a =S ol 1 % =< a a aal
HATBNNNTANNANIANIA T LANAMN RIGENGERN N@ﬂﬁl'ﬂ\‘i‘l‘ﬂtsﬁ UNNANNAA INTNAL

PILBNANTOL AI9TUU

kTl

f“mmﬁwuﬁﬁﬂumuuﬁwmmiﬁm:mmwa’”mzﬂmﬂ?mn&lﬁmmiummmumﬂmsﬁm
ANNIAINITNAN  NIARTNAAINTINLAN
ANEAFAINIINANART AWNAINTINMNINENAE
tnnsAnen 2546
ISBN 974-17-4995-3
A1&varesainaensaiAnange



EFFECTS OF LOW MOLAR MASS LIQUID CRYSTAL ADDITION ON
CRYSTAL STRUCTURE OF ISOTACTIC POLYPROPYLENE

Mr. Eakkalak Singnoo

A Thesis Submitted in Partial Fulfillment of the requirements
for the Degree of Master of Engineering in Chemical Engineering
Department of Chemical Engineering
Faculty of Engineeering
Chulalongkorn University
Academic Year 2003
ISBN 974-17-4995-3



Thesis Title EFFECTS OF LOW MOLAR MASS LIQUID CRYSTAL
ADDITION ON CRYSTAL STRUCTURE OF
ISOTACTIC POLYPROPYLENE

By Mr. Eakkalak Singnoo
Field of Study Chemical Engineering
Thesis Advisor Assistant Professor ML. Supakanok Thongyai , Ph.D.

Accepted by the Faculty of Engineering , Chulalongkorn University
in Partial Fulfillment of the Requirements for the Master’s Degree.

....................................... Dean of the Faculty of Engineering
(Professor Direk Lavansiri, Ph.D.)

THESIS COMMITTEE
Chairman
( Associate Professor Suttichai Assabumrungrat , Ph.D.)

.......................................... Thesis Advisor
( Assistant Professor ML. Supakanok Thongyai, Ph.D.)

............................................ Member
(‘Assistant Professor-Seeroong Prichanont, Ph.D.)

............................................ Member
( Bunjerd Jongsomjit, Ph.D.)



andnenl Aviry  uavesnadusdnacunalnana selpssairendngedle
Taunnsnnedlnswaw  (EFFECTS OF LOW MOLAR MASS LIQUID
CRYSTAL ADDITION ON CRYSTAL STRUCTURE OF ISOTACTIC
POLYPROPYLENE).o1asffitfinun : ue.as.ug. annun nadln) ,116 wi
ISBN 974-17-4995-3.

3

SO uq'qLﬁu‘ﬁl%ﬁﬂmLﬁ'mﬁuﬁﬂwmx‘imm?ﬁqmﬁmmmaLu@é’mmmwdw ne
alnsfau  waz answAnvanusalmana vie naimeseatluaiefion Tnaldndeq
qaN99ABLAAAIAULLILADINTIA  Scanning Electron Microscope (SEM)  Tunnsni
Tasaairanan uazldinalln small angle light scattering (SALS) lunisfnsngsnssunig
nsvAaugs  anvennsmatia X-ray Diffraction (XRD) TuﬂﬁsmﬁhLﬂ@'ﬁ%uﬁmqmﬂumﬁﬂ
anituilEn s FIADAAUNIG AN NGB MAINAN (Tm) uaz grunnieanuan (Tc) Tnanis
AAIZA Differential Scanning Dn‘fractlon (DSC) LW@mmHﬂummumuqumm@ummn
FANTRMEAMeSHAN  AINNAIAIZIINAI9 WUgY HlAnnudusAusEdnausazans
NARBY  NANIABKAILATIZI Small angle light scattering (SALS) azlmnudanndasil wa
AWAT¥Y X-ray Diffraction (XRD) e wodmesuandin wefifudmnuidunanuinndn ay
g nsvAwsamesldtnd - udewlunsdiveedlnafiauRduasiansag
ﬂgm‘mmmimu NN17ATIEIH DSC m@mﬁﬂmmmaimaﬂ@ﬁﬁ WAy naireseslulua
BEfIIN AINI0AR HIUN)NUANLIARINAN LW?’]UZQ’W?VN@@Q TlapAnunilanaaninaizaane
AlasuaN wﬂmmmmmm”l,muqmmmmmﬂ @ﬂmm?maﬂmmma‘lmaqmm waz Na
iasealuluaRafion ﬁqlﬂLﬁu@munﬁmmﬁﬂ‘anﬂELmﬁ?m:u LAtz NeR Tns RALT
mnmqvumnmLa‘qﬂ{]m‘mmﬂ@m WURAN LﬁmmﬂmmﬁﬂmmmmiuL@mrﬁ'ﬁ WAz NaLt
@@@@IuimmewwﬂﬁiuL@ﬂmm@umimmw mm@l‘wmmﬂ’wmnmmimmmmﬁrﬁhﬂdq

AN AAINTIINLAN AV DTATRB oo
a a = A dl rdl

#1071 AAINTINLAR ANNRTARVAVTENUTNE . oo

Un13Anmn 2546



##4570665421: MAJOR CHEMICAL ENGINEERING

KEY WORD: STATIC LIGHT SCATTERING / POLYPROPYLENE / LOW

MOLAR MASS LIQUID CRYSTAL / CRYSTALLIZATION
EAKKALAK SINGNOO : EFFECTS OF LOW MOLAR MASS LIQUID
CRYSTAL ADDITION ON CRYSTAL STRUCTURE OF ISOTACTIC
POLYPROPYLENE. THESIS ADVISOR: ASSISTANT PROFESSOR ML.

SUPAKANOK THONGYAI, Ph.D., 116 pp. ISBN 974-17-4995-3.

This research is concerned with studying the crystallization and the
morphologies of polymer blends between isotactic polypropylene and low molar
mass liquid crystal chemical (LCC) or glycerol monostearate (GMS). Propylene
polymerization was carried out using the ansa-metallocene Et[Ind],ZrCl, as catalyst
and methylaluminoxane (MAO) as cocatalyst and Ziegler-Natta - synthesized
polypropylenes were purchased . The blends were investigated by Small Angle Light
Scattering (SALS) , X-ray Diffraction (XRD) , Differential Scanning Calorimetry
(DSC) and Scanning Electron Microscope (SEM). The correlative results of each
analytically characteristic techniques were observed. Comparation between light
scattering results obtained from SALS technique and crystallinity results from
XRD technique are corresponded In the case of metallocene-synthesized
polypropylene , namely better light scattering come from higher crystallinity. LCC
and GMS can also slightly decrease melting temperature of the blends because they
reduce melt viscosity of the blends ,therefore melting phenomena can occur at
lower temperature. In the case of Ziegler-Natta - synthesized polypropylene,
crystallization temperature of the GMS and LCC. blends significantly increase
because LCC and GMS are able to- enhance molecular mobility, therefore

crystallization is able to occur at higher temperature .

