CHAPTER V

RESULTS & DISCUSSIONS

Materials chosen in this work are two low molar mass liquid crystal in
phenyl-cyclohexylbenzoates group : HP35 and HPEN, and two polymerg. namely
polystyrene (PS) and poly(bisphenol A carbonate) (PC). Blends of polymers with .
low molar mass liquid crystals can be divided into 4 systems as follows:

SYSTEM I : Polystyrene & HP36
SYSTEM I Polystyrene & HPSN
SYSTEM II: Poly(bisphenocl A carbonate) & HP35
SYSTEM IV: Poly(bisphenol A carbonate) & HPSN

The results of the four systems were presented in this chapter. | DSC
thermograms were carefully analysed to get tra_nsition temperatures of the blends,
ie. glass transition temperature (T,), meiting temperature (T,). and mesophasic
transition temperature. The phase diagrams of four systems were constructed by .
observing the changing of transition temperatures of the blends. Scanning
electron microscope (SEM) pictures were used to confirm the phase behaviour in

the constructed phase diagram.
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5.1 Determination of Experimental Procedure

In this study, the method of solvent casting was used to prepare the film
blends. Pure PS and PC were also prepared in the same way and examined at
the same various annealed temperatures as studied for the blends. The T -s of
pure PS and PC prepared from the same procedure were used to compare with
the T -s of PS rich phase and PC rich phase in the blends.

The examples of transition temperatures as determined according to the
procedure given in section 4.4.b of the four systems: PS blended with HP35
(system I), PS blended with HPSN (system II), PC blended with HP35 (system II), -
PC blended with HP5N (system IV), were shown in Table 5-1,2,3,4 respectively. It
can be seen from each table that data obtained for each system from different
trials are reproducible and in good agreement with one another. Therefore, the
experimental procedure in chapter IV is suitable for preparing the blends and

measuring the transition temperatures.

Table 6.1 Transition temperatures of 25% by weight of HP36 with PS, which
annealed at 87°C, at the first and the second trials.

Trial | T, of PS rich phase | T, of HP36rich | Transition temp. (S—>N) |

No. in blends phase in blends of HP36 rich phase in
(o) (o) blends (‘C)
1 56.9 ' 80.5 86.8

2 96.6 B0.6 87.0
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Table 5.2 Transition temperatures of 15% by weight of HPSN with PS, which
annealed at 120°C, at the first and the second trials.

Tral | T, of PS rich phase T, of HP5N rich
No. in blends ‘c) phase in blends (C)
1 60.0 108.7
2 62.1 110.0

Table 6.3 Transition temperatures of 20% by weight of HP36 with PC, which
annealed at 120°C. at the first and the second trials. '

Trial | T, of PC T, of HP35 | Transition temp. (§—>N) | T, of PC rich
No. | rich phase | rich phasein | of HP35 rich phase in | phase in blends
} 0 o o 0
in blends{ C) | blends (C) blends { C) (C)
1 1121 80.9 86.0 2126
2 1146 81.2 87.1 2128

Table 5.4 Transition temperatures of 30% by weight of HPSN with PC, which
annealed at 10000, at the first and the second trials.

Trial | T, of PC rich phase T, of HP5N rich T,, of PC rich phase
No. in blends (C) | phase in blends (C) | in blends (C)

1 82.3 111.3 206.1

2 81.1 1115 204.2




5.2 Phase Diagram Construction Procedure

The measuring of glass transition temperatures (T)) of a polymer
blend is the \most commonly used method for determining its miscibility
[Oiarzabal, 1993]. It is clear that a miscible system will show the characteristic of
a single phase. Hence, a single T, intermediate of the components’ T; can be
expected for a miscible blend. In case of partial miscibility, two transitions that
shift closer to each other occur. The immiscible systems will show two separate
transitions with litile change from the transition temperatures of its pure
components. This method, however, can be used to study polymer mc:blhty as
long as the two T-s are at least 20°C different [Oiarzabal, 1993].

Due to the fact that the glass transition temperatures (Tg) of the low molar
mass liquid crystal used in this study cannot be observed even starting DSC scan
at -150 C. Only T, of the high molecular weight polymer part in the blends can
be detected. So the most commonly used method for determining polymer
miscibility by measuring the two T -s of the blend cannot be used in this study.

From the above reasons, it is necessary to look for a suitable method for
determining miscibility of the blends. Then? are two works that studied the
miscibility of the blends of which only the T, of the high molecular weight
polymer part in the blends can be detected. The first one was done by Huh, W. |
and Weiss, R. A. in 1983. In this work, two pair blends of polystyrene and two
low molar mass liquid crystal which are terephthal-bis-4-n-butylaniline (TBBA)
and N-(p-ethoxybenzylidine)-p-n-butyl-aniline (EBBA) were studied. The second
work was done by Patwardhan, A. A. and Belflore, L. A. in 1988. This work also
studied two pair blends which are poly(ethylene glycol)/p-hexyloxybenzoic acid
and bisphenol-A polycarbonate/p-pentyloxycinnamic acid. It was suggested in
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both works that if the T, of the high molecular weight polymer rich phase in the
blend drops down from pure polymer T, and the depression is related to weight
percent of low molar mass liquid crystal, i.e. increasing weight percent of low
molar mass liquid crystal lowers the T, of the high molecular weight polymer rich

phase from pure polymer T, hence, the blend is miscible in that concentration

range.

The miscibility of the blends studied in this work can be determined by
using the method of depression trend that was modified by the author from the
criteria of the method described in the two mentioned works. The detail of this
method are described belows: '

The Method of Depression Trand:

1. Plot the graph between the T, of polymer rich phase in the blend
versus the weight percent of low molar mass']iquid crytstal in the blend at each

annealed temperature.

2. Divide the blend miscibility into two regions based on the following

criteria.
2.1 Partially Miscible Regions (0)

If the T, of the polymer rich phase in the blend drops when
the weight percent of low molar mass liquid crystal is increased, the blend
between that weight percent interval is considered to be a partially miscible
region and is represented by symbol “0”.




2.2 Immiscible region ()

If the T of the polymer rich phase in the blend stays relatively
constant or increases when the weight percent of low molar mass liquid crystal is

increased, the blennd between that weight percent interval is considered to be

an immiscible region and is represented by symbol “s”,

Table 5-10 is the exemple of the different regions of the blend
miscibility as determined based on the above criteria.

3. Plot the graph between the annealed temperature and the weight
percent of low molar mass liquid crystal. Next, specify the region of blend
miscibility as obtained from step 2 into the graph (i.e. put down symbol “0" and
“+" into the graph at the appropriate annealed temperature and interval of weight
percent of low molar mass liquid crytsal). Hence, the phase diagram of the blend
is obtained.

The Gradient Method:

To create more detail phase diagram, the new method for constructing the
phase diagram was developed by the author. The newly created criteria of four -

regions in phase diagram are specified as the following:

Region AP : absolutely partially miscible region (o)
Reglon PP : possibly partially miscible region (+)
Reglon PI . possibly immiscible region ()

Region Al : absolutely immiscible region (+)
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This method is called the gradient method. Based on the same criteria
presented above, the miscibility determination was done by considering- the
decreasing of the T, of the high molecular weight polymer rich phass in the
blend. But the slope (or gradient value) of the T, versus weight percent of liquid

crystal was calculated. Then, the phase diagram can be divided into different

regions from these gradient values.

The gradient method is demonstrated by using it to construct the phase
diagram of system I: PS & HP35, |

The steps involved are as follows:

1. List the T s of the blends detected by differential scanning calori-
metry in table as shown in Table 5-5.

2. The slopes (or gradient values) of T, versus weight percent of liquid
crytsal are calculated at each weight percent interval and annealed temperature.
The gradient value is calculated as follow:

difference between Tg of the blends at adjacent composition
difference between %composition at adjacent composition

gradient value =

example:

| . 728—71b
gradient value (at 48 C, 5.0-7.2%composition) = 50—72
= -0.591

An example of calculated gradient values were shown in Table 5-6.
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3. The gradient values obtained are then used to divide the blend
miscibility into 4 different regions based on the_ criteria given in Table 5-7.

Table 5-8 is an example of different regions of blend miscibility (or phase
behaviour) as obtained from gradient values in Table 5-6 and criteria in Table 5-7.

4. Plot the graph between the annealed temperature and the weight |
percent of low molar mass liquid crystal. Next, specify the region of blend
miscibility as obtained from step 3 (i.e. put down symbol “0°, “+", “=", “«" into
the graph at the appropriate annealed tempearture and interval of weight percent
of low molar mass liquid crystal). Hence, the phase diagram of the blend is

obtained.

