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Describe the process for production of polymethyl methacrylate by suspension

polymerization systems. Provide details cn characteristics of each component

in the reaction mixture.
{5 marks)

Plasticizers are added to polymers as additive. Explain their functions and the
factors considered in choosing a suitable type of plasticizer. Give the names for

one pair of a polymer and a plasticizer.
{5 marks)

Give the reasons for the differences in transition temperatures for the following
pairs of polymers.
c.1) Tg for polyethylene and polydimethyl siloxane.
c.2) T_ for polypropylene and polyvinyt chloride.
c.3) T, for polypropylene and polystyrene.
¢.4) T_ for nylon 6,6 and nylon 6,10
c.5) T, for low density polyethylene and high density polyethylene.
(10 marks)
Spherulites are farmed by crystallization during cooling of polymer melts.
Sketch a plot of radial growth rate with temperature for a polymer. Explain the

effects of increasing molecular weight on the tendency of a polymer to

crystallize.
(5 marks)

Explain one method for determination of T .

{5 marks)
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a) The membrane osmotic pressure data for polyisobutylene in chlorobenzene

solvent at 25°C is shown below. Estimate number-average molecular weight,

M. of the palymer sample.

Starting 4 , cm.chlorobenzene
concentration, ¢ (g#)
5.0 2.50
10.0 10.00
15.0 24.00
20.0 55.00
25.0 105.00
27.5 150.00

Note : at 25°C,density of water = 1.00 g/cc,
density of chlorobenzene = 1.100 g/cc

R =0.08205 {l.atm)/(mole.K), 1 atm = 1,033 cm.H,0

[Ejj = ET + Be where B = constant
c] M,
{E _RT
¢cle =0 M,
1 1
Fap RT Y2 A, —
E:l =| = 1+ —2M.c| where A, = constant
| C M. 2
-1 1
{E 2 _ RT )2
Cle=o \M,
il = osmotic pressure, T = absolute temperature
{15 marks)
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b) A sample of a polystyrene analyzed by the gel permeation chromatography

method provided the following data:

wit
Mol Wt. Range | fraction
{g/mal) W,

5,000-10,000 0.02

10,000-15,000 0.10

15,000-20000 0.18

20,000-25,000 0.29

25,000-30,000 0.26

30,000-35,000 0.13

35,000-40,000 0.02

Calculate the weight-average molecular weight M. and the number-average
molecular weight K/L Sketch a distribution curve (weight fraction versus molecular
weight) . Calculate the polydispersity index.

Note: N , = Avogadro number

NM.,=wnN,
2 NM,

M, ZN:'
. Yeom SNM:
Mo = S5re— = 2wM: = s

(15 marks)
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c) In your own words, briefly describe the viscoelastic behaviour of an amorphous

polymer.

(5 marks)

d) From the relaxation modulus vs. time at different temperatures for polymethyl
methacrylate shown below if it is required to construct a master curve at 115°C,
calculate log a, for shifting from the curve at 112°C at time 1 hour to 115°C by
using the WLF equation. Calculate the new time and compare it with the value

from the graph. Comment on the limitation of this principle.
-C,(T-T t

Note: loga, = 6 d-T) log -—
C, +(T-T,) t

where C, = 17.44 (dimensionless) and C, = 51.6 K

0

Tand T, = original and reference temperatures respectively

tand t, = original and reference times respectively

a; = shift factor

{10 marks)

1600

Felanalon modulus {MPay
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Relaxation modulus versus Time for PMMA
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e) Explain one mechanical model that can explain the stress relaxaticn behaviour
of real polymer, Write initial equations for total stress and total strain for such
model. Explain the occurrence of stress relaxation in terms of molecular
movernent.

{10 marks)

f) Sketch storage modutus vs temperature for two same crystalline polymers, one
with high degree of crystallinity and another with low degree of crystallinity.
Suggest the type of experiment that can be used to obtain this plot.

(5 marks)

Answers to Question 2
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In the extrusion process for polypropylene pipe, the extruder screw geometry is
as follows: axial flight land width 2.4 mm, channel depth 4 mm, screw diameter
150 mm, flight helix angle 17° and screw length 3000 mm. The screw speed is
150 rev/imin, and the pressure varies linearly over the screw length from the
hopper te the die. The leakage flow is negligible.

A rectangular die with dimensions W, = 20 mm, L, = 25 mm. and H_ = 2 mm.
is fixed 1o the end of the extruder. The screw metering zone and the annular die
temperatures are at 250°C and the melt viscosity and density at this temperature
are 1100 Ns/m° and 1200 I<g/m3 respectively. Calculate the extruder output and
die output in kg/h at pressures 20, 100, 250 and 350 MN/m®. Plot the
characteristic curves for screw and die where Q and P are in kg/h and MN/m”
respectively. Read the operating point on the graph. (N is Newton, MN is mega
Newton or 10° N)

For rectangular die, the die output is given by

A
12L, 7

A
He /

e
We

Qs

Rectangular Die Orifica

12
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Note:
Output = drag flow + pressure flow + leakage flow
output Q =Q, +Q, +Q,

(Tas @, uar Q HAnduau  FfAnnaumiaiu Q,)

drag flow Q, =%:fr2 D’ NHsin 8 cos 8

2
pressure flow Q, =_ME€

12 n dl
Iy .3
leakage flowQ, =- El;) ° tan gc;_l:
7e

N = screw speed, rpm
0= Humﬁm, helix angle
0 1ite C = 1899149551974 screw AU barrel ANHUWIFAN (radial screw clearance)
e = ANNT199D4 screw land MNKUALNY (axial flight land width)
H = aowanaasWuin@dan (flight depth)

D = diameter m#luaay barrel

T\ = viscosity 183 polymer melt
s = flight pitch, szaIzHwINAL9

(25 marks)
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a) Describe the film blowing process for producticn of LDPE bags.

{5 marks)

b) Give general specifications for an injection moulding machine.

{5 marks)

c) An injection mould has 6 cavities of cups with 2-inch diameter for each cup. The
polymer requires moulding pressure of 2 ton forcefin’. Estimate the minimum
clamping force of the injection machine.

{5 marks)

d) Ice-cream cups can be made by thermoforming process. Suggest the type of
polymer used, processing steps and temperature settings. Assume that the
polymer used has T_and T, about 100 °C and 240 °C, respectively.

(5 marks)

e) Give density values for LDPE and HDPE in g/crna. Compare density, clarity and
flexibility of the product made from the two polymers.

{2 marks)

f} Give two outstanding properties for polymethyl methacrylate, PMMA. Suggest
one type of product made from this polymer.

(2 marks)

g) Polystyrene can be formed into cups by thermoforming process. Comment on the
shape and thickness of the product,

(2 marks)

h) Give three forms of polyurethane products and one application for each form of
polyurethane.

(2 marks)
i) Melamine can be formed into tableware such as bowis. Comment on safety

aspects of this polymer. (2 marks)

End of Question
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