Department  Chemical Engineering Student’s signature...................coveeee..
Field of study Chemical Engineering Advisor’s signature.................ccoevveenns

Academic year 2003



Acknowledgement

I would like to express my deeply gratitude to my advisor :
Assistant Professor ML. Supakanok Thongyai, Ph.D. to his continuous guidance
, enormous number of invaluable discussions , helpful suggestions and warm
encouragement. I am grateful to Associate Professor Suttichai Assabumrungrat
,Ph.D. , Assistant Professor Seeroong Prichanont, Ph.D. and Bunjert Jongsomjit,
Ph.D. for serving as chairman and thesis committees , respectively , whose
comments were constructively and especially helpful.

Sincere thanks are made to the Scientific and Technological
Research Equipment Center , Chulalongkorn University for wusing scanning
electron microscope (SEM) , the Central Instrument Facility (CIF) , Mahidol
University for using differential scanning calorimetry measurement (DSC) and
the Metallurgy and Materials Science Research Institute , Chulalongkorn
University for using high temperature X-ray diffraction (XRD) in this study.

Sincere thanks to all my friends and all members of the Center
of Excellence on Catalysis and Catalytic Reaction Engineering Research Laboratory
and all members of the polymer Engineering Research Laboratory , Department of
Chemical Engineering , Chulalongkorn University , for their assistances and
friendly encouragement.

Finally , I would like to dedicate this thesis to my parents and
families-; who "generous supported and encouraged me through -the 'year spent
on this study.



vii

2.2.4.2 Structure of liquid Crystals.............coocoe i,

Contents

Page

ADSEract (IN THAT) ... ... e e e eaeee eIV

Abstract (IN ENglish) ... v

ACKNOWIEAGEMENL. ... e e e e e e e vi

[0 1 (=T 01 £ PP / |

List Of Tables. .. .. X

[ Ao o 0 2 PP Xi
Chapter

I 11 0o 104 1 T o 1R PP 1

1.1 General INtrodUCTION. ..ot ce e it et et e e e e e e 1

1.2 The objectives Of thiSresearch..........cccooviiit i, 3

1.3 The scope of this research...........ccoeiiiii it e, 3

I Theories.......cooveiiiinin i !

2.1 Metallocene CatalystS. ....ccc.ivuiiiiiiie i it

2.1.1 Tailoring of metallocene catalysts.................ccoveeiiin il b

2.1.2 Isotactic polymers using metallocene catalysts.......................6

2.1.3 Single-Center CatalystS......ooine it 7

2.1.4 Cocatalytic Systems for Metallocene-Based Catalysis (MBC).....9

2.2 Polymer Morphology.........ooiiiiiiiiiiiin i e 10

2.2.1 The Amorphous State.............coveeieiiiiineiniininniniininene ... 10

2.2.2 Glass Transition Temperature , Tg........cocvvvrvveinniiinennennnnn, 10

2.2.3 The Crystalline Polymer............. i 11

224 Liquid Crystal.......c.ueeeie i 13

2.2.4.1 Introduction-to the liquid-crystal.......................... 13

2.2.4.2.1 Smectic structure...........cccovevii e e vneenn 14

2.2.4.2.2 Nematic Structure.....co.cu. i e, 15

2.2.4.2.3 Cholesteric or chiral ' nematic structure.............15

2.2.4.2.4 DiscotiC StrucCture..........coovvviviveiiiiiiiiiinna 16

2.2.4.2 Mesophasic Transition Temperature........................ 17

2.3 Melting PhenomeNa.........oveiiiie e e e e 18
2.4 Thermal Properties.........oovvii it i e e e e, 18

2.5 Structure of Crystalline POlymers..........oooiiiiiiiiiiiiii e,
2.6 Crystal Structure in polymers.........cocoviiiiiiiiiiiinnnns



viii

Contents (continued)

Page

2.6.1 Crystallization from dilute solution...............ccccoeiiiinin 20
2.6.1.1 Polymer Single Crystals..........coovvvviiiiiiiiiiiiiinin, 20

2.6.1.2 The Folded Chain Model..........cccoooiiiiiiiiiiiiien, 21

2.6.1.3 The Switchboard Model.............c.ccooiiiiiiii s 21

2.6.2 Crystallization From the Melt................coiiiiiiiii e 21
2.6.2.1 Spherulitic Morphology.........ccovviiiiiiiiiiiee e 21

2.6.2.2 Mechanism of Spherulite Formation........................ 23

2.6.2.3 Spherulites in Polymer Blends................oovoiieiiiniis 23

2.6.2.4 Effect of Crystallinity on Tg.......ccoovvvvvvvinnien.n. 24

2.7 Light Scattering TheOrY .......c.uiiiieie it 24
2.8 Polymer Blends.... ..o 26
2.8.1 The Blends Preparations. ..........ccoevieesviiiiiiiiiiiineneenn 26

2.8.1.1 Melt MiXiNg... ..o ocvieienieiiieeiieiie e nenenn. .26
2.8.1.2 Solvent Casting.........ccooeiieiiiiiieiiiiiieiieeeenn e 26

2.8.1.3 Freeze DIYING....ceoiteueit it e aeienee e 27

2.8.1.4 EMUISIONS. .. ciuiiiiiiint it i et e e eie e aeaae 27

2.8.1.5 Reactive Blend............ooiiii i, 28

2.9 Permanganic etChing..........ccociiiieiiiiiii i 28

I Literature REVIBWS. .. ... it e et e e e e e e et e ee e 29
IV EXPEIIMENTS. ...ttt e et st et et et et e eaeeae e re e e teeeaneeeee22 3D
4.1 Materials and Chemicals...........c.ocoiiiiiiiiian i, 35

4.1.1 SYNthesSIS Part. ... e e e e e 35

4.1.2 Polymer Blend Part...... ... 36

O o [T o] 1 PP ¥
4.2.1 Synthesis Part.....ccoooi it e 3T

4.2.2 Polymer Blend Part.... .. ..o e 40
4.3 Polymerization ProCedure..........coouiiuuiiiieiie i aie e vennenaas 40
4.4 -Sample Preparations.. .. b, G b i G b, 41

