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- &b o o o = u
vaga lumsaaulnudumifa dsuanlusiefriimass uaeAnmaFau 1 manisinn

1. a) Describe production of homo-polypropylene and impact polypropylene by

BASF process.
{5 marks)
b) Give the reasons for the differences in transition temperatures for the following
pairs of polymers.
b.1) T, for polypropylene and polyacrylonitrile
b.2) T, for high moiecular weight polyethylene and poly (p-xylene} with
structure «(CH,-J-CH,)- where is a ring.

t.3) T, for cis-1,4-polybutadiene and trans-1,4-polybutadiene
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b.4) T, for (CH,CH,CONH)-. and ~(CH,CH,CH,CONH)-_
b.5) T, for polymethyl methacrylate and poly n-butyl methacrylate
{10 marks)
¢) What are the parameters used in determination of degree of crystallinity of a
solid palymer? How can you estimate the values of these parameters?
{5 marks)
d) Discuss the effect of cooling rate in the experiment for determination of Tg.
(5 marks)
e) Exptlain the folded chain model for a single crystal of polyehtylene.

(5 marks)

Answers to Question 1
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a) Describe the experimental steps used for determining viscosity-average
molecular weight ﬁ‘, of a polymer sample.
Describe how K/I_v is determined.
(10 marks)
) A sample of a polypropylene analyzed by the gel permeation chromatography

method provided the fellowing data :

M, w,
3,000 0.04
8,000 0.19
18,000 0.43
30,000 0.15
45,000 0.08
58,000 0.06
75,000 0.05

Calculate the weight-average molecular weight M. and the number-average
meclecular weight 1\_/1.1 Sketch a distribution curve {weight fraction versus molecular
weight) . Calculate the polydispersity index.

N , = Avogadro number

Z
il

{15 marks)
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c) Sketch and explain the time-temperatufe superposition principle cn a plot of
stress vs. temperature for a polymer which has T, of 273 K. Explain how the
amount of shift can be estimated.

{5 marks)
d) Explain a mechanical model that can explain the stress relaxation behaviour of
real polymer.
(5 marks)
e) Explain the experimental plot and the test method that can determine the
optimum amount of plasticizer in polyvinylchloride.
(5 marks)
f) Sketch and explain the plot of shear stress vs. strain rate for a real polymer
melt.
{5 marks)

Answers to Question 2
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In the extrusion process for polymenc pipe, the extruder screw geometry is as
follows. The axial flight land width is 2 mm, the channel depth is 10 mm, the
screw diameter is 120 mm, flight helix angle is 17° and the screw length is 1800
mm. The screw speed is 100 rev/min, and the pressure varies linearly over the
screw length from the hopper to the die. The leakage flow is negligible.

An annular die with dimensions D, = 15 mm, L, = 30 mm. and 50 =4 mm. is
fixed to the end of the extruder. The screw metering zone and the annular die
temperatures are at 220°C and the melt viscosity and density at this temperature
are 218 Ns/m® and 1420 kg/m3 respectively. Calculate the extruder output and
die output at pressures 15 and 30 MN/m’. Plot the characteristic curves for screw
and die using Q and P 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 annular die, the die output is given by

_7D, & AP,

U 12L, 7n
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Output = drag flow + pressure flow + leakage flow

output Q = QD + QP + QL
(o Q, war Q HAwtluay  HfrvNaun L Q,)

drag flow Q = % 7> D’ NHsin & cos 8

T 2
pressure flow Q, :-Md—f)

12 dl
2.3
leakage flow Q, =- ﬁ]? °_tan 9%
ne

N = screw speed, rpm
0 = yuin@un, helix angle
O vt C = 109919951914 screw 11U barrel AMNuWIFAH (radial screw clearance)
e = ANTNNY N8N screw land ANNLWILNY (axial flight land width)
H = mouantaefinaan (fight depth)

D = diameter Nela94 barrel

T = viscosity 984 polymer melt

s = flight pitch, szazfwnden

{25 marks)

Il
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4. a) Describe the thermoforming process for thermoplastics. Comment on
considerations and suggest for temperature seftings for one type of
thermoplastic.

(10 marks)
b) Give general specifications for an injection moulding machine.
(5 marks)
¢} Mcoulding temperature for polystyrene in an injection moulding process is 177-260
°C. Suggest temperature settings at the following zones: feed, middle, forward,
nozzle and mould in °C.

(5 marks)

End of Question

Answers tc Question 4

14



