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- 1. For a simple eutectic system of L -— o+, o
(a) draw the phase diagram of this system and then draw schematically the free

energy curves from high to low temperatures. S :
5 (b) Based on the Gibbs phase rile, determine the degree of freedom at eutectic

| point, in the L phase and in the two phase region of o + . T (20%)

2. For a binary system the solubility of A in B phase is 0.08 and B in o phase is 0.12.
Both'o and § phases obey the Henry’s law and no intermediate phase is present.
(a) Calculate the Henry’s law constants for both solutions.
{b) Draw the activities curves for both A and B. (20%)

3. Two P phase particles of radius r1and rp (11 > 1y Jare present in a matrix of o
phase. No other phase is present. Assume local equilibrium is reached near the
o/ interface. Determine the composition of o phase near the two particles by
drawing the free energy curves. Assume the temperature is high enough for
diffusion to occur, determine which particle will grow at the expense of the cther
and how the growth will oceur. (20%)

10L

3. Determine the maximum pressure of water vapor in wet hydrogen at 1 atm
- pressure in which chromitum can be heated without oxidation occurring at 1500

5 K. Is the oxidation of Cr by water vapor exothermic or endothermic? {20%)
1

4. Magnesium can be removed from Mg-Al liquid solutions by selectively forming
the chloride MgCl,. Calciilate the activity of Mg in the liquid Mg-Al system
which can be achieved at 800°C by reacting the solution with an Hy-HCI gas
mixture containing hydrogen at essentially 1 atm pressure and Pyey =105 atm

- to form pure liquid MgCl,. ‘ (20%)

20l | - _ .
2Cr(s) +3/2 Og(g) = CryOy5y AG® = -1120300 + 260 T Joules

B HZ(g) +1/2 Oz(g) = HZO(g) . AG®=-246000 + 54.8 T Joules
Mg(1) + Cly(g) = MgCly(yy - AG® = -605000 + 1254 T Joules
Ha(g) + Cly(g) = 2HCl(g) AG® = -182200 + 3.60 T InT <43.68 T . Joules
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i Physical Metallurgy ]
B (1) Give five planes which belong to [101] zone axis. . 10% "
(2) Explain the difference between elastic scattering and inelastic scattering, 10% !
5L T 45
(3) How to define the Burgers vector of a dislocation. 10%
R (4) Explain the term" slib system”, give three slip systems of a body-cubic crystal. -
: : ' 10% '
R -
i H . . - |
i (5) Discuss the effect of grain boundaries on the mechanical properties of ductile materials. |
‘ : o A 10% o
10 + ) ' : - 4o
| - (6) What is the driving force for recovery, recrystallization, grain growth and secondary -
recrystallization respectively. ' - 10%
- , | ]
(7 Give a schematic phase diagram of a binary system which has peritectic transformation
I' reaction. ' : S 10% 7
(8) In terms of atomic processes, explain the activation energy of diffusion. 10% -
150 _ ) B : _ [ 15
: : i
{9) Explain the following terms: 20%
(a) fatigue {b) creep (c) superplasticity - (d) superalloy
- () superconductivity (f)martensite (e) composite -
20L s ' 420
25| 125
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POLYMER PROCESSING (1998)

note: remember to define all the symbols used.
1. Answer briefly the following extrusion-related questions,

(a) why a short L/D die is preferred when using a profile die in the
extrusion process, where L is the equivalent length and D the

equivalent diameter of a die. The profile die is used for extruding

polymer products of irreguiar shape.
(b)  why along L/D die is preferred when using a circular die in the

extrusion process. The circular die is used for extruding, among many

examples, the polymer tubes and rods.

{c) what are the “lubrication approximations,” frequently used in the

flow analysis of polymer processing?
(d) Without using any mathematical equations, describe the flow

Phenomenon in the coathanger die used for extruding a sheet or flat

film in the extruder.
(e) What are the elastic effects in the capillary flows?

[25%, 5%/ ea)

Tectangular mold whosei width is much greater than'its thickness,
: i : . . : : . ‘.|u.%: A

{a} describe how and V\!*hy the fountain flow isformed.

(b} sketch the flow pattern (including the velocity profile and the
velocity gradient profile, along the thickness direction) in the
advancing front between the two parallel plates.

(c): describe the skin-core morphology of a crystallizable polymer

. injection molded by the above rectangular mold. .

(d)° same as {c) but for an amorphous polymer,

{e) describe how the "weld line" is formed,

2. During the mold filling, in an injection moldirig ptocess, of an'end gated

© [25%, 5% ea]

Polvmerivation -onr -

1) Compare the difference between emulsion polymerization and normal radica]

polymerization from the aspects of polymerization rate and molecular weight. (20

%)

2) What are the characteristic features of “living” polymerization 7 (15 %)