4.4.1 Sample preparation for light scattering (SALS)...........o....... 41

4.4.2 Sample preparation for scanning electron microscope (SEM)....41

4.4.3 Sample preparation for X-ray Diffraction (XRD).................. 42

4.4.4 Sample preparation for Differential Scanning

Calorimetry (DSC)..cveeieee et et it e e e e 42

4.5 Characterization INStrUMENTS........coiviiii it 43
4.5.1 Small Angle Light Scattering (SALS).........cccvvvieiiiinnn. ... 43
4.5.2 Scanning Electron Microscopy (SEM).......cccooviiiiiiiiiennnn. 44

4.5.3 Differential Scanning Calorimetry (DSC)........c.cocvvvvivinenn.n. 45



Contents (continued)

Page

4.5.4 X-Ray Diffraction (XRD).......ccceovviiiiiiiiiiiiiiiiiiieee 45

V Results and Discussions.. PP/ | o
5.1 Polymerization of Propylene ceeeen...46

5.1.1 The Effect of Polymerlzatlon Time on Catalytlc Act|V|ty ........ 46

5.2 Light Scattering Measurement.............cccvevieiieinienieniennenn..... 48

5.2.1 Scattered light photographs.............cccooivviiiiiiinnn. ... 48

5.2.2 Digital Intensity data........ccocoieoeiniiiiiiiiee e 55

5.2.2.1 Smoothing Digital Intensity Data..................ocovenee. 57

5.2.2.2 Removing the beam StOpP..........ccovvviiiiiiiiiiiiiinnen. 66

5.3 Differential Scanning Calorimetry (DSC)...............c..ceevtet......68

5.4 Scanning Electron Microscopy (SEM).........ccoovviiiiiiiiiiiiiinn. 71

5.5 X-Ray Diffraction (XRD).......ccuveiiiiiiiin i, 76

VI Conclusions and Recommendations.............c.vceiiiieiiiniiieineeneinnenen85
References.............. o0 . . 0. Fob (COR. AR08
APPENAICES. .. et et et i e e e et e e e eee e eneeneeee e 90
Appendix A : The light scattering measurement and etching .................91
Appendix B : The data of DSC characterization ...................ccvvueens 92
Appendix C : The data of XRD characterization .....................ccee..e. 107

Vit oo i AN VAN . ............ce i eeeeneln. 116



List of Tables

Table 5.1 : Yields and catalytic activities of polypropylene produced
at different polymerization time . "
Table 5.2 : Properties of polypropylene that synthe3|zed by

metallocene catalyst and Ziegler-Natta catalyst.................ccoooeennn.

Table 5.3 : Melting temperature and Crystallization temperature of

Polypropylene and their blends.........cc...ooooiiiiiiiiiiiiin .

Table 5.4 : Melting lattice energy and Lattice energy of polypropylene
and their blends..

Table 5.5 :% Crystallinity of polypropylenes and their blends................

Page

...46



Figure 2.1 :

Figure 2.2 :

List of Figures

The mechanism of olefin polymerization using
metallocene catalysts...
Different types of polymer tacticity...

Figure 2.3 :The production of isotactic polymers using chiral

Figure 2.4
Figure 2.5
Figure 2.6

Figure 2.7

Figure 2.8

Figure 2.9

Figure 2.10
Figure 2.11

Figure 2.12 :
Figure 2.13:
Figure 4.1
Figure 4.2
Figure 4.3
Figure 4.4
Figure 5:1

Figure 5.2

Figure 5.3

Figure 5.4

metallocene catalysts

of Nematic structure

of Cholesteric structure

of Discotic structure

Model of spherulitic structure..

A typical photographic light scatterlng apparatus ...................
: Schlenk line

polymerization times

at different polymerization times..

. Scattering light photographs of pure polypropylenel
...... 49

and their blends of LC and GMS

: Organometallic complexes employed in olfin polymer..................
: Three different configurations of a polypropylene.....................
: (a) Smectic structure. (b)liquid crystal chemical structures
OF SMECHIC SIIUCIUNE. ..« e e e e e e e e e e e e
- (a) Nematic structure. (b) liquid crystal chemical structures
> (@) Cholesteric structure. (b) liquid crystal chemical structures
. (a) Discotic structure. (b) liquid crystal chemical structures
: Phase transition of Liquid Crystal
: The fringed micelle model. Each chain meanders from

crystallite to crystallite, binding the whole mass together-.....

TS ChIENK TUDE . . e i e e
T GIOVE DOX . e e e

:A schematic diagram of static light scattering equipment
: Yield of polypropylene produced: at different

. Catalytic activity of polypropylene produced

. Scattering light photographs of pure polypropylene 2
and their blends of LC and GMS...........coiiiiiiiiiiiiie.

Xi

Page

...50



Figure 5.5

Figure 5.6

Figure 5.7

Figure 5.8

Figure 5.9

Figure 5.11:
Figure 5.12:

Figure 5.13:

Figure 5.14:

Figure 5.16:

List of Figures (continued)

. Scattering light photographs of pure polypropylene 3

and their blends of LC and GMS..

. Scattering light photographs of pure polypropylene4

and their blends of LC and GMS..

. Scattering light photographs of pure polypropylene5
and their blends of LC and GMS....................oooni.
. Scattering light photographs of pure polypropylene 6

and their blends of LC and GMS..

Smoothed contour graphs of (a) pure polypropylene 1

,(b) polypropylenel /1% LC and (c) polypropylene 1
/1% GMS bBIENdS. ..o

Smoothed contour graphs of (a) pure polypropylene 2

,(b) polypropylene2 /1% LC and (c) polypropylene 2
1 1% GMS BIeNdS ...

Smoothed contour graphs of (a) pure polypropylene 3

,(b) polypropylene 3 /1% LC and (c) polypropylene 3
/ 1% GMS blends
Figure 5.15:

Smoothed contour graphs of (a) pure polypropylene 4
,(b) polypropylene4 /1% LC and (c) polypropylene 4

/ 1% GMS blends.. 3 .
Smoothed contour graphs of (a) pure polypropylene5
,(b) polypropylene5 /1% LC and (c) polypropylene 5
/1% GMS blends
Figure 5.17%

Smoothed contour-graphs of (a) pure polypropylene 6
,(b) polypropylene6 /1% LC and (c) polypropylene 6

/ 1% GMS blends..