Figure 5-2 is the example of phase diégram as obtained by the gradient
method. |
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Table 65 The glass transition temperatures (T,) of PS rich phase in the blends of
HP36 and PS detected by differential scanning calorimeter (DSC) at

each annealed temperature and weight percent HP35 with PS.

Annseled temp.(C)} 48 | 54 | 65 | 80 | 87 | 100 | 120

5.0 728 712 716 721| 700 718 824
7.2 75| 644 e54 66| 668 696 a1.o|
10.2 645 606 611| 632 632 654 724
127 558 565 506| 592 592 61.9] 66.8|
15.2 707 567 675 600 575 555 632
19.8 657 556 632| 564/ 562 535 536
25.0 677 574 668 676 %69 68 566

Table 6-6 Gradient value calculated from data in Table 5-5.
Annealed terap.(C)| 1 48 | 54 | 65 | 80 | 87 | 100 | 120
Weight percent HP35

5.0-7.2 -0.591| -3.545| -2.818| -2.500] -1.488} -1.000| -0.636
7.2-10.2 -2.233| -1.267| -1.433| -1.133| -1.200| -1.400( -2.533
10.2-12.7 -3.600| -1.640| -0.600| -1.600| -1.600| -1.400( -2.640]|
12.7-15.2 5.960| -0.320 3.160| 0.320( -0.680] -2.560| -1.440)
15.2-19.8 -1.087| -0.022] -0.935| -0.738| -0.283| -0.435| -2.087
19.8-25.0 0.385| 0.348| 0692 0.231| 0.135 0.442 0.385
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Table 57 The criteria used for determining the phase behaviour of the blends from
the gradient value and the symbol of each region.

Phase behaviour Gradient velue o Represented
(tan®) (degree) Symbols
Absolutely partielly miscible Less than -1.000 0 <45 0
Possibly partially miscible | Between -0.500 to -1.000 | -26.57°> 0 >-45" +
Possibly immiscible More than -0.500 end | 48™> 0> -2657 -
’ less than +1.000
Absolutely immiscible More than +1.000 0> 4 *
12
:
n ——
&
E 1
2,
T £
h‘
— ; :

welght percent Jow molar mass liquid crystals

Figure 5-1 Schematic diagram that represented the angle (0) of miscibility. ©
represented absolutely partially miscible region. =+ represented possibly
partially miscible regl'dn. - represented possibly immiscible region. *
represented absolutely immiscible region.
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Table 6-8 Four regions divided from the gradient value of system I. PS & HP35.
o0 represents absolutely partially misible region, + represents possibly
partially misible region, - represents possibly immiscible region and *
represents absolutely immiscible region.

Annealed temp(C)| 48 | 54 | 65 | 80 | &7 | 100 | 120
Weight percent HP3!
5.0-7.2 -0.591(-3.546 | -2.818] -2.600 -1.455 -1.000] -0.636
+ 't ] (1] (] 0 (] +
72402 | -2.233! -1.267| -1.433| -1.133] -1.200| -1.400{ -2.533]
0 (1] 0 0 [ H] 0 0
10.2-12.7 -3.600| -1.640! -0.600| -1.600/ -1.600{ -1.400] -2.640
(4] 0 -+ 0 4] (4] 0
12.7-15.2 5.960! -0.320| 3.160| 0.320| -0.680| -2.560| -1.440|
% — E - + o 0
15.2-19.8 -1.087] -0.022| -0.935| -0.783| -0.283] -0.435| -2.087,
0 - + + - - 0
19.8-25.0 0.385| 0.346| 0.692| 0.231] 0.135| 0.442| 0.385
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clearing point of HP36 at 176 C
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Figure 5-2‘ Phase diagram aﬁ low concentration of system I PS and HP35 conéuucted
by gradieﬁt method. O represents a.bsolutely partially miscible region. +
represents possibly partially miscible region. ~ - represents possibly
immiscible region. * represents absolutely immiscible region and

represents phase separation line.
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The interval of gradient value shown in Table 5-7 for each miscibility
region came from carefully monitoring the gradient obtained from the
experiments. Minus sign of gradient velue indicates that the T, decreases from
the T at the adjac.ent lower weight percent of the low molar mass liquid crystal.
From the empirical studies, it can be suggested that gradient value of less than
-1.000 indicates that the T s clearly drops down. Plus sign of gradient value
indicates that the T increases from the T, at the adjecent lower weight percent -
of the low molar mass liquid crystal. From the empirical studies, it can be
suggested that gradient value of more than +1.000 indicates that the T evidently

increases.

Thus, the absolutely partially miscible region (o) is designated as the
region where the gradient value is less than -1.000 and the absolutely immiscible
region () is designated as the region where the gradient value is greater than
+1.000.

Based on the same general concept above, the possibly partially miscible
region (+) is then designated as the region where the gradient value isbétween
-0.500 to -1.000. This depression is less than the absolutely partially miscible

region.

The possibly immiscible region (-) is then designated as the region where

the gradient value is between -0.500 and +1.000.

The gradient method can provide more detail about the blend miscibility
than the method of depression trend. This can be seen from two more regions
obtained in the gradient method, i.e. possibly partially miscible region (+.) and
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possibly immiscible region (~). These two regions are classified as gray area.
The gray area means that the gradient value in both regions cannot clearly
separate the condition of miscibility in the blends to be either absolutely partially
miscible or absolutely immiscible. These gray areas cannot be determined by the
method of depression trend. Hence, this is an advantage of the gradient method.
Another advantage is that the phase diagram can be constructed using

mathematical method and with the utilization of computer.

However, the phase diagram constructed by the method of depression
trend can be determined from the direct observation of the experimental results.
No calculation is needed. Hence, the advantage of the method of depression
trend is that the construction of phase diagram can be done more easily and
faster than the gradient method.

Both method of depression trend and gradient method presented above were
applied to construct the phase diagrams of all systems studied in this work.
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5.3 SYSTEM I: Polystyrene & HP35

The phase diagram of system I: PS & HP35 was constructed only at low
concentration range of HP36. The blends at 6.0, 7.2, 10.2, 12.7, 15.2, 19.8 and 25.0
percent by weight of HP35 with PS were prepared by the method described in
section 4.3. The phase behaviour at various annealed temperauueg, ie. at
temperatures lower than T, of HP35: 480°C, 54.0°C and 65 C, at T,, of HP36: 80 .
oC. at Tg—yy of HP35: 87°C, and at temperatures higher than T, of pure PS: 100°C
and 120°C, was studied. Phase behaviour was studied by measuring the

transition temperatures of the samples with differential scanning calorimeter

(DSC).

The transition temperatures of the blends detected by differential scanning
calorimeter (DSC) were shown in Table 5-9 and examples of DSC thermograms of
10 percent by weight of HP35 with PS,which annealed at 80°C, and 20 percent by
weight of HP35 with PS, which annealed at 1OQ°C, were shown in Figure 5-3.

5.3.1 Effects of HP35 on Polystyrene (PS)

From Table 5-9, it can be seen that the glass transition temperatures
(T,} of PS rich phase in the blends at each weight percent of HP35 and annealed
temperature used in the experiment were depressed from the T, of 100% PS (0
percent by weight of HP35 with PS). This phenomenon proved that HP35 can act

as a plasticizer of PS.
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Table 6-9 Transition temperatures detected by differential scanning calorimeter
(DSC) of system I : PS & HP35.

