
 

Polymer dispersed light scattering polarizers

Citation for published version (APA):
Thomassen, H. J. M. (1995). Polymer dispersed light scattering polarizers. (DCT rapporten; Vol. 1995.140).
Technische Universiteit Eindhoven.

Document status and date:
Published: 01/01/1995

Document Version:
Publisher’s PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 24. May. 2023

https://research.tue.nl/en/publications/7006a6fe-26c6-433f-b857-7e69fb466fcf


Polymer Dispersed 
Light Scattering Polarizers 

H.J.M. Thomassen 
WFW nr. 95.140 



Polymer Dispersed 
Light Sceieiering PsPclrizers 

H.J.M. Thomassen 
Stage rapport 

WFW nr. 95.140, id.nr . 342947  
Faculty of Medical Engineering Technology 

Polymer Technology 
September 1995 



Contents 

Summary 

Chap ter 1 

1.1 
1.2 

Chapter 2 

2.1 
2.2 

ChapteL- 3 

3.1 
3.2 

Chapter 4 

4.1 
4.2 
4.3 
4.4 

introduction 

Polymeric sheet polarizers 
Light Scattering polarizers 

Theory 

Basic Theory 
Previous Research 

Materials selection 

Introduction 
Materials 

Experimental 

B1 ending 
Compression Moulding 
Drawing 
Characterisation 

Chapter 5 z Results and Discussion 

5.1 Pure polycarbonate 
5.2 Polystyrene rich blends 
5.3 Polycarbonate rich blends 

Chapter 6: Conclusions and recommandations 

1 
1 

3 
5 

8 
9 

11 
12 
12 
13 

14 
19 
20 

2 3  

References 24 



Summary 

Polymeric sheet polarizers are nowadays widely used in liquid 
crystal display (LCD) applications. The commercial polarizers, 
produced from oriented polyvinylalcohol (PVAL) films contai- 
ning dichroic dyes, have several disadvantages. They have a 
poor long term stability in humid environments and at elevated 
temperatures. This limits the applications of LCD's. Recently, 
polarizers based on polyolefins containing dichroic dyes have 
been produced, which have better properties according to these 
disadvantages. 
All these dye containing polarizers absorb a part of the 
incident light. This causes the temperature of the polarizer 
to increase. If these polarizers are used in combination with 
high intensity light sources, the temperature of the LCD's 
will become too high. 
Polarizers based on light scattering rather than absorbance 
will not have this drawback. These polarizers will also have 
the advantage of operating over the entire visible wavelength 
range, while absorbance based polarizers must contain several 
different dichroic dyes to achieve this effect, because each 
dye covers a relatively small wavelength range (100nm). 
Recent research has shown that it is possible to produce such 
polarizers out of regular thermoplastic polymers on standard 
sheet extrusion equipment. The polarizers are produced by 
orienting a blend of two immiscible thermoplastic polymers. 
The blend becomes a polarizer when the ordinary or extraordi- 
nary refractive indices of the two polymers after orientation 
match each other. This thesis has been verified with a Poly- 
styrene/Polybutadiene system. This system however is far from 
ideal, because the matching of refractive indices is very 
poor. 
In this study a system made out of Polystyrene and Polycarbo- 
nate is explored, because it is expected that it is possible 
to get an exact matching with these materials. The Polystyrene 
rich blends however failed because of the appearance of voids 
during the orientation of the blend. The Polycarbonate blends 
failed because the refractive index of the used Polycarbonate 
differs from the index found in the literature, and the bad 
drawing properties of the blends. 
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Chapter 1 

IntrOdUCtiOn 

1.1 Polymeric sheet polarizer 

Polymeric sheet polarizers are widely used in liquid crystal 
display (LCD) applications. These LCD's are used in for exam- 
ple watches, dashboard display's, computer screens etc. Until1 
now these polarizers are made of oriented polymer films con- 
taining dichroic dyes. In principle the polarizing effect is 
based on the absorbance of light by the oriented dichroic dye. 
The commercial polarizers are based on polyvinylalcohol (PVAL) 
as a host-polymer.' PVAL however has a poor long-term stability 
in humid environments and at elevated temperatures. 
Research has shown that it is possible to make polarizers with 
polyolefins as a host-polymer.' These polarizers show an 
enhanced durability in humid environments and at elevated 
temperatures. 
Still the polarizers based on light absorption have two big 
problems. First it is complicated to produce a polarizer which 
operates over the entire visible wavelength range. A dye 
molecule absorbs over a relatively small range of about 100 
nm. Consequently to cover the entire visible wavelength range 
(400-700 nm) at least three different dyes are necesarry. 
Secondly the absorbed light-energy is transformed into heat. 
This causes the temperature of the polarizer to go upa2 There- 
fore the polarizer cannot be used in combination with high- 
intensity lightsources, like for instance projection TV's. 