Figure 5.18 : Contour graphs of (a) pure polypropylene 4

(b) polypropylene 4/ 1% LC and

(c) polypropylene 4/ 1%GMS.......cccovi i,

Figure 5.19 : SEM Photograph of polypropylene that synthesized

by mMetalloCene.........cooviiiiiiiii

Xii

Page

..ol

- Scattered light contour graphs of (a) Pure Polypropylene 1

,(b) Polypropylene 1/1% LC and (c) Polypropylene 1/1% GMS
Figure 5.10 : Schematic diagram of smoothing procedure...............ccccevenn...
Contour graphs of trial and error in smoothing intensity data..

...... 55

.59

...63

...65



Figure 5.20 :

Figure 5.21 :

Figure 5.22 :

Figure 5.23 :

Figure 5.24 :

Figure 5.25

Figure 5.26 :
Figure 5.27 :
Figure 5.28 :
Figure 5.29 :
Figure 5.30 :
Figure 5.31 :
Figure 5.32 :
Figure 5.33:
Figure 5.34 :
Figure 5.35:
Figure 5.36 :
Figure 5.37 :
Figure 5.38 :
Figure 5.39 :
Figure 5.40 :
Figure 5.40 :
Figure 540¢

Figure B-1
Figure B-2
Figure B-3
Figure B-4
Figure B-5
Figure B-6
Figure B-7
Figure B-8
Figure B-9

List of Figures (continued)

SEM Photograph of polypropylene that synthesized

by metallocene and their blends...................c.oiinl .

SEM Photograph of spherulites of polypropylene 4

and their blends. ..o

SEM Photograph of spherulites of polypropylene 5

and their blends. ..o

SEM Photograph of spherulites of polypropylene 6

and their blends. ...

X-ray diffractograms of amorphous reflection of
Polypropylene..............

: X-ray diffractogram of pure polypropylene 1.....................
X-ray diffractograms of polypropylene1/1% LCP............
X-ray diffractograms of polypropylene 1/1% LCP ...........
X-ray diffractogram of pure polypropylene 2.....................
X-ray diffractograms of polypropylene 2/ 1% LCP............
X-ray diffractograms of polypropylene 2 /1% LCP ...........
X-ray diffractogram of pure polypropylene 3.....................
X-ray diffractograms of polypropylene 3/1% LCP............
X-ray diffractograms of polypropylene 3/1% LCP ...........
X-ray diffractogram of pure polypropylene4.....................
X-ray diffractograms of polypropylene4 /1% LCP............
X-ray diffractograms of polypropylene 4/1% LCP ...........
X-ray diffractogram of pure polypropylene5.....................
X-ray diffractograms of polypropylene5/1% LCP............
X-ray diffractograms of polypropylene5/1% LCP ...........
X-ray diffractogram of pure polypropylene6....................

X-ray diffractograms of polypropylene 6/1% LCP............
X-ray diffractograms of polypropylene6/1% LCP...........
: DSC curve of Pure Polypropylene 1............co...vs
: DSC curve of Pure Polypropylene 2.............cocooiniine,
: DSC curve of Pure Polypropylene 3..........c.ccooiiininnen,
: DSC curve of Pure Polypropylene4.............cocooiiniine,
: DSC curve of Pure Polypropylene5.............coooininii,
: DSC curve of Pure Polypropylene6.............ccccovvvennee,
: DSC curve of Polypropylene 1/ 1% LCC............cceenne...

: DSC curve of Polypropylene 2/ 1% LCC............c.ceenn....

: DSC curve of Polypropylene 3/ 1% LCC...........ccceenne...

Xiii



Figure B-10
Figure B-11
Figure B-12
Figure B-13
Figure B-14
Figure B-15
Figure B-16
Figure B-17
Figure B-18
Figure C-1
Figure C-2
Figure C-3
Figure C-4
Figure C-5
Figure C-6
Figure C-7
Figure C-8
Figure C-9
Figure C-10
Figure C-11
Figure C-12
Figure C-13
Figure C-14
Figure C-15
Figure C-16
Figure C-17
Figure C-18

List of Figures (continued)

: DSC
: DSC
: DSC
- DSC
- DSC
- DSC
- DSC
- DSC
: DSC
: Amorphous
- Amorphous
- Amorphous
: Amorphous
- Amorphous
: Amorphous
- Amorphous
: Amorphous
- Amorphous
: Amorphous
: Amorphous
- Amorphous
- Amorphous
: Amorphous
: Amorphous
: Amorphous
: Amorphous
: Amorphous

curve
curve
curve
curve
curve
curve
curve
curve
curve

of
of
of
of
of
of
of
of
of

Polypropylene 4/ 1% LCC...................
Polypropylene 5/ 1% LCC...................
Polypropylene 6/ 1% LCC............ccoevvenenn..
Polypropylene 1/ 1% GMS..............ccooieen .
Polypropylene 2/ 1% GMS...............ccoeeen .
Polypropylene 3/ 1% GMS...............ccoeeen .
Polypropylene 4/ 1% GMS...............ccocenen .
Polypropylene 5/ 1% GMS...........ccocevvveann.n.
Polypropylene 6/ 1% GMS...........ccoceivienn ..
curve of pure polypropylenel..................
curve of polypropylenel/ 1%LCC............
curve of polypropylenel/ 1%GMS............
curve of pure polypropylene2..................
curve of polypropylene2/ 1%LCC............
curve of polypropylene2/ 1%GMS............
curve of pure polypropylenes3..................
curve of polypropylene3/ 1%LCC............
curve of polypropylene3/ 1%GMS............
curve of pure polypropylenes4..................
curve of polypropylened/ 1%LCC............
curve of polypropylened/ 1%GMS............
curve of pure polypropylene5..................
curve of polypropylene5/ 1%LCC............
curve of —polypropylene5/1%GMS............
curve of pure polypropylene6..................
curve of polypropylene6/ 1%LCC............
curve of - polypropylene6/ 1%GMS............

Xiv



CHAPTER |

Introduction

1.1 General Introduction

Most ordinary people have been familiar with polymers , since the first
synthetic polymer was made in the beginning of 20™ century. Their development
and commercialization has been spectacular. Regarding where we are or
whatever we are doing , the probability of having something made by plastic
around us is really high, for example , toys , pipes , many parts of cars and
planes , are made from polymeric materials. Their easy processing and cheap
price have been the key to their success.