Annealed temp. | % by weight T, of PS rich T, of HP35 | Transition temp.
(o) HP35 phase in blends | rich phase | (S—>N) of HP35
(c) inblends | rich phase in
(c) blends ('C)
48 0.0(100% PS) 81.7 . -
5.0 72.8 - -
7.2 71.5 - -
10.2 64.8 - -
12.7 55.8 82.3 86.2
15.2 70.7 - 83.3
19.8 66.7 - 85.5
26.0 67.7 82.7 86.9
54 0.0(100% PS) 81.8 - -
5.0 71.2 - -
7.2 64.4 - -
10.2 60.6 - -
12.7 | B65- 82.3 86.2
15.2 56.7 81.0 86.2
198 56.6 80.9 86.2°
25.0 57.4 82.0 86.6
65 0.0(100% PS) 79.0 - -
5.0 71.6 - -
72 65.4 - -
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Table 59 Transition temperatures detected by differential scanning calorimeter
(DSC) of system I : PS & HP35. {continued)

Annealed temp. | % by weight T, of PS rich, | T,, of HP36 | Transition temp.
o) HP35 phase in blends | rich phase | (S—>N) of HP35
(c) | inblends | rich phasein
(c) blends ('C)
65 102 61.1 . -
12.7 59.6 82.1 86.2
16.2 675 825 86.3
198 63.2 81.3 86.9
25.0 66.8 81.3 86.7
80 0.0(100% PS) 817 . -
5.0 72.1 . -
7.2 - 66.6 - .
10.2 63.2 - -
12.7 59.2 - 85.8
15.2 60.0 82.8 '86.3
198 56.4 82.7 86.6
25.0 57.6 82.8 87.0
87 0.0(100% PS) 82.1 - -
5.0 700 - -
7.2 66.8 - :
10.2 63.2 - -
127 59.2 82.1 86.5
15.2 57.5 82.7 87.3
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Table 6-9 Transition temperatures detected by differential scanning calorimeter
(DSC) of system I : PS & HP35. (continued)

Annealed temp. | % by weight T, of PS rich T,, of HP35 | Transition temp.
Co) HP35 phese in blends | rich phase | (S—>N) of HP35
Cc) in blends rich phase in
(o) blends ('C)
87 198 56.2 81.0 86.7
250 56.9 80.5 86.8
100 0.0(100% PS) 81.0 - -
5.0 718 - -
7.2 69.6 - -
10.2 65.4 - -
12.7 61.9 81.4 86.5
15.2 5b.5 80.6 86.0
198 535 79.7 86.3
250 56.8 79.2 ‘ 86.2
120 0.0{100% PS) 90.0 - -
5.0 82.4 € -
7.2 81.0 - -
10.2 734 - -
12.7 66.8 - -
16.2 63.2 82.0 86.0
19.8 53.6 81.5 86.5
250 b5.6 81.6 .-86.7
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5.3.2 The Transition Temperatures of HP35 in the Blends

From Table 5-9, it can be seen that the melting temperatu:-e (T,) of .

HP35 rich phase and the transition temperature (S—>»N) of HP35 rich phase in .
the blends were not observed at the annealed temperatures of 48°C, 54°C. 65°C,
80°C, 87°C and 100°C for the weight percent of HP35 between 5.0-10.2. At 120°C
annealed temperature, the melting temperature (T,) of HP35 rich phase and the
transition temperature (S—>»N} of HP36 rich phase in the blends were not
observed between 5.0-12.7 weight percent of HP35 with PS. These results should
be due to the low content of HP35 in the blends that it can not be detected by
differential scanning calorimeter (DSC) or HP35 in the blends were almost
absolutely miscible with PS. This needs to be further proved.

However, the T of HP35 rich phase and the transition tampérature (S
—>»N) of HP35 rich phase in the blends that were detectable in the experiments,
as shown in Table 5-9, were quite consistent with the T, of pure HP35 (80 C)
and the transition temperature (S—>N) of pure HP35 (87°C). respectively. As
predicted by Nishi-Wang equation [Olabisi, 1979], the crystalline melting
temperature that does not change implies that the system has the immiscible
characteristic. Hence, these results suggested that at these concentrations and

annealed tempeartures the HP35 was immiscible with PS.
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5.3.3 Phase Diagram Construction of System I: PS & HP35

Phase diagram constructed in this study is the phase diagram at low
cox_xcentration of HP36. There are two methodg used to construct phase diagrams
in this study. The first method is the method of depression trend. The second
method is the gradient method. The details of these two methods were already '
described in Section 5.2: phase diagram construction procedure.

5331 Phase Diagram Constructed by the Method of Depression
Trend of System I. PS & HP35

To clearly monitor the relation between weight percent of
HP356 with PS and T, of PS rich phase in the blends at each annealed
temperature, Figure 5-4a and Figure 5-4b were made. The relation that can be

drawn from these figures were shown in Table 5-10.

Phase behaviour of the blends, in which the T, of PS rich
phase is decreased when the weight percent of HP35.with PS is increased, were
determined as partially miscible and represented with o symbol. For the blends
that the T, of PS rich phase are quite constant or T, is‘increased, phase
behaviour were determined as immiscible, and represented with * symbol. The
phase diagram that was constructed by the method of depression trend was
shown in Figure 5-5.
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Figure 54a Glass transition temperatures depression in the blends of system I
PS & HP35 annealed at 48°C, 54°C, 65°C and 80 C.
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Figure 5-4b Glass uansiﬁon temperatures depression in the blends of system I
PS & HP36 annealed at 87°C, 100°C and 120°C.
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Table 510 Relation between the T, of the PS rich phase in the blends and

weight percent HP35 with PS.
Weight percent HP35
Annealed temp. Decreasing T, Increasing T or
{e) o constant T
*
48 5.0-12.7 12.7-15.2
15.2-19.8 19.8-25.0
b4 5.0-16.2 15.2-26.0
65 5.0-12.7 12.7-16.2
15.2-19.8 19.8-26.0
80 5.0-12.7 12.7-16.2
15.2-19.8 19.8-25.0
87 5.0-156.2 15.2-25.0
100 5.0-16.2 15.2-26.0
120 5.0-19.8 19.8-26.0
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clearing point of HP36 at 176°C

140

’ AN P AL I
120 ..........,E ........... :Q.....,E.O...E,...O. ..... .?.....-é....@ ...... ;::;,#....:......;,...._..;......

100 --onfrenasafenees o BB N, RIS WO A SRR AR IS S S o

Y
I o 1

S 16N of HP35 at B7 C
——0 .0 G-~ et

80 nJ={=n*H

T, of HPBBat80C | G s P D

¢ io | o

T, QS EUURHE SR FUP: J
H
H
&
h
-
} i
i i i i ] ] ] i i i
20 t + 1 T T T 1 T T 1 1 T

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

weight percent HP35

Phase diagram at low concentration of system I PS and HP35
constructed by method of depression trend. o represents partially
miscible region and = represents immiscible region. And -----

Tepresents phase separation line.




80

5332 Phase Diagram Constructed by the Gradient Method of System
I. PS & HP35

The gradient method procedure, which is used to construct
phase diagram of system I : PS & HP35, was already described in Section 5.2.
The phase diagram of system L PS & HP35, shown in Figure 5-2, was

constructed as an example in that section.

In this study, only the blends at low concentration of HP35 has
been examined. So, the constructed phase diagram is the phase diagram of the
low concentration side of HP35. Both phase diagrams of system I constructed by
the method of depression trend es shown in Figure 5-56 and the gradient method
as shown in Figure 5-2 seem to show the behaviour of the upper critical solution
temperature (UCST) i.e. when the temperature is increased, the miscibility of the
blend increases (Paul and Newman, 1978). There were different regions identified
from the two methods at some points due to more details of the gradient method.
The partially miscible region (o) in the method of depression trend can be
divided to be the absolutely partially miscible region (0) and the possibly partially -
' miscible region () in the gradient method. In the same way, the immiscible
region (#) in the method of depression trend can be divided to be the absolutely

immiscible region (s} and the possibly immiscible region (=) in the gradient

method.

The phase boundaries in both phase diagrams represent the
phase separation line but it cannot exactly divide the partially miscible region
from the immiscible region. However, this boundary is the best possible
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estimation and it shows that only small amount of HP36 (up to 12.7 weight
percent) can be dissolved in PS.

5.3.4 Scanning Electron Microscope (SEM) of System I: PS & HP35

Scanning electron micrograph of 10 percent by weight of HP35. with
PS, which annealed at 87°C, and 25 percent by weight of HP35 with PS, which
annealed at 100°C, were shown in Figure 5-6 and Figure 5-7, respectively.

Sample of 10 percent by weight of HP35 with PS, which annealed at
87°C. rovealed a lamelia structure with the distribution of HP3 as small beads.
This was considered to be the partially miscible phase behaviour of the blends
which consisted of two phases. The two phases are the beads of undissolved
HP35, and the amorphous of PS with dissolved HP35 as shown in Figure B-6h.
Phase separation can be seen in 25 percent by weight of HP35 with PS, which
annealed at 100°C. It revealed three distinct phases as shown in Figure 5-7. The
three phases were likely be to be the beads of HP35, the pure PS and the gray
amorphous of PS with the dissolved HP35. |

The SEM results were in agreement with the DSC results that 10
percent by weight of HP35 with PS, which annealed at 87°C, showed partially |
miscible blends and 25 percent by weight of HP3b with PS, which annealed at
100°C, showed immiscible blends. Hence, the scanning electron micrographs can
be used to confirm the phase diagrams predicted from DSC results with the
developed methods in this experiment.
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(b)

Figure 5-6 Scanning electron micrograph of 10 percent by weight of HP35 with
PS, which annealed at 87 C. (a) the lower magnification (x100). (b)
higher magnification (x750).
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Figure 5-7 Scanning electron micrograph (x1500 magnification) of 25 percent by
weight of HP35 with PS, which annealed at 100°C.