1.2 Light scattering polarizers 

Recently it has been shown that it is possible to make polari- 
zers based on light scattering rather than absorbance.'s2 These 



Introduction 

polarizers do not have the problems of operation over a selec- 
ted bandwith range and temperature increase. The light-scatte- 
ring pola-rizers consist of a transparant matrix and a transpa- 
rant dispersed phase. The oriented matrix is birefringent. 
This means that it has got a refractive index in the direction 
of orientation that differs from the index perpendicular to 
the direction of orientation. The refractive index of the 
dispersed phase should match the index of the matrix in one 
direction and mismatch the refractive index of the matrix in 
the other direction. 
The development of light scattering polarizers has started 
with liquid crystal materials. The polarizers are manufactured 
by orienting a mixture of a reactive and a non-reactive 
liquid-crystalline material, after which the mixture is cured.2 
After cüring- an oriented polymer network is formed in which 
the oriented non-reactive constitutent is dispersed. These 
liquid crystal based polarizers have the following disadvanta- 
ges : 

-The compounds are expensive and not readily available. 
-Only relatively small polarizers can be made and the 
technique is not suitable for industrial upscaling. 

The next step was to make the polarizers out of convenient 
thermoplastic polymers, because they are commonly available 
cheap materials and can be processed on standard sheet extru- 
sion equipment. Preliminary research on a Polystyrene (PS) / 
Polybutadiene (PB) system showed that it is possible to make 
such a thermoplastic polymer light scattering polarizer.' 
This PS / PB system however has a poor polarizing quality. It 
is not possible to achieve a proper matching in the direction 
where matching is assumed. This limitation is a consequence of 
the materials selection. 
The aim of this study is to investigate new blends which might 
have better polarizing qualities, while the advantages of a 
light scattering polarizer remain. 
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Theory 

Chapter 2 

Theory 

2.1 Basic theory 

Polymer dispersed light scattering polarizers are based on the 
principle of matching or mismatching of the refractive indices 
of the matrix and the dispersed phase. If there is matching in 
one direction, there should be mismatching perpendicular to 
this direction. If the direction of matching is in the direc- 
tion perpendicular to orientation, we find: nLd=n," and nlld+ny, 
as shown in Figure 2.1. In other words, the refractive indices 
perpendicular to the drawing direction match each other, while 
the indices parallel to the drawing direction do not match. 

n =refractive index 

m =néatruc 

d = dispersed phase 

// =garallel to orientation 

i =perpendicular to orientatwn 

Fig. 2.1: Operating principle of a light scattering polarizer 

As a result of this, the light perpendicular to the direction 
of orientation can travel without obstruction through the 
material. The light parallel to the direction of orientation 
however is scattered. 
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Theory 

To get matching in one direction and mismatching in the direc- 
tion perpendicular to this direction, at least one of the two 
materials must be birefringent. Birefringence occurs at mole- 
cular level if the molecules posses anisotropic binding for- 
ces, as in most polymer molecules. Because of these anisotro- 
pic binding forces there is anisotropic interaction with the 
electromagnetic field of the incident light wave.3,4 When the 
polymer molecules are oriented, the material becomes birefrin- 
gent. The thermoplastic polymer based light scattering polari- 
zers are oriented by drawing the blends. This causes the 
molecules to orientate in the direction of drawing. 
The oriented polarizer functions as a polarizer for the inci- 
dent light propagating in the direction perpendicular to the 
plane as depicted in Figure 2.2. Each natural light wave has 
an electromagnetic vector with a random direction in this 
plane. Each random oriented vector can be divided In a vector 
in the direction of orientation and a vector orthogonal to 
this vector (thus perpendicular to the direction of orientatl- 
on) I as shown in Figure 2 - 2 .  