3) Cationic polymerization generally has a stronger dependence of its fina] properties
(such as molecular weight, configuration, et al.) on the reaction solvent used in

the synthesis step as compared with radical polymerization, why? (15 %)
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Styrene(ST)-butadiene(BD) block copolymers were synthesized by the ‘living polymer’ technigue using n—butyi

lithium catalyst in benzene at room température. ST/BD mole ratios in SBS were changed from 80/20 to 40/60, and
the samples expressed as SBS-1 to -5 as shown in Table 1. For a comparison, an icnic copolymer (IC) was synthesized
by polymerizing a mixture of the two monomers with a charged ST/BD mole ratio of 60,40, All the samples used were
- prepared so as to attain the attempted molecular weight of M,=1.55 x 105. The number average molecular weights ~
measured by the osmotic method are greater than the expected values. Temperature dependences of the dynamic
modulus (E) and the dynamic loss (") were measured by a direct-reading dynamic viscoelastometer. Despife the
5L changes in sequence length, each sample showed two E" peaks, as shown in Figure 1. In the ionic copolymer, however, 5
the low temperature peak shifted up to -60°C and high temperature peak down to 95°C. Stress/strain behavior was
observed by using a tensile tester at a strain rate of 0.5 cm/min at 25°C, under 65 per cent relative humidity. The
elongation at break and yield stress are shown in Figure 2 and Table 1. .
Stress relaxation behavior was measured using SB5, BSB, I1C and for a comparison, mono-dispersed PS as well as
™ polyblend by means of an Instron type tensile tester as shown in Figure 3. Measurements using BSB were not -
successful. Differences are noted in the longer time region rather than in the shorter time region. Impact strength values
of the copolymers are sumunatized in Table 1. The ST-BD block copolymers gave a sheet of complete transparency or
100 transtucency, despite the presence of two-phase system. Light transmittances exceed 50 per cent for all samples, a 10
very high value compared with that of polyblend (Table 1). The fine structures of the block copelymers were observed
under the electron microscope by using the osmium tetraoxide staining and hardening procedure developed by Kato.
An electron micrograph of an ultrathin section of compression-molded sheel of SBS (ST/BD muole ratio 60/40)y is. |
shown in Figuré 4. The dimension of the particles (stained black) seemed to vary from 300 to 350 A, although they are
not always sepatated from each other. Dimensions of the particles decrease with decreasing BD sequence length in 8BS -
block copolymers as shown in Figure 5. [M. Matsuo, T. Ueno, H. Horino, S. Chujya, and H. Asai, Polymer, 9, 425

(1968)]
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Tgh.'e 1. Properties of ST-BD block copolymers
—_——
B Samples  ST{BY mole ratios Elongn Light Impact Hear distert.. =
{charged) af break  fransmitiancel  strengh temperatiire§
- 102 7 “ °C -
. 5B5-1 80/20 12 75 05t 100
25 . 5BS-2 10/30 25 B 04t 87 25
B | ] L 1 1 ) ] $BS-3 60740 49 72 0.3t 66 “
-16¢ -120 -80 -40 1] 40 a0 120 5BS-4 50450 17 68 >2-9% 54
Temperature °C : 5B5-5 4050 >300 66 >2:9¢ 5
Figure J—Tempernture dependences of dynamic modulus £ and i 60740 2 57 L6t 82
dynamic loss (E7) for the SBS Lype block copolymers with varying -
B BD sequence length and 1C. Measured frequency {10 efs g??l;rsnercml . 30 o 7-g* 75 ]
- : ' Paolyblend §0/40 2 o 0-5¢ - o

Charpy impsct strengibh (kg cmiem?).

Dynstawe imoace valuz (kg cm),
B Average values of the light transmittances of 1 mm thick plares measured 21 the waveleapths of 400,
500. 600 aad 700 mu.
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Explain whythe measured My is-gfeate!ar than the
attempted My What is the principle of the osmatic
pressure method? Can we use other methods to
measure the molecular weight of these block,
copolymers? Why? (15%)

kR

5BS DP sequences are 720-350-720, 790-685-790,
1840-2450-1840, 1300-25680-1300, and 740-2240-
740, respectively. Identify their chemical composition
in ST/BD mole ratios. (10%)

Interpret the dynamic mechanical properties (Figure
1) in detail, such as: The heights of E" peaks and E'
varied with the compositions. Is jt changed as
expected? The peaks’ position of the ionic copolymer
shifted with respect to 5BS copolymers.  (15%)

Discuss the siress/strain relationships’ with varying
BD sequence length in Figure 2. Is there any
relationship between Figures 1 and 2?7 (15%)

From the stress relaxation spectra in Figure 3, explain
the relaxation time difference in the longer time.
(10%)

[nterpret the micrographsin Figures 4 and 5. (15%)

From the mole ratios, elongation at break, and impact
strength in Table 1, discuss their relationships and
heterogeneous two-phase systems. (20%)
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Figure Q—Strcss relaxation spectra of the ST-BD block copolymers as

compared with the blend of PC and PBD, and its component P8

Figure %, —Electron micrograph of an ultrathin section of a compressmn
moulded shest of SBS type block copolymer, showing spherical shapes of
BD sequences, (ST/BD mole ratio==60/40)
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Fr,'urc -—Electron mlcrographs of ultra:hm sactions of compression-

moulded sheet o: SBS type black copolymers. Effect of BD sequence length

under a given 'toml molecular weight. S’[‘}BD mole ratios; ‘left=80/20,
middle=70/30, tight=§0/40
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