Polyolefins are the most common and at the same time simplest
polymer group. The basic polymers of this group are polyethylene and
polypropylene. They were synthesized for the first time in 1933 in the
laboratories of Imperial Chemical Industries (ICI), England , under high pressure
conditions , and their industrial production began 10 years later in the United
states. Since then , various processes for their production have been developed.

Polypropylene (PP) is one of the most important plastics nowadays. Its
properties depend largely on the microstructure , the molecular weight and the
molecular weight distribution and can be tuned over a wide range. The most
commercial form of polypropylene is isotactic polypropylene which features
good stiffness , high melting ‘temperature ‘and tensile strength , good chemical
resistance and excellent moisture barrier properties (Del Duca , D. et al. 1996).
Polypropylene.is for example used in packaging (films , containers etc.) , domestic
appliances and automotive applications (\Wolfsberger ,A. et al 2002) (Qertel , C.G.
et al.1996).

Commercially available polypropylene is usually synthesized with
Ziegler-Natta type catalysts , but also metallocene-polypropylene is now
commercially available (Sherman ,L.M. 2002) . The advantage of metallocene-
polypropylene is the possibility to fine-tune the properties by varying the
metallocene structure. It is common knowledge that itis possible to synthesize



not only isotactic but also syndiotactic polypropylene with a broad range of
molar masses with metallocene/MAO catalysts (Busico , V. et al.2001)

It has been know for along time that the properties of polymers can
be improved by the addition of organic or inorganic fillers. It is interesting to
further alter and improve the properties of polypropylene by the addition of
fillers to create new materials and thereby extend its area of application.

There are three principal routes to produce filled polymers (Bergman ,
J.S. 1999)(Morgan , A.B. 2001). In solution blending , the filler is treated with a
polymer in solution , and the solvent is then evaporated to yield the filled
polymer. They can also be prepared by a melt mixing processes , in  which
molten polymer and filler are mixed under the influence of shear forces, and
by the in-situ polymerization , in which the polymer is synthesized directly in
the presence of the filler.

The light scattering technique provide information about structure having
size of the order of the wavelength of visible light such as fluctuations in
density and fluctuations in refractive index of anisotropic regions. For
morphology observation , using highly powerful microscopes , it can reveal the
internal morphology which is impossible to see with bare eyes. The normal
technique is optical microscope. However , as sane blends have very tiny
components , other more powerful technique are required such as scanning
electron microscope , SEM. It should be noted that in order to see the
norphology clearly ,preliminary treatments are sometimes necessary , for example,
etching.

To enable the study of crystallization of polypropylene , the high
temperature X-ray diffraction technique was used. And differential scanning
calorimetry ~ was " wused: to -estimate - melting temperature  and - crystallization
temperature. Two technique of XRD and DSC were used "tofacilitate correlative
with SALS technique.



1.2 The Objectives of this Research

The objectives of this research are to investigate effects of low
molar mass liquid crystal chemical (LCC) and glycerol monostearate (GMS)
addition on crystal structure of isotactic polypropylene blend by using small angle
light scattering (SALS) , X-ray diffraction (XRD) , scanning electron microscope
(SEM) and differential scanning calorimetry (DSC) techniques for characterization.

1.3 The Scope of this Research

1.3.1 Synthesize isotactic polypropylene by using metallocene catalyst
in amount of three samples with varying polymerization times.

1.3.2 Operate polymer blending between isotactic polypropylene and low
molar mass liquid crystal chemical (LCC) or glycerol monostearate GMS) by using
melt mixing method.

1.3.3 Investigate melting temperature (Tm) and crystallization temperature
(Tc) of polymer blends by using differential scanning calorimeter (DSC)
technique.

1.3.4 Create light scattering database of polymer blends between
polypropylene and low molar mass liquid crystal chemical (LCC) or glycerol
monostearate (GMS) by using the static light scattering apparatus (SALS) which is
modified to increase the efficiency. This modified apparatus can provide the light
scattering photograph and its digital intensity data at every angles of the light
scattering photograph.

1.3.5 Operate X-ray diffraction (XRD) in order to estimate % crystallinity
of polymer and its blends.

1.3.6 Observe the morphology of these polymers by using scanning
electron microscope (SEM) to find the radius of spherulite which is the required
information for the study of crystallization.



CHAPTER II

Theories

2.1 Metallocene Catalysts

The first catalytic studies of metallocene complexes provided detail
information on the ability of Cp,TiCl, / DEAC and Cp,TiCl, / TEA to
polymerize ethylene (Natta el al., 1957). Due to their marginal activity and
inability to polymerize propylene , these system received little attention. However
, since the advent of polymethylalumoxane (MAO) as a cocatalyst in 1980 , they
have found renewed interest (Sinn and Kaminsky , 1980). Dramatic improvements
in activity along with the discovery of stereospecific metallocene systems have
fueled numerous intense research efforts in the field. The proposed mechanism of
metallocene-catalyzed polymerization is shown in Figure 2.1
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Figure 2.1 : The mechanism of olefin polymerization using metallocene catalysts.
(Long , 1998)



2.1.1 Tailoring of metallocene catalysts

Catalytic tailoring via the ligand modification of the catalyst system is one

of the modifications. This leads to the specific changes in the catalytic activity and
properties of the product. The important factors affecting catalytic performance
are as follow :

()

(b)

(©

(d)

Transition metal-olefin interactions. The olefin has a Lewis basic character
with respect to the metal and therefore acts as an electron donor. The c- and «t-
bonds formed between the metal and olefin destabilize and activate the olefin
for insertion into the polymer propagating chain. Olefin co-ordination also
destabilizes the M-R (M= metal, R= alkyl) bond. The stability of olefin co-
ordination to M decreases with increasing olefin size.

Metal-alkyl bond stability. Fine adjustment of the M-R bond is possible by
variation of ligand electronic effects. The M-R bond should be relatively weak
to permit facile opening and olefin insertion to form a new metal-alkyl bond
but also strong enough to favor catalytic lifetimes. The strength of this bond
depends on R itself and the stability decreases in the order Me > Et >
(CH,),CHes. Olefin coordination is also another method of weakening the M-R
bond in preparation for migratory insertion.

Influence of other ligands. Considering the Cp rings and substituents attached
to them, then if the ligand system used is a good electron donor it will reduce
the positive charge on the metal. This weakens the bonding between the metal
and all other ligands, particularly the already relatively weak M-R bond,
making insertion more facile. Conversely, this will also stabilize high
oxidation state complexes and -make co-ordinate of the incoming olefin more
unfavorable and so a balance must be found between these effects.