S. 
Direction of orieniaiion 

Figure 2.2: Representation of incident light 

Incident light with the electromagnetic vector perpendicular 
to the drawing direction will pass the polarizer without 
obstruction. incident light with the electromagnetic vector 
parallel to the drawing direction will encounter a mis-match 
in refractive indices and will be scattered. After passing the 
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polarizer the light will be polarized with the electromagnetic 
vector in the direction perpendicular to the orientation 
direction. 
The polarizing quality improves when the difference nlld-nl~ is 
larger. The transparancy of the polarizer is optimal when the 
difference nld-nF equals zero. The perfect polarizer should 
scatter half the incident light and Let through the other haur 
of the incident light. As a result of this the polarizer will 
appear white/milky, because in the ideal situation still 50% 
of the incident light will be scattered. The advantages of 
such a polarizer are: 

- -  

-The temperature does not increase as a result of the 
incident light, so it could also be used in combination 
with high intensity light sources 

length, UV and infra-red range 
-Polarization is achieved ovex the entire visible wave- 

-Long term stable in humid environments 
-Producible on standard sheet extrusion equipment 
-No requirement for the development of new dyes, which is 
a major drawback of the polyolefin/dye systems 

2 o 2 Previous Research 

Research has been done to see whether it is possible to produ- 
ce such a polymer dispersed light scattering polarizer and to 
explore possible new processes for the production of dispersi- 
ve polarizers. The polarizer looked at consisted of a Polysty- 
rene (PS) matrix and a Polybutadiene (PB) dispersed phase. 
It was possible to obtain a birefringce value of -0.04 for the 
PS after drawing. The absolute values for the refractive 
indices were rill= 1.56 and n,= 1.60, whereas the refractive 
index for isotropic PS is niso = 1.59.' 
A PS/PB (7.5% w/w) blend was compounded on a corotating twin- 
screw extruder. The blend was compression moulded into thin 
sheets. After drawing it could be observed that the PS/PB 
films were dichroic. The intensity ratio was quantified as 

1 
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the division of the absorbance perpendicular by the absorbance 
parallel to the drawing direction A,/AI, (in fact the inverse of 
the dichroic ratio). In Figure 2.3, this intensity ratio is 
depicted as a function of the wavelength. 

I 

i 
4 t  

I 
3 -  

O '  I I I 
500 600 700 400 

Wavelength (nm) 

The polarizer covers the entire visible wavelength range, and 
is not restricted to the absorption peak of a dye, as in dye 
containing polarizers. 
The research has shown that polarizers can be made out of 
regular thermoplastic materials. The choice for a PS/PB system 
however is not very good. For the ideal polarizer the intensi- 
ty ratio should be nearly infinite or zero, while foE the 
drawn PS/PB blend this ratio is about three. This can be 
explained by the differences in the refractive indices between 
the matrix and the dispersed phase: 

An,, = InllPs-nllPBI= O. 04 
An, = InLPS-nLPBI= O .  08 

The mismatching is relatively large ( 0 . 0 8 ) ,  but the matching 
is very poor (0.04). As a result of this the incident light 
with the electromagnetic vector parallel to the drawing direc- 
tion will be partly scattered, even though scattering takes 
place to a much lesser extend than the light with the vector 
perpendicular to the drawing direction. 
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The aim of this study is therefore to investigate a polystyre- 
ne based polarizer, containing an other dispersed phase, so 
there is nearly perfect matching. The dispersive phase should 
have a refractive index after drawing of 1.56 or 1.60, so 
there is matching in the direction parallel or perpendicular 
to drawing, respectively. 
We choose Polycarbonate with n=á.6û as the dispersed phase.5 If 
Polycarbonate has good drawing capabilities, it could also 
function as a matrix with Polystyrene as the dispersed phase. 
This will also be investigated. 
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M a t e r i a l s  Selection 

Chapter 3 

Materials Selection 

3.1 Introduction 

The polymers to be used should meet several criteria: 
-immiscible 
-The matrix should be highly birefringent after drawing 
-The matrix should have good drawing properties 
-After drawing there must be a direction in which the 
refractive indices of the matrix and the dispersed phase 
are (almost) the same 

for use in applications with a temperature upto 100°C and 
can still be manufactured on regular sheet extrusion 
equipment 