5.4 SYSTEM II: Polystyrene & HP5N

The blends at low concentration of HPSN (2.7, 5.0, 10.0, 156.0, 19.8 and 25.1
percent by weight) with PS were prepared and their phase behaviour . were
examined at various annealed temperatures, which are the same as in the system
I PS and HP35, ie. at 48°C, 54°C, 65°C, 80°C, 87°C, 100°C and 120°C.

The transition temperatures of the blends detected by differential scanning
calorimeter (DSC) were shown in Table 5-11 and examples of DSC thermograms of
2.7 percent by weight of HPSN with PS, which annealed at 100°C, and 10 percent
by weigth of HPSN with PS, which annealed st 65 C were shown in Figure 5-8.

5.4.1 Effects of HPEN on Polystyrene (PS)

From Table 5-11, it can be seen thgt the glass transition temperatures
(T,) of PS rich phase in the blends at every weight percent of HPSN with PS and
annealed temperatures used in the experiment were depressed from the T, of _
100% PS (0 percent by weight of HP5N with PS). This phenomenon proved that
HPSN can act as a plasticizer of PS.

5.4.2 The Transition Temperatures of HPGN in the Blends

The melting temperature (T,) of HPSN cannot be detected at 2.7
percent by weight of HPSN with PS, at any annealed temperatures, except at 120
°C, the T_. of HP5N can be detected only at 15.0, 19.8 and 25.1 percent by weight
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Table 5-11 Transition temperatures detected by differential scanning calorimeter
(DSC) of system 1I : PS & HP&N.

Annealed temp. | % by weight T, of PS rich T, of HP6N
(°C) HPSN phase in blends | rich phase in
¢c) blends (‘C)
48 0.0(100% PS) 81.7 -
2.7 773 :
5.0 57.6 1115
10.0 67.9 114
150 50.7 1115
19.8 50.7 1083
25.1 489 1116
54 0.0(100% PS) 81.8 :
27 772 -
5.0 59.0 1112
10.0 64.7 1114
150 56,7 10738
19.8 865 108.1
25.1 616 111.1
65 0.0(100% PS) 79.0 .
2.7 720 .
5.0 604 1113
10.0 67.9 111.1
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Table 5-11 Transition temperatures detected by differential scanning calorimeter
(DSC) of system I ; PS & HP5N. (continued)

Annealed temp. | % by weight T, of PS rich T, of HP6N
(c) HPEN phase in blends | rich phase in
(C) blends ('C)
65 16.0 60.7 107.7
198 64.1 108.3
25.1 66.5 1116
80 0.0(100% PS) 81.7 -
2.7 748 .
5.0 60.0 111.7
10.0 68.1 1114
15.0 61.6 107.5
198 64.3 1085
251 64.8 111.1
87 0.0(100% PS) 82.1 -
2.7 788 -
5.0 63.9 111.1
10.0 67.1" 114
15.0 61.4 107.3
19.8 66.4 108.5
261 63.6 1105




(DSC) of system 1I : PS & HP5N. (continued)

Annealed temp. | % by weight T, of PS rich T, of HPSN
(°C) HP5N phase in blends } rich phase in
Co) blends (QC) '
100 0.0(100% PS) - 81.0 -
2.7 75.9 -
5.0 67.3 111.2
10.0 68.9 111.7
16.0 62.8 108.1
19.8 65.5 108.6
25.1 71.7 1119
120 0.0(100% PS) 90.0 -
2.7 79.6 -
5.0 68.3 -
10.0 78.8 -
15.0 600 108.7
198 65.9 109.6 -
25.1 659 1116

87

Table 5-11 Transition temperatures detected by differential scanning calorimeter
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of HP6N with PS. This might be due to the low content of HP6N in the blends
which made the T, of HPSN rich phase not gletecpable by differential scanning
calorimeter (DSC) or HPEN in the blends was almost absolutely miscible with PS.
This needs to be further proved. '

However, the T, of HPEN rich phase in the blends that were detectable in
these experiments (as shown in Table 5-11) did not vary much from 111°C (T, of
pure HP5N). As predicted by Nighi-Wang equation [Olabisi, 1979}, the crystalline
melting temperature that did not change implies that the system has the
immiscible characteristic. = Hence, these results suggested that at these

concentrations and annealed tempeartures the HPbN was immiscible with PS.

54.3 Phase Diagram Construction of Systam II: PS & HP6N

Phase diagrams constructed by the method of depression trend and |

the gradient method were presented below.

5.4.3.1 Phase Diagram Construction by the Method of Depression
Trend of System II: PS & HP5N

To clearly monitor the relation between weight percent of
HPSN with PS and T, of PS rich phase in the blends at each annealed
temperature, Figure 5-9a and Figure 5-9b were made. The relation that can be

drawn from these figures were shown in Table-5-12.




980 .

85

glass transition temperature (deg. C)

45 1

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

weight percent HPSN

—e— annealed at 48 deg. C -@- annealed at 54 deg. C

—a— annealed at 65 deg. C —x— annealed at 80 deg. C

Figure 5-9a Giass transition temperatures depression in the blends of system II:
PS & HPSN annealed at 48°C, 54°C, 65 C and 80 C.
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glass transition temperature (deg.C)

50

-

—
-
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0 2 4 6 B 10 12 14 16 18 20 22 24 26 28 30

weight percent HPSN

—e— annealed at 87 deg. C -a— annealed at 100 deg. C

—a—annealed at 120 deg. C
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Figure 5-9b Glass transition temperatures depression in the blends of system I
PS & HP5N annealed at 87°C, 100°C and 120 C.
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Table 612 Relation between the T, of the PS rich phase in the blends and |

weight percent HPSN.with PS
‘Weight percent HPSN
Annealed temp. |  Decressing T, | Increasing T, or
(c) o constant T,
‘ * :
48 27-5.0; 10.0-160 | 6.0-10.0; 16.0-25.1
64 | 2760,100-160 |50-10.; 16.0-25.1
65 2.7-6.0; 100-150 | 5.0-10.0; 16.0-25.1
80 2.7-6.0;100-160 | 6.0-10.0; 16.0-25.1
87 - 2.7-60;10.0-160 | 5.0-10.0; 16:0-19.8
19.8-25.1 '
100 2.7-6.0; 10.0-160 | 50-100; 16.0-19.8
120 2.7-5.0;10.0-160 | 6.0-100; 15.0-198-
19.8-26.1
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Phase beha\nour of the blends, in which the T, of PS is
.decreased when the we1ght percent of HPEN with PS is increased, were

determined as partially miscible and represented with o symbol. For the blends
‘that the T, of PS are quits constant or T, is increased, phase behaviour were
detenmned as nmmsc:lble and represented with * symbol ‘The phase diagram

that ‘was construchad by t.he method of depression trend was shown in Figure b- ‘
10,

64.3.2 Phase Diagram Constructed by the Gradient Method of System
I. PS & HPEN |

~ The gradient method construction procedure was described
préviously in section 5.2 (phase diagram construction procedure). The T, of PS
rich phase in the blends were reported in Table 5-13. Then, the gradient values
‘were calculated as shown in Table 8-14. Phase behaviour of the blends were
determined from gradient values which can be divided into four regions based on
the criteria in Teble 5-7. In Table 5-15, symbol that represented each phase
‘behaviour was shown. The phase dzagram of sysuém I: PS and HPSN was
constructed as shown in Figure 56-11. -

Both phase diagrams of system II: PS and HP5N from the method of
depression trend (Figure 5-10) and the gradient method (Figure 5-11) were
constructed at low concentration range of HP5N. In both phase diagrams the
partially miscible region can be clearly seen at the left side (2.7-5.0 percent by
‘weight HPEN). The phase behaviour at which the percent by weight of HPEN is
‘more than 5.0 are immiscible. So, phase separation hne should start at this -
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Figure 5-10 Phase diagram at low concentration of system II. PS and HPSN
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~ concentration. However at 10.0-15.0 percent by weight, the pamally 'miscible
regioh‘can be clearly Observed And beyond this cdneentratiori (from 16 percent
by weight upward), the Jmmiscible reglon "appeared -again. Therefore, three
phase boundary lines were drawn in this phase dlagram This beha\nour of
.phase dlagram does not follow any typlcal phase behavmu: as shown in hgure 3-
2 (with respectj. to the data available from this study). Hence, one plausible and
simple éxplanation for this observed phase behaviour is that it was the nature of
this blend between PS and HPSN.