Steric effects of the other ligands. Bulky ligands will aid stereospecific olefin
coordination and polymerization (Figure 2.2). Steric-effects influence the
position of bulky monomers when coordinated with the metal center therefore
the stereospecific insertion can be obtained throughout the polymerization
time. The coordination site can be opened or closed by controlling the angle
that the cyclopentadienyl rings tilt away from each other. Shortening or
lengthening the bridge in ansa-metallocenes can lead to much improved
monomeric stereoselectivity (Long,1988)
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2.1.2 Isotactic polymers using metallocene catalysts

The modification of group 4 metallocenes to produce 'catalysts capable of
isospecific is possible. Polymerization developed slowly however dramatic successes
were reported in the mid-1980s, Prior to this time, catalysts using achiral [Cp,MClI;]
systems could only produce atactic polypropylene. Then Ewen (1984) reported the
use of metallocene-based catalysts for the isospecific polymerization of propylene
using Brintzinger chiral ansa-metallocenes. It was shown that using a combination of
meso and racemic ansa-metallocenes, a mixture of atactic and isotactic polymer
chains were produced and soon it was recognized that the isotacticity of the polymer
was directly related to the chirality of the metallocene that produced it. This was




confirmed when isotactic polypropylene was formed using an isomerically pure
sample of a chiral zirconocene analogue.

Corradini has carried out studies on conformational modeling and found that
the polymer chain is forced into an open region of the metallocene thus relaying the
chirality of the metallocene to the incoming monomer through the orientation of the
[-carbon of the alkyl chain (Corradini et al.,1995). These chiral metallocenes have C,
symmetry with both possible reaction sites bring homotropic and therefore selective
for the same alkene enantioface. The result is a polymerization reaction that yields an
isotactic polyalkene (Figure 2.3).

Figure 2.3 :The production of isotactic polymers using chiral metallocene catalysts.
(Long,1998)

2.1.3' Single-Center Catalysts

The demonstrated potential of the metallocene/MAQO system has paved the
way to the discovery of many other organometallic complexes suitable for olefin
polymerization. They are represented in Figure 2.4.

The catalytic systems based on these complexes are : (1) single-center i.e. the
catalytic centers responsible for the chain propagation have the same nature, (2)



soluble in most aliphatic and aromatic solvents and, nevertheless, active also in liquid
monomers and in the gas phase and (3) in many cases endowed with high catalytic
activity. Furthermore, (4) the organometallic complexes have a well-defined chemical
structue and (5) the = ligands remain coordinated to the transition metal atom during
the course of the polymerization.

R)

(1) (2) (3)

Figure 2.4 : Organometallic complexes employed in olefin-polymerization.
(Scheirs,1999,p.310)

Nowadays, all these families of single-center catalysts are used for the
preparation of polyolefins, to a different extent also on the industrial scale. As far as
the performances of the single-center catalysts are concerned, it is possible to say that
(1) only metallocenes are, at present, mature catalysts for the synthesis of
stereoregular polyolefins and (2) any of the single-center catalysts can be in principle
suitable for preparing ethylene-based homo- and copolymers. In fact, in this case the
catalyst need not necessarily be stereospecific. This explains the wide application of



complexes other than metallocenes e.g. (3) and (5) in Figure 2.5., for the preparation
of ethylene-based polymers, from HDPE (high-density polyethylene) to EP(DM)
(elastomeric copolymers of ethylene and propylene with a diene).

2.1.4 Cocatalytic Systems for Metallocene-Based
Catalysis (MBC)

Cocatalyst alternatives to MAO have appeared on the scene and have been
proved able to Promote the homo- and copolymerization of ethylene and 1-olefins,
e.g., in the first instance, boron containing compounds (Hlatky, 1989). Montell
scientists have discovered and developed cocatalysts based on AIR; and H;O
(Resconi et al., 1993). They can be prepared and isolated as a tetraalkylalumoxane or
can be formed in situ, during the process, adoping a suitable Al : H,O ratio.

In the scientific literature, the performances of different metallocenes are
usually compared adopting MAO-based polymerization tests. AS a consequence, any
difference, for example, as far as the catalytic activity, is completely attributed to the
structure of the metallocene. Different aluminium-based cocatalysts give rise to
different catalytic activities and an MAO-based system is not necessarily the most
active one. This suggests the need for the new approach to the evaluation of the
metallocene-based results.



10

2.2 Polymer Morphology

Generally , there are two morphologies of polymers ; (a) amorphous and
(b) crystalline. The former is a physical state characterized by almost complete
lack of order among the molecules. The crystalline refers to situation where
polymer molecules are oriented , or aligned. Because polymers for all practical
purposes never achieve 100 % crystallinity , it is more practical to categorize
their morphologies as amorphous and semi-crystalline.

2.2.1 The Amorphous State

Some polymers do not crystallize at all. Therefor they remain in an
amorphous state throughout the  solidification. The amorphous state is
characteristic of those polymers in the solid state that, for reasons of structure,
exhibit no tendency toward crystallinity. In the amorphous state , the polymer
resembles as a glass.

We can imagine the amorphous state of polymers like a bowl of
cooked spaghetti. The major difference between the solid and liquid amorphous
states is that with the former , molecular motion is restricted to very short —
range vibrations and rotations , whereas in the molten state there is considerable
segmental motion or conformational freedom arising from rotation about
chemical bonds. The molten state has been liken on a molecular scale to a can
of worms, all intertwined and wriggling about , except that the average worm
would be extremely long relative to its cross — sectional area. When an
amorphous polymers achieves a certain degree of rotational freedom, it can be
deformed. If there is sufficient freedom, the polymer flows when the molecules
begin to move past one another. At low temperatures amorphous polymers are
glassy , hard and brittle. As temperature is raised , they go through the glass -
rubber transition characterized ‘by -the 'glass transition temperature Tg.

2.2.2 Glass Transition Temperature, Tg

One of the most important characteristics of the amorphous state is the
behavior of a polymer during its transition from solid to liquid. If an
amorphous glass is heated , the Kkinetic energy of the molecules increases.
Motion is still restricted , however , to short — range vibrations and rotations so
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long as the polymer retains its glasslike structures. As temperature is increased
further , there comes X, a point where a decided change takes place ; the polymer
loses its glasslike properties and assumes those more commonly identified with
a rubber. The temperature at which this takes place is called the glass
transition temperature , Tg. If heating is continued , the polymer will eventually
lose its elastomeric properties and melt to a flowable liquid. The glass
transition temperature is defined as the temperature at which the polymer
softens because of onset of long — range coordinated molecular motion. The
amorphous parts of semicrystalline polymers also experience glass transition at
a certain temperature Tg.