-T, between 100°C and 150°C, so the polarizer is suitable 

We choose PS to be the matrix. We have seen that for the 
refractive indices of PS it can be found: niso = 1.59, n,, = 1.56 
and n,= 1.60,' As dispersed material Polycarbonate (PC) com- 
plies with the demands mentioned above. The isotropic refrac- 
tive index of PC is 1.60.5 There is a low compatibility at low 
PS contents.7 Still there are already two distinct phases at 1% 
PS. At low PC contents there is immediate phase seperation. 
This means the materials are immiscible enough for application 
as a dispersed system. 
As PC is positively birefringent, it can be expected that PC 
could a l so  function as a matrix, with PS as the dispersed 
phase.6 Both systems (PS/PC as well as PC/PS) will be explored 
in this study. 
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Materials Selection 

3.2 Materials 

PS/PC 

PS has been used as a matrix before in the PS/PB system. 
Because the PS/PB blends had to be pre-oriented to prevent 
irrmediate failme, it can be expected that the PS-PC also has 
to be pre-oriented.' We assume that the PC is not deformed 
after drawing. This can be checked after drawing with Scanning 
Electron Microscopy (SEM). If the PC particles are not defor- 
med, the refractive index remains 1.60. This system should 
show matching perpendicular to the drawing direction, while 
the mis-matching in the direction parallel to drawing is 0.04. 

I 

Figure 3.2: Principle of operation of polarizer manufactured from PS/PC 
If PC is the matrix, PS could deform (dashed ellipsoid) 

PC/PS 

As PC has a positive stress optical coefficient, PC is positi- 
vely birefringent. This means that after uniaxial drawing of 
PC the refractive index in the drawing direction increases, 
while the refractive index perpendicular to this direction 
slightly decreases. If nIpc decreases to the value of 1.59 and 
the refractive index of the dispersed PS does not change, 
there is matching perpendicular to the drawing direction. 
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Materials Selection 

To check which value nlPc attains after drawing, first the 
drawing behavior and orientation of pure PC must be investiga- 
ted. Next the drawing characteristics of the PC/PS blends will 
be explored. 

TF Tpdrff'PC T F  Tbteaiding 

I I I I I 

100 120 148 170 200 
I 

.-). 
T m  

Figure 3.3: Temperature scheme for the different drawing temperatures 
and gluss transition temperatures 

If the PC!/PS blend. is d-sawn between 150 "C and 170 " C  the 
dispersed PS should deform without orientation (as shown in 
Figure 3.2) because the drawing temperature T,, is far above 
TgPS, as shown in Figure 3.3. As TgPC = 148.5 "C, the PC matrix 
will be oriented at this drawing temperaturem8 
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Experimen t a l  

Chapter 4 

Experimentai 

The blends were produced on a Haake kneader during 30 minutes 
at 200°C. The Polystyrene (DOW Styron 634, M, = 200 Kg/mol) and 
Polycarbonate (Lexan 141, = 50 Kg/mol, measured by GPC) were 
commercial materials. The PC was dried in a vacuum oven at 
60°C. The blends were made in the compositions as mentioned in 
Table 4.1. All blends appeared transparant. 

Table 4.1: Composition of the blends 

4.2 Compression Moulding 

The blends were chopped into pieces with a maximum diameter of 
about 5mm. This granulate was dried again in a vacuum oven at 
60°C. Thin sheets were compression moulded during 20 minutes at 
200°C. The molten material was several times degassed by 
releasing the pressure. The sheets were quenched to room 
temperature. 

Page 11 



Experimental 

For the pure PC blends the aluminum foil was sprayed with a 
release agent, which was a teflon containing oil. Sheets were 
pressed with a thickness of 0.2 - 1 mm. The same was done for  
the PC rich blends. 
The blends with a PS matrix were pressed into the format of 
150 x 150 x 3 mm. 

4.3 Drawing 

The drawing properties of the pure PC were investigated be- 
tween 120 and 160 "C. In this temperature range the maximum 
draw ratio as well as the birefringence at h=2 as a function 
of the temperature was measured. Also the birefringence as a 
function of the draw ratio was determined. The samples were 
punched into a dumb-bell shaped specimens and drawn on a hot 
shoe 
As a reference, the same was done with PC from DSM, which was 
delivered as a film, produced on a sheet extruder, with a 
thickness of 0.25 mm. 

The PS rich sheets were cut into sections of 100 x 100 x 3 mm 
which were pre-drawn uniaxially constrained in an Iwamsto 
biaxially stretching frame at 120 "C, at DSM Geleen. 
From these pre-drawn sections dumb-bell shaped samples were 
punched. This was done in such a way that the pre- and post- 
drawing direction are the same. The samples were drawn on a 
tensile tester at a temperature of 100 "C, with a speed of 20 
m/s, in an oven that could reach temperatures up to 150 "C. 

