of the mouid The mould. sull oader rounon 1 then challe
cold water. Thas the moltes plastic cools down and soludefies. The mouid 18 now
el

FiLM CASTING

—

~ . F

Mow of e comemescially svalable off celivphane sheets 304 phoropraghes flms are prepased by thas
pocru. A Cagram of the film-casting spparates o8 shows below.

Foin BT olaliane

Wetap il

Poby mc wintce

Sewrads i 3 Film

Emtlirna Mirsallc Be
Fig & Scrematic Sagram of § TAm-CASTOG equipment
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A solunon of the polymer in 3 sustable solvent i allowed 10 fall o8 a0 endiiess mensiiic belt moveng
a2 constant speed. A continuous sheet of the polymer solstion 1 thus formed on the serface of the memaliac
beit. The solvent 11 now evaporsted and st thn film of the poiymer 1 formed on the surface of e Seit

47 MOULDING 5

Moulding processes are those 1o which 2 finely dwided plastc 15 forged by the of hex
and pressure 1o flow 1010, fill, and conform to the shape of 3 cavity (mouid) & s one of e cidest mchads
of polymer processing. Ha.ld:';crhtmmﬁu:  meny defleet WS,
Injection Moulding : =

The impection-moulding process 15 uicful for producng articies mmde of Sepmopiastc mmensly. A
diagram of imjecuon-moulding machine u pven beiow ;

7

TRp—— m_a‘WMJK i - Iy
Ponies | 2 ok -
Frosaer S - // —ce

- | Fig. 5. Schematic diagram of 80 Inpection-mouiding machine

— e ——— i ——

The compounded plastic matenal » memdeced Sroogd S hopper mip e hat horgoseal Olamder
where it gets witened  Prewsure 1 applnd ‘"nr:“m_m.ﬂ"‘"}ﬂ#'“?{tﬁ_@ﬂ—
twough 2 oylinder im0 2 mouid fied & Uy end of e Cvander Adnn.ra,ﬁMH:Lﬁcﬂq
the plastic material umformly around the made wall of the hot cyfgndes Tump.m_:iﬁ—
the cylinder 1 then injected through a narric meo the mosld cavey.

The mould used 13 2 two-pant system One » 3 movabie part 3nd the other stanonars The statcmary
part 1 fired af the end of the cylinder winic e movabic panl can be oposed o lockad o © B B
SOty part

Afier the mogld u filled with the molies muternal under pressere thes £ 5 Cooied by Cold wamey
crculaton and then openad 10 gt the mowlded atxcic.

%Io-m =
Mot of the holiow plastic articies biie contamen, soft dnod Somics arc prepared iy S jrocess.
WW-&-MW “P,‘,m_:-hﬁl .
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Scanned by CamScanner



5

.‘/,E’xtrusmn_m oulding-

AN T TTEmEmmse————

~

12 ORGANIC POLYMERS CHEMISTRY
Blowing pil;ﬁ:\‘
AR _:#. e
i ] i
U N : :
i —> Mould <— ;
Panson
Panson kept in open mould ’ Mould closed
T Air Blow moulded
v v anicle
ks
S/ | == | ] e e b |
rd s r— —
Air blown into mould Mould opened

Flg. 6. Schematic diagram explaining the steps Involved In low-moulding process

R

A hu‘[ w!tenud _thermoplastic_tube, usually called ° [].lll‘-i.‘lt “is properly placed inside a two piece

hollow mould. The two halves of the mould are closed and the parison is blown by compressed air through
ooyt S oty

the blowing pin. as shown in the figure. The hot parison 1s mflated like a

balloon and goes on expanding

until it comes in contact with the relatively cold interior surface of the hollow mould. Thus parison takes
The mould 1s now allowed to cool and the rigid thermoplastic

Q _article formed 15 removed by npq.mm. the mould.

the shape of the hollow cavity of the mould.

L'r_,..—""

Extrusion moulding is the process by which many common plaxm products such as films. filaments,
_tubes, sheets. pipes, rods are produced. It is also used for coating wires and cables with PVC or rubber,

"u_ﬂldﬂr.lm of the extrusion maching 1s given below :

Hopper

Main

ovlinder

Heating elements

AV

Dic Assembly

AT T

S A S T 5

)

Fig. 7. Schematic diagram of a slm_p_l_g extrusion machine
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The compounded plastic material is introduced through the hopper into a cylinder which is heated
electncally to soften the matenial. The hot plastic material proceeds through the cylinder along with a
helically revolving screw. The temperature of the plastic material further rises due to the frictional heat
produced by the compression of the charge between the rotating screw and the cylinder surface. Due to

the built up pressure. polvmer melts and enter the die where 1t is cooled by cold air blast or cold water

spray. The product formed 1s cut to the desired length or wound on to rolls.