The importance of the glass transition temperature cannot be
overemphasized. It is one of the fundamental characteristics as it relates to
polymer properties and processing. The transition is accompanies by more long
— range molecular motion , greater rotational freedom and consequently more
segmental motion of the chains. It is estimated that between 20 and 50 chain
atoms are involved in this segmental movement at the Tg. Clearly for this
increased motion to take place, the space between the atoms (the free volume)
must increase , which gives rise to an increase in the specific volume. The
temperature at which this change in specific volume takes place , usually
observed by dilatometry (volume measurement) , may be used as a measure of
Tg. Other changes of a macroscopic nature occur at the glass transition. There
is an enthalpy change , which may be measured by calorimetry. The modulus ,
or stiffness , decreases appreciably , the decrease readily detected by mechanical
measurements. Refractive index and thermal conductivity have also been changed.

2.2.3 The Crystalline Polymer

Polymers crystallized ' in- the ‘bulk state ‘are never totally crystalline ,
because of a consequence of their long — chain nature and subsequent entanglements.
The melting temperature of the polymer, Tm,is always higher than the glass
transition temperature , Tg . Thus the polymer may be either hard and rigid or
flexible. For example , polypropylene which has a glass transition temperature
of about -5 °C and a melting temperature of about 175 °C. At room
temperature it forms a leathery product as a result. Factors that control the Tm
include polarity , hydrogen bonding and packing capability.
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The development of crystallinity in polymers depends on the regularity
of structure in the polymer , the tacticity of the polymer. The different possible
spatial arrangements are called the tacticity of the polymer. If the R groups on
successive pseudochiral carbons all have the same configuration, the polymer is
called isotactic. When the pseudochiral centers alternate in configuration from
one repeating unit to the next, the polymer is called syndiotactic. If the
pseudochiral centers do not have any particular order, but in fact are statistical
arrangements , the polymer is said to be atactic.

Thus isotactic and syndiotactic structure are both crystallizable , because
of their regularity along the chain but their unit calls and melting temperatures
are not the same. On the other hand , atactic polymers are usually completely
amorphous unless the side group is small or so polar as to permit some
crystallinity.
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Figure 2.5 : Three different configurations of a polypropylene [Sperling, L.H. 2001]

Nonregularity of structure first decreases the melting temperature and
finally prevents crystallinity. Mers of incorrect tacticity tend to destroy
crystallinity. Thus statistical copolymers are generally amorphous. Blends of
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isotactic and atactic polymers show reduced crystallinity , with only the isotactic
portion crystallizing. Furthermore , the long — chain nature and the subsequent
entanglements prevent total crystallization.

2.2.4 Liquid crystal
2.2.4.1 Introduction to the liquid crystal

Liquid crystals were discovered more than a hundred years ago. They are
defined as liquid material, which also have the high degree of anisotropy. One of the
important manifestations of LCs is their melting behavior. When heating normal
crystalline solid, it changes from solid phase directly to isotropic liquids at its
crystalline melting point (Ty). In liquid crystalline materials, several different
mesophases may form after their T, and the mesophases will become isotropic at the
higher transition temperature called clearing temperature. The transition properties of
liquid crystals come from the rigid parts of their molecules, which are called
mesogens. Mesogens may consist of low molecular weight compounds. They may be
arranged along the main polymer chain or on side branches of the graft molecules.

The liquid crystalline state can be discovered as small molecules or polymers
and generally requires special chemical structures. The chemical structures are
composed of the central core comprising aromatic or cycloaliphatic units joined by
rigid links or either polar or flexible alkoxy terminal groups.

The mesophase may exist in solution state (Lyotropic liquid crystal) or in a
melting state (Thermotropic-liquid crystal). The ability of the polymers to form
Lyotropic or thermotropic liquid crystalline mesophases depends on the chemical
structure of the molecules.

The formation of a Lyotropic liquid crystalline mesophase can be present
alone or in equilibrium with an isotropic liquid phase. At higher polymer
concentrations the liquid crystalline mesophases depends on the chemical structure of
the molecules.

The presence of mesogenic groups is important for the anisotropic formation
of liquid crystals in solutions and melt, but the occurrence of the liquid crystals also
depends on many other factors such as temperature. Liquid crystals form only in a
certain temperature range which lies between the melting point, Tm and the upper
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transition temperature at which a liquid crystalline phase changes into an isotropic
liquid or clearing point, Ti. This temperature is also called the temperature of
isotropisation or the solution point. If the material being tested does not crystallized,
liquid crystal are formed between the glass transition temperature, Tg, and
temperature of isotropisation Ti.

In order to use liquid crystals, it is essential that the range of the mesophase
extends over a wide temperature range. However, compounds containing a
mesophase, particularly polymer, have a high melting point, and the melting point of
crystals is often a limiting factor, since the range of the liquid crystalline transition
may be located in the range of thermal decomposition.

2.2.4.2 Structure of liquid Crystals

Many kinds of mesophases can be classified by the different ways of the
molecular arrangements. The anisotropic region ends at the clearing temperature
because of the completely disordering of the molecules. There are many different
types of liquid crystals. However, the major liquid crystal mesophase topologies are
shown in Figure 2.6 to Figure 2.9.

2.24.21 Smectic structure

In the smectic structures, long molecules are arranged side by side in layers
much like those in soap films. The term smectic (soap like) derives from the Greek
word for grease or slime. The layers-are not strictly rigid, but they are flexible. Two
dimensional molecular sheets can slide pass each other (Figure 2.6). Molecular
motion is rather slow, so smectic mesophases are quite viscous.