There were dlfferent reglons identified from the two methods
'at some points in dJagram due to more details of the gradient method. The
pama]ly miscible region (0) in method of depressmn trend can be divided to be
the absolubely pa:hally miscible region (o) and the possxbly pa:nally miscible |
| region () in the gradmnt-method. In the same way, the immiscible region (+) in
the method of depression wend can be divided to be the absolutely immiscible
region (+) and the possibly immiscible region (=) in the gradient method.
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Tabh 5-13  The glass transition temperamxes (T,) of PS rich phase in the blends
of HPSN & PS detected by differentiel scarming calorimewr (DSC) at
each annealed temperatu:_e and weight percent HPSN with PS.

Anneeled emp.()| 48 | 64 | 65 | 80 | 87 | 100 | 120°
‘ 'Weibht percent :
27 | 713 72| 720| 748 758 759 798
50 | 676 590 604| 60.0] 639] 67.3] 683
100 g79| 647 679 e81| 67.0| 89| 788
150 | 607| 657 607| 616| 614 628 600]
19.8 | 507 s65| 641| 64.3] 664 656 659
25.1 489| 616 656 648 636 77.7] 669
Table 6-14 Cradient value of system Il PS & HPSN.
Annsaled temp(0)| 43 | 54 | 65 | 80 | 87 | 100 | 120
|Weight percent
2760 8,565 -7.913) -5.043| -6.436] -6.174] :3.739| -4.913
5.0-10.0 2.060| 1140 1.500| 1620 0.620] 0.320| 2.100|
100160 | -3.440] -1.800| -1.440 -1.300] -1.120[ -1.220] -3.760)
16.0-19.8 0.000| 0167 0.708| 0662 1.042| 0.563| 1.229]
1908251  |-0340] 0.962 0264 0,094 -0.628] 2302} 0.00)
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Table 6-16 - Four : reg10ns d1v1ded from gradlent value of system II: PS & HPGN. o
represents absolutely pamal]y misclble reglon + represents possibly

pama}]y m:scible reglon - represents possibly imnuscible region and
- # represents absolutely immiscible region.

Annealed temp(0)| 48 64 | 66 | 80 | 87 | 100 |-120

Weight percent

2760 - |-8665|-7.913 -6.043|-6.435 |-6.174-3.739 4.913
ol 0o]lo|lo|o|o]o
60100 |2.060 | 1.140 | 1.500 | 1.620 | 0.620 | 0.320 | 2.100
' % k[ % | % - - %
100150 |-3.440(-1.800|-1.440|-1.300|-1.120|-1.220|-3.760
ol o|lo|ojololo
16.0-19.8 0.000 | 0.167 | 0.708 | 0.562 | 1.042 | 0.563 ] 1.229
- - ~ - * - *
198261  |-0.340] 0962|0284 | 0.094 |-0.628| 2.302 | 0.000
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Figure 8-11 Phase diagram at low concentraltion of system II. PS and HPSN
constructed by gradient method. O represents absolutely partially
miscible region. + represents possibly partially miscible region. - ‘
represents possibly immiscible region. s r1epresents absolutely
immiscible region, ---------- represents phase separation line and
~—+=——— represents contour line of possibly mjscibl_e in
immiscible region. | | .




544 Scanning Electron Microscope (sm) ofSystem I: PS & HPEN '_

* Scanning electron 'micfograph- of 5 percent by weight of HPSN ‘wit.h'PS
whmh annealed at 100 C and 20 peroent by welght of HPSN w:th PS, whmh
annealed at 100 C, were shown 1n Flgu:e 5-12 and Flgure 5-13 respecnvely

_ Sample of 6 percent by weight of HP5N mth PS, whxch annealed at

100" C, revealed small particles distributed in gray area of the texture as shown in

_Figure 6-12, Tlns was considered to be the parhally miscible phase behevxour of
‘theblendswh:choons:suedoftwophases Theﬁmtphasewasmosthke]ytobe
t.hebeadsofHPSN 'I’hesecondphase whlchwasthegraytexturemthe

picture, was_ most likely to be the amorphous blend of PS and HPSN. This was in '

‘agreement with phase behaviour determined from DSC resuls.

Phase behaviour of the sample of 20 peroent by weight of HP6N with

'PS determined from DSC results was immiscible. Th:s was in agreement with

the SEM resul_ts in Figure 5-13 that revealed three distinct phases. The first

phase was the fine grains distributed in the texture and most likely to be the

unmixed PS. The second phase was a HPSN crystal at left side of the picture

and the third phase was the gray area in the texture which was most likely to be
the amorphous blend of HPEN with PS.
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Figure 5-12 Scanning electron micrograph of 5 percent by weight of HP5N with PS,
which annealed at IGI]DC. (a) the lower magnification (x750). (b) the

higher magnification (x1500).
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Figure 5-13 Scanning electron micrograph of 20 percent by weight of HPSN with PS,
which annealed at 100°C. (a) the lower magnification (x750). (b) the
higher magnification (x1500}.
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6.5 SYSTEM IIl: Poly(bisphenol A carbonate) & HP35

'The phasé diagram of system II: PC & HP35 was const:uctad. only at low
concentration part. The blends at low concentrations: 5.2, 10.0, 16.0, 20.0, 25.0
and 30.0 percent by weight of HP35 with PC, were pfepa:ed and their phase
behaviour were studied at various annealed temperatures, i.e. at temperatures
lower than T of pure PC: BOOC, 80°C, 100°C and 120°C, at temperature nearly T,
of pure PC: 140°C, end et temperature higher then T, of pure PC: 170 C.

The transition t.emperatmes of the blends detected by differential scanning
calonmete: (DSC) were shown in Table 5-16 and examples of DSC thennograms _
of 5 percent by welght of HP36 with PC, which annealed at 60 °C and 20 percent
by weight HP35 with PC,which annealed at 170 C, were shown in Figure 5-14.

6.5.1 Effects of HP35 on Poly(bisphenol A carbonate) (PC)

From Table 5-16, it can be seen that the glass transition temperatures
(Té) of PC rich phase in the blends at each weight percent of HP35 and annealed
temperature used in the experiment were depressed from the T, of 100% PC (0
percent by weight of HP35). This phenomeﬁon proved that HP35 can act as
plasticizer of PC. .

From 15 weight percent of HP36 with PC to other higher HP35
concentration, the melting temperature (T,) of PC rich phase can be observed.
The appearance of the melting peaks should be due to the content of HP3b in the




'rable 6-16 Transihon temperatures detected by differential scanmngr calorimeter

(DSC) of system III : PC & HP35,
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% by weight

Transition temp.

| Annesled T, of PC | T,, of HP35 T, of PC
temp. HP35 rich | rich phase | (S—>N) of HP35 rich
() | phase in | inblends | rich phasein | pahse in
blends o) blends ('C) | blends
(c) N | o
680 [0.0(100% PC) | 1446 - - -
52 122.9 - - .
10.0 105.5 - - -
15.0 92.1 - - 12136
20.0 112.2 81.2 86.8 212.9
25.0 1196 81.1 86.7 211.2
30.0 117.7 815 87.1 2115
80  |0.0(100% PC) | 1449 - - -
5.2 1232 - - -
10.0 102.4 - - -
15.0 84.2 3 : 2115
20,0 78.4 - 85.9 2136
250 1195 815 87.1 2121
30.0 115.2 81.4 86.9 209.7
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| Table 5-16 Transition temperatures detected by differential scanning calorimeter
(DSC) of system I : PC & HP35. (continued) |

% by weight | T, of PC_ | T,, of HP35 | Transition temp. | T,, of PC
" temp. HP35 rch | rich phase | (S—N) of HP35 | rich
(°C) phase in | in blends rich phase m phase in
blends (o) blends Cc) | blends
o ¢c) | (o
100 | 00(100% PC) | 1447 - - -
| 6.2 1218 - - .
10.0 1000 - - -
' 16.0 896 80.9 - 213.2
200 1189 80.4 86.6 212.7
250 1183 B1.9 86.9 2114
30.0 125.0 813 86.9 210.2
120 | 0.0(100% PC) | 145.1 . - -
| 6.2 120.7 - - -
100 101.2 82.3 82.8 -
15.0 89.4 B1.1 - 212.3
20.0 112.1 80.9 86.0 2126
25.0 1111 81.5 87.1 212.7
30.0 117.7 80.9 87.1 L2110
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Teble 6-16 Transition temperatures detected by differential scanning qaomneter _

- (DSC) of system III : PC & HP35. (dontinued)

Anneeled | % by weight | T, of PC | T, of HP35 | Transition temp. | T,, of PC
temp. HP35 rich | rich phase | (S—>N) of HP35 | rich
(OC) phase in | in blends .ﬂch phase in | phase in
blends ‘o) blends (C) ) blends
(o) S (o)
140 | 0.0(100% PC) | 1442 3 - -
5.2 1205 N\ .
100 102.4 ARY ) - .
16.0 §7.8 81.1 . 212.3
20.0 103.9 81.3 86.9 2126
25.0 1101 81.2 86.8 2101
30.0 115.2 81.6 86.6 208.3
170 | 00(100% PC) | 1448 a - -
5.2 1215 - : -
10.0 10341 - B .
16.0 862 ] ) 2141
20.0 1128 8004 | 82 2127
25.0 1128 814 876 213.1
30.0 1169 81.6 87.2 ' 200.4
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blends. The T, of PC rich phase did not vary much from 210°C the T,, of pure
" PC). As predicted by Nishi-Wang equation [Olabisi, 1979], the crystalline melting
temperature that did not chaﬁge implies that the system has the immiscible
characteristic. Hence, these results suggested that at these cbncent:ations and
‘aﬁnealéd'telznpeartures the HP36 was ilhnljscjb}e with PC.