The PC rich sheets were drawn uniaxially constrained on the 
Iwamoto stretching frame. Again sections of 100 x 100 mm were 
cut out of the compression moulded sheets. The sections are 
drawn at temperature temperatures between 150 "C and 170 "C. 

All draw ratios were measured as the displacement of ink marks 
printed onto the samples before drawing. 
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4.4 Characterisation 

A Gel Permeation Chromatogram (GPC) before and after kneading 
an compression moulding of the lexan was taken, as well as 
from the extruded film from DSM. 
The refractive indices of the pure PC were measured before and 
after drawing with an Abbé refractometer. For the measurement 
of birefringence and trirefringence the refractive indices in 
the different directions were measured. The birefringence 
could be calculated as Ins-n,I. To measure the refractive 
indices in several directions a polarizer had to be added to 
the Abbé refractometer.g 
The morphology of the blends before and after drawing as well 
as between pre-orienting and drawing was examined by SEM 
(Scanning Electron Microscopy) In a Cambridge Stereoscan 200 
microscope at 20 k V  accelerating voltage after gold sputter 
coating. The fractured surface of the blends before drawing 
were prepared by cryogenic fracturing. 
Samples of the drawn and pre-oriented blends were embedded in 
an epoxy resin which was cured to fixate the drawn samples. 
Thin sections were cut from the samples to obtain a smooth 
surface. The samples were cut in such a way that the surface 
is parallel to the drawing direction. 
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Results and Discussion 

Chapter: 5 

Results and Discussion 

5.1 Pure polycarbonate 

Characterisation: 
In Table 5.1 the GPC results of the PC samples are depicted. 
It can be observed that the PC retrieved from DSM has a higher 
molecular weight than the Lexan from DOW. The results for the 
Lexan 141 sheet are odd. AS a result of degradation after 
mixing and compression moulding it is to be expected that the 
molecular weight should decrease instead of the found increa- 
se. This can be explained by the fact that for this experiment 
the Lexan is mixed in an old kneader which can not be properly 
cleaned. Probably the kneader is littered with heavy molecular 
weight molecules so the results for the Lexan 141 sheet are 
not reliable. It is however not likely that the Lexan has 
strongly degraded, for in that case M, would not have increased 
this much. 

It appeared that it is very important that the blends contai- 
ning PC are properly dried after kneading. Otherwise the 
absorbed water will turn into steam during compression moul- 
ding. This causes gas bubbles in the sheets, which scatter the 
incident light. 
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R e s u l t s  and Discussion 

Drawing properties: 
In Figure 5.1 the maximum draw ratio is depicted as a fuctiûn 
of the drawing temperature for Lexan and the PC from DSM. 
can be observed that the maximal draw ratio until1 failure of 
the sample for Lexan increases at temperatures above 140 "C, 
while this ratio for the PC from DSM increases above 160 "C. At 
170 "C both materials are above Tg and can be drawn tû very 
high draw ratio's. 

It 

Maximum draw ratio (-} 

61 

I 

130 140 1 50 160 1 78 I '  
128 

Temp. (degr. C) 
Figure 5.1: Maximum draw ratio as a function of temperature 

The theoretical maximum draw ratio of PC is 2. l '  Lexan exceeds 
this value at temperatures over 140 "C, while the PC from DSM 
exceeds the maximum theoretical draw ratio at temperatures 
over 160 " C .  This means the entanglements in Lexan show more 
slib than the entanglements of the PC from DSM at drawing 
temperatures between 150 " C  and 170 "C. As a result of this the 
Lexan samples will be less oriented and so have a lower bire- 
fringent value than the DSM samles, at the same drawing tempe- 
rature and draw ratio. 
In figure 5.2 the birefringence is depicted as a function of 
the drawing temperature between 140 "C and 170 "C at a draw 
ratio of 2. 



Results and Discussion 

It can be concluded that the birefringent value of Lexan 
indeed strongly decreases at draw temperatures over 140 " C  at 
the maximum theoretical draw temperature of 2 at drawing 
temperatures over 140 "C, while this decrease is much less 
strong for  the PC from DSM under the same conditions. 