4.2. THERMOFORMING

Thermoforming 1s a very useful process for fabricating three dimensional articles from plastic sheets.
An outline of the process 1s given below :

Thermoplastc
Sheet A Heat

[ERERE
5

_Heat-softened
Sheet

Female Die __ Thermo formed article

Fig. 8. Schematic diagram explaining thermoforming process .

The thermoplastic sheet 1s heated to 1ts softening temperature. The warm flexible sheet is then pressed
into the female half of a matched metal die. When the male half is put over it, the sheet assumes the
required shape of the mould. On coolings. 1t 15 removed from the mould.

.
" e L o L
-

410. FOAMING ~ "¢ gaSc=~ 1 {8
“Foaming i1s the process for producing spongy materials.! The usual foamable polymers are
polyurethanes. polystyrene, polyethylene, siliconed ete~Foamed plasucs are used mostly in automobile and_
furmiture mdusﬁf;. PDI}'.':?_I‘_LTCI:H: ngid foams are widely used for packaging. For matresses and similar other
applications. rubber and urethane foams are used.
There are different methods for producing {oamed plastics. One method is to melt the compounded
thermoplastic matenal and blow air or mitrogen in such a way that the whole matnx foams up. When the

- s ¥ s ——— S
required degree of foarmung 1s achieved the matrix is cooled and is allowed to solidify in the foamed-up

condition. Usually foaming 1s done by the addition of a foaming agent or biowing agent. Such agents are
solvents with a low borhing point hke n-pentane or n-hexane which boil-off and liberate large volumes of
Vapours.
Carbondioxide gas produced by the reaction between the isocyanate and water can also be used for
producing foams. For example, polyurethane foams : B
R—N=(C=0 + HOH — R—N—C—0H —— CO; + RNH>
i |
H O

- ﬁ.‘ll}'l.ll'_l.‘.fh;lnf are produced by the reaction of a_polyol with di-isocyanate and we have 10 only add
some additional isocvanate and water to get the foam. Nl - _

® The large volumes of vapours or gases liberated by these blowing agents make the polymer matnx,
foam up. The polymer matnx in a foamed-up condition is cooled below the softening temperature s0 that
the matrix as a whole in the foamed condition attains structural rigidity to maintain the foam structure.
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411 REINFORCING LT

" Remforcing a plashc matnx with a high-strength_fibre material gives us fibre-reinforced plaspcsl_
AFRP),_It has a high strength-to-weight ratio and excellent corrosion resistance. Due to these specific
“properties reinforced plastics are used in boat hulls and in storage tanks for storage acids.

The main reinforcing fibres which are generally used are those of glass. graphite, alumina and bﬂm-j i
Aromatic_polyamide fibres are also used which reduces weight by 50% as compared to others. The
““tommon resin matrix used in FRPs includes polyesters, epoxy, phenolic and silicone.
There are several “methods for the - '
preparation of reinforced plastics. Some are
_ given below™: Lay-up resin and
-~ = A1) The Hand Lay-up Technique : This  glasscloth
*% is probably the simplest method for producing
. reinforced plasuc. First, a thin coating of
- polyvinyl alcohol, silicone oil or wax is applied
on the mould. It prevents the final fabricated .
article from sticking to the mould. The mould
is then coated with a resin matrix. A precul
“glass cloth 1s then laid over the resin layer.
Another layer of the resin coaling is given over
_the glass cloth. Rollers are used to press the
glass cloth on the resin umformly. Alternate
layers of resin and glass cloth are laid in a

similar manner until the required thickness is Fig. 9, Schematlc diagram showing hand lay-up technique
obtained. ;

.—- Shegis; autobody parts, boat hulls are produced by this technique. -
/dﬁ'ﬁnuﬁm-ﬂndhg Technique : This 1s very widely used method for producing reinforced plastic

_articles such as_high-pressure cylinders, storage tanks. A simple diagram of the process is as follows :

-y

5 ; /»W/%/% PT]ssinE
b roller

:f,!f '

/a /

Resin Dip-Cum
Sgueere unit

9{

Eaed I
Fecd Roll ..
Unit Traverses

Henzontally

Mandrel Resin-dipped strand
wound over mandrel

Fig. 10 Schematic diagram of a filament-winding machine

/"/..
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o T:-'ihs:unnnuuus length of strand is passed through a bath of resin and curative. As the strand comes
of:hﬂ= the bath. the excess resin is squeezed out. The resin-dipped strand is then wound over a mandre|
© required shape and then cured under the influence of heat.
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