652 The Transition Temperatures of HP35 in the Blends

The melting te'mperatiue' (T,) of HP35 rich phase and the transition
| temperature (S—>N) of HP35 rich phase in the blends cannot be observed in DSC
t.hennograins at low weight percént HP35 with PC as shown in Table 5-16. The
disappearance of transition températures (S—>N) of HP35 rich phase in the
blends should be due to low content of HP35 in the blends such that it cannot be
detected by DSC or HP35 in the blends were almost absolutely miscible w1th PC.
The T,, of HP36 rich phase and the transition temperature (S—>N) of HP35 rich
phase in the blends detected in the experiments were rather consistent with the
T, of pure HP35 (80°C) and the transition temperature (S—>N) of HP35 87°0), .
respectively. As predicted by Nishi-Wang equation [Olabisi, 1979, the crystalline
melting temperature that did not change implies that the system has the
immiscible - characteristic. = Hence, these results suggested that at these
concentrations and annealed tempeartures the HP35 was immiscible with PC.
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" 653 Phase Diagram Construction of System III: PC & HP35

| Phase diagrams constructed by the method of depression trend and
the g_radient method were presented below.

6.5.3.1 Phase Diagram Construction by the Method of Depression
Trend of System I: PC & HP35 |

To clearly ‘monitor the relation between weight péroent of
HP35 with PC and T, of PC rich phase in the blends at each annealed’
temperature, Figrure 6-15a and Figure 6:15b wete made. The relation that can be
drawn from these figure were shown in Table B5-17. '

Phase behaviour of the blends, in which the T, of PC rich
phase is decreased when the weight percent of HP35 with PC is increased, were
determined as partially miscible and represented with 0 symbol. For the blends
that the T, of PC are quite constant or T, is increased, phase behaviour were
determined as immiscible, and reptesented with * symbol. The phasé diagram
that was constructed by the method of depression trend was shown in Figure 5-
16.
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Figure 5-16a (Glass transition temperatures depression in the blends of system
I: PC & HP35 annealed at 60°C, 80°C and 100°C,
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Figure 5-16b Glass transition temperatures depression in the blends of system III
PC & HP35 annealed at 120°C, 140°C and 170°C.
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Table 5-17 Relation between the T of the PC rich phase in the blends and
|

weight percent HP35 with PC.
Weight percent HP3b
Annealed temp. Decreasing T, Increasing T, or
(c) 0 constent T,
*
60 5.2-15.0 15.0-25.0.
25.0-30.0
80 5.2-20.0 20.0-26.0
25.0-30.0
100 5.2-16.0 16.0-30.0
120 5.2-15.0 16.0-30.0
140 5.2-15.0 15.0-30.0
170 5.2-156.0 16.0-30.0
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Figure 5-16 Phase diagram at low concentration of system II: PC and HP35

constructed by method of depression tiend. o represents partially

miscible region and * represents immiscible region.

Tepresents phase separation line.
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55.32 Phase Diagram Constructed by the Gradient Method of System
II: PC & HP36

The gradient method construction procedure was described
previously in section 6.2 (phase diagram construction procedure). The T, of PC
rich phase in the blends were reported in Table 6-18. Then, the gradient value
were célculated as shown in Table 5-19. Phase behaviour of the blends were
determined from gradient value which can be divided into four regions based on
criteria in Table 56-7. In Table 5-20, symbol that represented each phase
behaviour are shown. The phase diagram of system II: PC and HP35 wes
constructed as shown in Figure 5-17. \

From the estimation of phase separation line, both phése'
diagrams at low concentration of systam I: PC and HP35, Figure 5-16 and
Figure 6-17 seem to be the convergence of the upper and lower critical boudaries
to form an hourglass-shaped phase boundary. Example of this type of phase
diagram was shown in Figure 3-2d.

There were different regions identified from the two methods
at some points in diagram due to more details of the gradient method. The
partially miscible region (0) in method of depression trend can be divided to be
the absolutely partially miscible region (0) and the possibly partially miscible
region (+) in the gradient method. In the same way, the immiscible region () in
the method of depression trend can be divided to be the absolutely immiscible -
region {*) and the possibly immiscible region (-) in the gradient method.
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Table 6-18 The glass transition temperatures (T,) of PC rich phase in the blends
of HP35 and PC detected by differential scanning calorimeter (DSC)
at each annealed temperature and weight percent HP3b with PC.

Annealed temp. (Ol 60 | 80 | 100 | 120 | 140 | 170
W@t percent HP35
5.2 1220| 1232 1218 1207 1205 1215
100 1055 1024 1000 1012 1024 1031
16.0 o21| 842| o6 94| 78 862
200 1122] 784]. 1189] 1121| 1039| 1128
260 1105 1198 183| 1114 1101] 128
30.0 1177 1152 1260 1177 1152 1169

Table 5-19 Gradient value of system III: PC & HP35.

Amnealsd temp. ()| 60 | 80 | 100 | 120 |-140 | 170

{Weight percent HP3%

5.2-10.0 3625 -4.333| -4542] -4.063] -3.771| -3.833
10.0-16.0 2680 -3640| -2.080] -2.360| -2.920| --3.380}
15.0-20.0 4020] -1.160| 5.860 4540| 3.220] 5.320

20.0-26.0 1460 8220 0120 -0200] 1240 0000
25.0-30.0 -0.360) -o.asol 1340 1320 1020 0.620)
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Table 6-20 Four regions divided from gradient value of system IIl: PC & HP35. o

represents absolutely partially misible region, + represents possibly -

partially misible region, - represents possibly immiscible region, #*
represents absolutely immiscible region.

wop. (O 60 | 80 | 100 | 120 | 140 | .170
Weight percent

5.2-10.0 -3.626] -4.333 -4‘.542 -4063| -3.771] -3.833
0 o o o o o

10.0-16.0 26801 -3.640| '-2.080| -2.360] -2.920| -3.380
0 o 0 0 o o

15.0-20.0 4,020 -1.160) 5860 4.540| 3.220 5.320r
¥ 0 % * % %

20.0-26.0 1.460f 8.220| -0.120| -0.200 1.240H 0.000]
3 * & - * -

25.0-30.0 -O.SSOJ 0860 1340 1.320| 1.020 0.620]
- + t % E -
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5.5.4 Scanning Electron Microscope (SEM) of System II: PC & HPéS

Scénning electron micrograph of 10 percent by weight of HP36 with
PC, which annealed at 140°C, and 25 percent by weight of HP35 with PC, which
annealed at 120°C. were shown in Figure 5-18 and Figure 5-19, respectively.

Sample of 10 percent by weight HP35 with PC, which annealed at 140
°C, revealed a HP35 particles distributed in gray area of texture as shown in
Figure 5-18. This was considered to be the partially miscible phase behaviour of
the blends which consisted of two phases. The first phase was most likely .to be
the particle of HP36. The second phase, whic':h was the gray area of texture in
the picture, was most likely to be the blend between HP35 with PC.

Sample of 25 percent by weight of HP35 with PC, which annealed at
12000, showed phase separation of the blends. It revealed three phases as shown
in Figure 5-19. 'The first phase was fine grains distributed in the texture and
most likely to be the unmixed PC. The second phase was a group of undissolved
HP35 and the third phase was the gray area in the texture which was almost
likely to be the amorphous blend of HP36 with PC.