Birefringence (-1 

o.o$ 

.+. Lexan -DSM I 
I 

a 40 1 50 1 60 175 

Temp. (degr.C) 

Figure 5.2: BirefingenCe as a function of drawing temperature at A =2 

At 140 "C both Lexan 141 and the PC from DSM have a maximal 
draw ratio of 2,4 and a birefringence of about 0,04 at h=2, as 
can be seen in Figure 5.1 and 5.2. In Figure 5.3 the refracti- 
ve index in the drawing direction as well as the refractive 
index in the direction perpendicular to drawing are depicted 
as a function of the draw ratio. It was hard to get a wide 
draw ratio range for the Lexan, because the samples necked. At 
these spots the draw ratio increases almost immediately from 1 
to 2. This phenomena appeared much less with the PC retrieved 
from DSM. 
As Figure 5.3 shows the PC from DSM has a somewhat larger 
birefringent value (difference between n,, and n,) than the 
Lexan PC at the same draw ratio. As we have only the Lexan 141 
to our disposal in pellets form the blends will be made with 
this PC. 
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R e s u l t s  and Discuss ion  

Refractive index (-1 

' '4 1, l  1,2 1,3 1,4 1,5 1,6 1,7 1,8 1,9 2 211 

Draw ratio (-) 

Figure 5.3: Repactive index as a function of draw ratio at T,=140°C 

5.2 Polystyrene rich blends 

drawing: 
As all blends are transparant nisop' must be almost the same as 
nisopS. We want matching in the direction perpendicular to the 
drawing direction. To achieve this, the refractive index of 
the matrix should remain niso. This can be done by constrained 
drawing. In this case the displacement perpendicular to the 
drawing direction is constrained, so the refractive index in 
the direction perpendicular to drawing direction changes very 
little. This is the reason why the blends are drawn on a 
uniaxial constrained stretching frame. The tensile tester and 
hot shoe are only used to explore drawing properties. 
Because test samples failed immediately when drawn below TgPS, 
the blends had to be pre-oriented above TgPS. The uniaxial 
constrained pre-oriented samples are drawn to a draw ratio 
between 3,5 and 9. The pre-oriented samples are still transpa- 
rant. This means that the concentration of dispersed particles 
is too low, or the mismatching of the refractive indices is 
too low. As even the blends with 20% PC (w/w) remains transpa- 
rant, we assume that the mismatching of the refractive indices 
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R e s u l t s  and Discussion 

is not enough to achieve a polarizing effect, which would 
cause the blends to appear white/milky. 
To attain more orientation the pre-oriented samples must be 
drawn at temperatures below Tgps. To explore the drawing proper- 
ties of the pre-oriented PS-rich blends pre-oriented samples 
are uniaxially unconstrained drawn on a tensile tester. All 
saxples drawn below 110 "C turn white dt c h a w  ratio's he10w 1.5 
and no light can get through the samples. Still no polarizing 
effect can be observed. 

Morphology: 
In Figure 5.4 a, b and c SEM pictures of fracture surfaces of 
a PS/PC 90/10 %w/w are shown before drawing, pre-drawn and 
after drawing, respectively. In Figure 5.4 a it can be seen 
that there is a clear phase seperation. The maximal diameter 
of the dispersed PC increases fron 1 . 6 ~ ~  to 2.4pm for PC 
concentrations increasing from 5 w/w% to 2 0  w/w%. it seems 
that there is very little PS-PC interaction because some 
dispersed PC particles have been ripped out of the fractured 
surface without damaging the matrix. 
Figure 5.4 b shows that in the pre-oriented samples the PC 
nodules are at some places detached from the matrix. After 
drawing at 100 "C the dispersed phase is a bit deformed and 
large voids appear, as can be seen in Fig 5.4 c. 
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R e s u l t s  and Discussion 

b C 

Figure 5.4: Scanning Electron Micrographs obtained porn PS/PC 90/10 blends 
(a) before drawing (b) pre-oriented Qc) after drawing 

discussion: 
The voids appear no matter what weight percentage P C .  This 
explains why all drawn samples turn white before a draw r a t i o  
of 1.5 is achieved, when drawn at temperatures at or below T,. 
The blends with high PC concentrations turn white at lower 
draw ratio's than the blends with less particles, because the 
concentration of voids is also high. The voids appear by draw- 
ing near or below T, because the dispersed phase deforms very 
little at the pre-drawing and drawing temperature and there is 
very little interaction between matrix and dispersed phase. 
These voids scatter the incident light, so the sample turns 
white and is no longer transparant. This means the PS/PC 
system can not function as a polarizer if produced in the 
described way. 