The morphology of two samples determined by SEM presented above
was consistent with the phase behaviour deterinined from the DSC results.
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Figure 5-18 Scanning electron micrograph (x1500) of 10 percent by weight of
HP35 with PC, which annealed at 140 C.
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Figure 5-19 Scanning electron micrograph (x1500) of 26 percent by weight of
HP35 with PC, which annealed at 120°C.
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5.6 SYSTEM IV: Poly(bisphenol A carbonate) & HPGN

The blénds at low concentration of HP5N (5.2, 10.1, 15.0, 19.9, 26.0 and 30.0
~ percent by weight) with PC were prepared and phase ‘behaviour were studied at
various annealed temperatures, which are the same as in the system IM: PC and

'HP35, ie. 60°C, 80°C, 100°C, 120°C, 140°C and 170°C.

The transition temperatures of the blends detected by differential scanning
calorimeter (DSC) were shown in Tahle 5-21 and examples of DSC thermograms
of 15 percent by weight HPBN with PC, which anneled at 170°C, and 25 percent
by weight HP5N with PC, which annealed at 170°C, were shown in Figure 5-20.

5.6.1 Effects of HPSN on Poly{bisphenol A carbonate) (PC)

From Table 5-21, it can be seen that the glass transition temperatures
(Tg) of PC rich phase in the blends at every weight percent HPSN with PC and
annealed temperatures used in the experiment were depressed from the T, of
100% PC ( 0 percent by weight HP5N). This phenomenon proved that HPSN can
act as plasticizer of PC. -

The melting temperatures (T_) of PC rich phase were not observed at |
low weight percent HPSN with PC but they were detected at higher
concentrations as shown in Table 5-21. It is intereting to notice that at 60°C the
T_, of PC rich phase in the blends were depressed from 221 4c (10.1 percent by
weight HPSN with PC) to 209.8°C (19.9 percent by weight HPSN with PC). And
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Table 6-21 Transition temperatures detected by differential scanning calorimeter
(DSC) of system IV : PC & HPBN. |

Annealed temp. | % by weight | T, of PCrich | Ty, of HBEN | T, of PCrich
‘o) HPSN phase in blends | rich phase in phase in
¢o) blends (C) | biends (C)
60 0.0(100% PC) 14456 - .
5.2 123.8 - -
101 108.5 - 221.4
150 957 - 212.8
199 92.0 112.7 .209.8
25.0 634 110.8 206.2
30.0 61.6 110.6 204.9
80 0.0(100% PC) 144.9 - -
5.2 125.0 - -
10.1 107.9 - -
15.0 90.9 - -
19.9 774 110.6 -
25.0 75.0 1104 207.5
30.0 744 109.6 205.0
100 0.0(100% PC) 1447 - -
5.2 1256 - .
10.1 102.4 - -
15.0 926 111.0 -
199 81.1 111.2 -
25.0 81.1 111.4 207.9
30.0 82.3 111.3 205.1
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Tablg‘ 5{21{ Tranmtlon témﬁerétiues de_tedoed by differential scanning dalprimete:
(DSC) of system IV : PC & HP5N. (continued) o

Annealed temp.

% by weight | T,ofPCrich | Tyof HPSN | T of PCin
(o) HPSN phase in blends | rich phase in | rich phase
o) blends ('C) | blends (C)
120 0.0(100% PC) 145.1 - -
5.2 1219 - -
101 1073. - .
150 . 937 . -
199 81.8 1113 -
25.0 77.7 1115 206.3
30.0 78.0 1115 204.1
140 0.0(100% PC) 1442 - -
5.2 123.7 - -
10.1 107.3 . 234.2
15.0 93.3 - 208.1
19.9 79.7 1116 206.7
25.0 700 1116 205.9
30.0 69.6 . 111.9 202.9
170 0.0(100% PC) 1448 - .
5.2 1238 . -
10.1 1043 - i
15.0 96.7 - i
19.9 80.5 i .
25.0 70.7 1119 207.9
30.0 75.3 1120 205.2
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 at 140 C the T, of PC rich phase in the blends were depressed from 2342 °C
(10.1 percent by weight HP6N with PC) to 208.1 °C (s. 0 peroent by weight HPSN |
with PC). This melting point depression of PC rich phase in the blends unphes
miscibility of the blends at these concentrations and annealed tempertures as

predicted by Nishi-Wang equation [Olabisi, 1879).

5.6.2- The Transition Temperature of HPSN in the Blends

The melting temperatures (T,) of HPSN rich phase in the blends
cannot be observed in DSC thermograms at low weight percent HPSN with PC as
shown in Table 5-21. The disappearance of the T, of HPEN rich phase in the
blends should be due to low content of HPSN in the blends such that it cannof be
detected by DSC or HPEN in the blends were almost absolutely dissolved
completely in PC.

However, at every annealed temperatures and concentration from 19.9
percent by weight of HPSN upward, the T, of HPSN rich phase can be detected.
The T, of HPSN rich phase in the blends detected in the experiments were
rather consistent with the Ty, of pure HP5N (111°C). As predicted by Nishi-Wang
equation [Olabisi, 1979], the crystalline melting temperature that did not change
implies that the system has the immiscible characteristic.  Hence, these results
suggested that -at these concentrations and annealed tempeartures the HPSN was

immiscible with PC.
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5.6.3 Phase Diagram Construction

Phasé diagram constructed by the method of depression trend and the

gradient method were presented below,

56.3.1 Phase Diagram Construction by Method of Depression Trend of
System IV: PC & HP5N

To clearly monitor the relation between weight percént HPSN |
with PC and T, 6f PC rich phase in the blends at each annealed temperature,
Figure 5-21a and Figure 5-21ib were made. The relation that can be drawn from
these figures were shown in Table5-22.

Phase behaviour of the blends, in which the T, of PC rich
phase is decreased when the weight percent of HP5N with PC is increased, were
determined as partially miscible, and represented with 0 symbol. For the blends
that the T of PC rich phase are quite constant or T  is increased from the
previous T data, phase behaviour were determined as immiscible. and
represented with * symbol.. The phase diagram that was constructed by the

method of depression trend was shown in Figure 5-22.
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5.6.3.2 Phase Diagram Constructed by the_Gradient Method of System
| IV: PC & HPEN |

The gradient method construction procedure was described
previously in section 5.2 (phase diagram construction procedure). The T of PC
rich phase in the blends were. teported in Table §-23. Then the gradient .value
were calculated as shown in Table 5-24. Phase behaviour of the blends were
determined from gradient values which can be divided into four regions based on
criteria in Table 5-7. In Table 5-25 symbol that represented each phase behaviour .
was shown. The phase diagram of system [V: PC and HP5N was constructed as

shown in Figure 5-23.

From the estimated phase separation line, both phase
diagrams at low concentration of system IV: PC and HPBN, (Figure 5-22 and
Figure 5-23) seem to be the immiscible loop with upper and lower critical phase
boudaries inverted. Example of this type of phase diagram was shown in Figure

3-21.

There were. different regions identified from the two. methods
at some points in diagram due to more details of the gradient method. The '
partially miscible region (0) in method of depression trend can be divided to be
the absolutely partially miscible region (o) and the possibly partially miscible
region (+) in the gradient method. In the same way, the immiscible region () in
the method of depression trend can be divided to be the absolutely immiscible

region (*) and the possibly immiscible region (=) in the gradient method.
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Figure 5-21a Glass transition temperatures depression in the blends of system IV:
PC & HPSN annealed at 60°C, 80°C and 100°C.
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weight percent HPSN

—e— annealed at 120 deg. C —m~ annealed at 140 deg. C
—a— annealed at 170 deg. C

Figure 5-21b Glass transition temperatures depression in the blends of system
IV: PC & HPEN annealed at 120°C, 140°C and 170°C. '
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Table 5-22 Relamon between the T, of the PC rich phase in the blends and

weight percent HPSN with PC
Weight percent HP5N
Annealed temp. Decreasing T, Increasing T or
‘o) 0 constent T,
*
60 5.2-25.0 26.0-30.0
80 5.2-20.0 20.0-30.0
100 5.2-20.0 20.0-30.0
120 5.2-26.0 25.0-30.0
140 5.2-26.0 25.0-30.0
170 5.2-26.0 25.0-30.0
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Figure 5-22 Phase diagram at low concentration of system IV: PC and HP5N
constructed by method of depression trend. o represents partially

miscible region and * represents immiscible region. And --—- _
represents phase separation line.
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Table 5-23 The glass transition temperatures (T, of PC rich phase in the blends
of HPGN end PC detected by differential scanning calorimeter (DSC)
at each annealed temperature and weight percent HP6N with PC.

Amnesled temp. (0 g0 | 80 | 100 | 120 | 140 | 170
"Waight percent : ‘
5.2 1238 1250 1256 1219 1237 1238
10.1 £ 1085 '107.9r 1024] 107.3] 107.3] 1043
150 o571 909l 926 937 933 967
199 920 774 811 818 797 805
26.0 634 78500 811 777l 700 707
30.0 616/ 744/ 823 780/ 696 69.5|
Table 6-24 G—_radient value of system IV: PC & HP5N.
Amneeled temp. (0 g0 | 80 | 100 | 120 | 140 | 170
Weight percent HP6N
5.2-10.0 3122 -3.490] -4.735| -2.980| -3.347| -3.980
10.1-16.0 2612 -3469| -2.000| -2.776] -2.857| -1.561
115.0-20.0 -0.765| -2.766| -2.347| -2.429| -2.776| -3.30
20.0-25.0 5608| -0471] o0.000| -0.804] -1.902| -1.922
25.0-30.0 0.360 -0.120[ - 0.240] 0.060| -0.080) -0.240)
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Table 5-26 Four regions divided from ‘grad.i.en_t value of system IV: PC & HPSN.
O Tepresents absolutely partially miscible region, + represents
| poss:bly partially miscible region, = represehts_ posmbly immiscible

' ‘region and * represents absolutely.immiséiblé region. '

Ameaied temp. (O 60 | 80 | 100 | 120 | 140 | 170
_ Wei@ht percent HPEN

6.2-10.0 -3.122| -3.490| -4.735 -2.980 -3.347| -3.980]
0 0 0 0 0 0

10.1-16.0 -2612] -3.469| -2.000| -2.776| -2.857| -1.661
0 4) L) 0 | 0. 0

16.0-20.0 -0.765| -2.765| -2.347| -2429| -2.776| -3.308|
+ (6] () 0 0 o]

20.0-25.0 -5.608| -0.471] 0000 -0.804] -1.902| -1.922

_ 0 - - + O 0

25.0-30.0 -0.360| -0.120{ 0.240| 0.060| -0.080| -0.240
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Figure 5-23 Phase diagram at low concentration of system IV: PC and HPBN
constructed by gradient method. © represents absolutely partially
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564 Scanning Electron Microscope (SEM) of System IV: PC & HPSN

| Scanning electron micrograph of 20 percent by weight of HPSN with
PC which annealed at 120°C. and 30 percent by weight of HPbN with PC, which
annealed at 140 C, were shown in Figure 6-24 and Figure 5-26, respectively.

_ _'Sample‘ of 20 percent by weight of HP6N with PC, which annealed at

120°C, revéaled HP5N particles distributed in gray area of texture -as shown in

Figure 5-24. Th:s was considered to be the pamally miscible phase behaviour of -

the blends which consisted of two phases. The first phase was most likely to be

the particle of HPSN. The second phase, which was the gray area of texture in
the picture, was most likely to be the blend between HPEN with EC.

Sample of 30 percent by weight of HP6N with PC, which annealed at
140°C, showed phase separation of the blends and revealed three distinct phases
as shown in Figuré 5-26. The first phase was a group of fine grains distributed
in the texture and most likely to be the unmixed PC. The second phase was a
HPSN crystal at the top left side of the picture and the third phase was the gray
area in the texture which was most likely to be the blend between of HPSN with
PC.

Phase behaviour of the two SEM samples were consistent with phase
behaviour determined from DSC resuits.
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Figure 5-24 Scanning electron micrograph {x 1000 magnification) of 20 percent
by weight of HPSN with PC, which annealed at 120 C.



136

~ 20%U x’na"‘ ‘1erm- 301401

. e N 4

(b)

Figure 5-25 Scanning electron micrograph of 30 percent by weight of HPSN with PC,
which annealed at 14[10{]. {a) the lower magnification (x500). (b) the

higher magnification (x750).
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6.7 Discussion of the Results between Systems
674 Comparlson of the Etfects of HP35 and HPGN on Polystyrens (PS)

Boﬂ1HP35andHP5NcanactasplasuclzersofPS as discussed
prewously in section 5.3.1 (effects. of HP35 on PS) and section 6.4.1 (effects of
HP5N on PS), respectively. However, it is interesting to consider which is the.
better plasticiz&.for PS.

| ~ The question was solved by comparing the decreasing of T, of the PS
in the blends with HP35 and HPEN at the same weight percent and the same
annealed temperatures. The better plasticizer is the one that can decrease the T,
of the PS in the blends more than the other. ‘This can be clearly seen in the
graphs (Figure 5-26 to Figure 5-30) between annealed temperature and the T, of

PS rich phase in the blends. The conclusion can be presented belows.

1. At 5 percent by weight, HP5N is the better plasticizer than HP35 at
every annealed temperatures examined in this study, as shown in Figure 5-26.

2.° At 10 percent by weight, HP35 is the better plasticizer than HP5N
at every annealed temperatures examined in this study, as shown in Figure 5-27.
This should be due to the limit of miscibility of HPSN with PS.  The HPoN can be
dissolved in PS only up to 5.0 percent by weight ( see section 54.3.2). So, at 10
percent by weight, HP5N is not a good plasticizer of PS.




100

—e— 100% PS film

—@— PS with HP35

—A— PS with HPSN

glass transition temperature ( €) .

40 S0 60 70 80 90 100 110,120 130 140

annealed tempefamre (‘c)

Figure 5-26 The glass transition temperatures of PS in the blends at & weight
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3. The plasticizer effects of HP36 and HPEN on PS in the blends at 15,
20 and 25 percent by weight can be divided into two parts: _. B

' The first part was the blends that were annealed below 80 °C. In

this part, the T s data were scattered such mat it cannot be detenmned which

one is better plasnc1zer

The second part was the blend that were annealed at 80°C and "’

other higher temperaﬁlrés In this part, the blends with HP35 had lower T, than

the blends -with HP5N, The result showed that the HP35 was the better

' -plast.lclzer for PS than the HPGN.

From the above conclusions, it can be seen that the effects of HP35
and HP5N on PS depended on the weight percent of HP35 or HP5N in PS and the
annealed temperature.
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Figure 6-30 The glass transition temperétures of PS m the blends at 25 weight .
percent HP35 and HPEN.




6.7.2- Comparison of the Effects of HP35 and HPEN on Poly(bisphenol A
carbonate) (PC) | |

The companson between HP35 and HP5N as the plasticizer for PC
were made in the same way as for PS, that was descnbed prewously in section
6.7.1 (companson of the effects of HP35 and HP5N on PS). The conclusions were
presented below.

1. At 5, 10 and 15 percent by weight: HP35 was as good as HPEN to
plasticize PC, for every annealed teinperatu:es-exa:_njned in this study, as shown
 in Figures 6-31,32,33, respectively.

2. At 20, 25 and 30 percent by welght HPEN was the better plasti-
cizer than HP35, for every annealed temperatures examined in this study, as
shown in Figure, 5-34,35,36, respectively.
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Figure 5-31 The glass‘tiansition temperatures of PC in the blends at 6 weight
percent HP35 and HP5N.

150
140 -
130 -
120 -

i

- | —e— 100% PC film
1o - 3 ‘ —l—PCwithHPIiS
100 4 ‘::¥:3—\—‘ —a— PC with HPEN
% + | |

80 —t—t i.

]

glass transiﬂon temperature (DC)

40 60 80 100 120 140 160 180 200

annealed temperature (o
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Figure 6-34 The glass. transition temperatures of PC in the blends at 20 weight
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' 5.7.3 Comparison of the Effects of HP35 on PC and PS

From constructed phase diagramé of system I: PS & HP35 (Figures 6-
2,5) end system IIl: PC & HP36 (Figures 6-16,17), it can be seen that the blends of
PS and HP35 exhibited partially miscible behaviour under 12.7 percent by weight
of HP35 with PS, and the blends of PC and HP35 exhibited partially miscible
behaviour under 15.0 percent by weight of HP35 with PC. From above results, it |
can be seen that HP35 had the partially miscible region with PC in the broader
range than with PS, so HP36 was more compatible with PC than PS.

6.7.4 Comparison of the effects of HPEN on PS and PC

From constructed phase diagrams of system II: PS & HPSN (Figures 5-
10, 5-11) and system IV: PC & HPSN (Figures §-22,23), it can be seen that the
blends of PS and HPEN exhibited partially miscible behaviour under 5.0 pércent
by weight HPEN with PS, and the blends of PC and HP6N exhibited partially
mlsclble behaviour under 20.0 percent by weight HPEN with PC. From above
Tesults, it can be seen that HP5N had the partially miscible region with PC in the -
broader range than with PS, so HP5SN was more compatible with PC better than
PS.
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