Results and Discussion 

5.3 Polycarbonate rich blends 

drawing : 
The PC rich blends are drawn uniaxial constrained for the same 
reason as the PS rich blends (the refractive index of the 
matrix and the dispersed phase are nearly the same). The 
sheets have to be pressed thinner than 3 mm, because otherwise 
the pneumatic clips of the stretching frame can not hold the 
samples. The thinner sheets however fail immediately at tempe- 
ratures below 150 " C .  The maximal draw ratio at 170 "C is 1.6. 

morphology: 
The PS particles have a maximum diameter of 1 vm for PS weight 
concentrations of 5% en 10%. The nodules in the blend with 20 
wjw% PS have a LnaxlmUm diairieter of 1.7 P E ~  Figure 5 . 5  shows a 
SEM picture of cut surface of a drawn PC/PS blend. The PS 
particles in the drawn blends have indeed deformed into ellip- 
soids as predicted. 

Figure 5.5: Scanning Electron Micrograph obtained from PC/PS 90/10 blend 
drawn at I68 OC? A = I A  

Page 20 



Resul t s  and Discussion 

discussion: 
At temperatures above 150 "C and draw ratios below 1.5 the 
birefringent value is far too low to obtain a polarizing 
effect. This means a PC/PS polarizer can not be made on the 
used stretching frame. However the maximal birefringent value 
measured after unconstraint drawing for PC is 0.04. Even if it 
is possible to obtain this value on a constraint stretchin9 
frame, it is not likely that we have a good polarizer. This is 
because the refractive index of isotropic PC is not 1.60 as 
mentioned in the literature, but 1.584. As nisops = 1.59 and the 
refractive index of PC will slightly decrease (or remain the 
same if the drawing is ideal uniaxial constrained) in the 
direction perpendicular to drawing, the mismatch of the re- 
fractive indices in this direction will be at least 0.006. The 
maximal birefringent value of 0.04 we have achieved with 
unconstraint drawing will even be smaller with constrained 
drawing, because n,,(A) increases in the same way as a function 
of A, while n,(A) remains almost niso instead of decreasing. If 
we assume An(max) to be 0.04, the maximal mismatch will be 
0.034. 
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Results and Discussion 

In the most fortunate case the matching and mismatching of the 
PC/PS system will be: 

An,, (max) = Inlps-nllPcI= O .  034 
An, (min) = InLps-nLpcI= O .  006 

A schematic course of the refractive indices during the uni- 
axial constraint drawing is represented in Figure 5.6. 

ri 

I 

3 n PS 

1 ,§y I 2 

draw ratio 

Figure 5.6: Schematic representation of the refractive indices during drawing 
oftbe PCWS system 

In the ideal case, the matching An, will do, but the mismat- 
ching is to small to have a good polarizer. The PC/PS system 
is, like the PS/PC not suitable to make a polarizer. 



Conclusions and recommandations 

Chapter 6 

Conclusions and recommandations 

From the results of this project it must be concluded that a 
blend made out of Polycarbonate and Polystyrene can not be 
fabricated into a polarizer with the used fabrication methods. 

The blends with a PS matrix and PC as the dispersed phase 
failed as a result of voids which appear during drawing of the 
blend. As PC experiences very low shear as a result of the low 
interaction between PS and PC, and PC has a high elasticity 
coefficient at the drawing temperatures, there are tension 
concentrations at the nodules. As PS posseses a very poor 
thoughess, cracks develop and voids appear near the PC parti- 
cles. These voids scatter the incident light, so the blend 
becomes white and can not function as a polarizer, even if the 
desired refractive index match/mismatch will be achieved. 

The PC rich blends failed because the refractive index of 
Lexan 141 is lower than expected from the literature, the 
achieved maximal birefringent is relatively small, and the 
blends are hard to draw to a high draw ratio at a low drawing 
temperature. 

Recommandations for systems to explore in the future are: 
-Use a material which is easy to draw with a high maximal bi- 
refringent value as a matrix, so it is possible to achieve a 
proper matching and a severe mismatching (for instance PET) 

-Use a material which is very easy to deform at the temperatu 
re at which the blend is drawn as the dispersed phase, so 
there is less concentration of tension at the nodules. This 
way it is less probable that voids appear. 
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