Optically smectic layers behave  like uniaxial, "birefringent crystals. The
intensity of light transmitted parallel to the molecular layer is greater than that
transmitted perpendicularly. The temperature dependence of smectic interval tested by
birefringence has slightly small effect to internal order.
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Figure 2.6 : (a) Smectic structure. (b)liquid crystal chemical structures of Smectic
structure.[Sperling,2001]

2.2.4.2.2 Nematic structure

The molecular organization, classified as a nematic mesophase, involves in the
irregular alignment in one dimension. Molecules remain parallel to each other in the
nematic structure (Figure 2.7), but the position of their gravitational centers are
disorganized. Molecules of nematic liquid crystals can be oriented in one dimension.
Their mobilities can be reduced by the attraction to supporting surfaces. For
examples, nematic molecules tend to lie parallel to the rough surface of a glass slide.
A bright satin-like texture is observed when nematic liquid crystals are viewed
between crossed polaroids. Characteristic dark threads appear at lines of optical
discontinuity. These wavering filaments give the mesophase its name; take from the
Greek word nematos, meaning fiber.
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Figure 2.7 . (a) Nematic structure. (b) liquid crystal chemical structures of Nematic
structure.[Sperling,2001]




2.2.4.2.3 Cholesteric or chiral nematic structure
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The cholesteric structure is the third type of liquid crystal behaviors. It is so
named because many compounds that form this mesophase are the derivatives of
cholesterol. A cholesteric structure (Figure 2.8) is the shape of a nematic phase which
is periodically wrapped around the axis. When chiral groups are present, the basic

structure is helicoidal.
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Figure 2.8 : (a) Cholesteric structure. (b) liquid crystal chemical structures of Cholesteric

structure.[Sperling,2001]

2.2.4.2.4 Discotic structure

The discotic structure is the fourth type of liquid crystal behaviors. The
discotic mesophase resemble stacks of dishes or coins (Figure 2.9)
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2.2.4.3 Mesophasic Transition Temperature

Liquid crystals can undergo various phase transitions as the temperature
increases from the ordered to the least ordered states, can be shown as Figure 2.10.

The temperature, when liquid crystal changes form crystal to the first liquid
crystalline phase, is called “crystalline melting temperature” (T3).

The temperature, when liquid crystal changes form smetic phase to nematic
phase, is called “S_,. N transition temperature”(T4).

The temperature, when the last (or only) liquid crystalline phase gives way
to the isotropic melt or solution, is called “clearing temperature”(T5).
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Figure 2.10 : Phase transition of Liquid Crystal[Demas,et.Al.,1998]



18

2.3 Melting Phenomena

The melting of polymers may be observed by any of several
experiments. For linear or branched polymer , the melting cause the samples to
becomes liquid and flows. First of all , simple liquid behavior may not be
immediately apparent because of the polymer’s high viscosity. If the polymer is cross
— linked , it may not flow at all. It must also be noted that amorphous polymers soften
at their glass transition temperature , Tg , which is emphatically not a melting
temperature. If the sample does not contain colorants , it is usually hazy in the
crystalline state because of the difference in refractive index between the amorphous
and crystalline portions. On melting , the sample becomes clear , or more transparent.

Ideally , the melting temperature, Tm , should give a discontinuity in the
volume , with a concomitant sharp melting point. In fact, because of the very small
size of the crystallites in bulk crystallized polymers , most polymers melt over a range
of several degrees. The melting temperature is usually taken as the temperature at
which the largest and / or most perfect crystals are melting.

2.4 Thermal Properties

The existence of a polymeric system as a rigid glassy liquid, a mobile liquid, a
microcrystalline solid or a liquid crystalline mesophase depends on the temperature
and the chemical structure of the polymer. Changes from a microcrystalline state to a
liquid crystalline or isotropic liquid state takes place at the equilibrium melting
temperature.

Tm and Tg of crystallizable polymers vary widely with a_change in the
chemical structure. The presence of amide and of aromatic groups in the chain raise
Tm and Tg. The morphology of a thermoplastic crystallizable homopolymer at a
particular forces. If the usage temperature depends on Tm, which is in turn dependent
on the intermolecular forces. If the usage temperature is greater than Tm for a
crystallizable polymer, only a rubbery liquid morphology will be realized. At
temperatures below Tm but above Tg such a material will be partially crystalline,
when crystallized quiescently, with rubbery interlayers. Below Tg, the interlayers
between crystallites will be glassy.
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In various kind of the polymers, the melting points refer to the melting of the
crystal form with the highest Tm. Changes from one form to another at easily attained
temperatures and pressures can be reversible or involve melting of one form and
crystallization of the other.

Some polymers with few chain irregularities, although intrinsically
crystallizable, can be easily supercooled, without appreciable crystallizable, into a
glassy amorphous state upon rapid cooling from the melt to a temperature below Tg.
Polymers showing this type of behavior usually contain rings in the main or side
chains. Examples are poly(ethylene terephthalate) and various polymers that form
liquid crystalline mesophases. These supercooled materials can be crystallized by
heating to a temperature where the polymer is below Tm but above Tg. Sufficient
time for the various portions of the chains to adopt the conformation necessary for
crystallization is then supplied.

2.5 Structure of Crystalline Polymers

Very early studies on bulk materials showed that some polymers were partly
crystalline. X — ray line broadening indicated that the crystals were either very
imperfect or very small. Because of the known high molecular weight, the polymer
chain was calculated to be even longer than the crystallites. Hence it was reasoned
that they passed in and out of many crystallites and many unit cells. These findings

led to the fringed micelle model.
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Figure 2.11 : The fringed micelle model. Each chain meanders from crystallite to

crystallite, binding the whole mass together. [Sperling , L.H. 2001]
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According to the fringed micelle model, the crystallites are about 100 °A long.
The disordered regions separating the crystallites are amorphous. The chains wander
from the amorphous region through a crystallites, binding them together.

The fringed micelle model was used with great success to explain a wide
range of behaviour in semi-crystalline plastics and also in fibers. The amorphous
regions, if glassy, yielded a stiff plastic. However, if they were above Tg, then they
were rubbery and were held together by the hard crystallites. This model explains the
leathery behaviour of ordinary polyethylene plastics. The greater tensile strength of
polyethylene over that of low —molecular-weight hydrocarbon waxes was attributed to
amorphous chains wandering from crystallite to crystallite, holding them together by
primary bonds. However, the exact stiffness of the plastic was related to the degree of
crystallinity, or fraction of the polymer that was crystallized.

2.6 Crystal Structure in polymers
2.6.1 Crystallization from dilute solution
2.6.1.1 Polymer Single Crystals

Although the formation of single crystals of polymers was observed during
polymerization many year ago, such crystals could not be produced from polymer
solution because of molecular entanglement. In several laboratories, the phenomenon
of growth has been reported for so many polymers, including polyethylene,
polypropylene and other poly(a-olefins), that it appears to be quite general and
universal.

All the structures described as polymer single crystals have the same general
appearance, ‘being composed of thin, flat platelets (lamellae) about 100 angstroms
thick and often many micrometers in lateral dimensions. They are usually thickened
by the spiral growth of additional lamellae from screw dislocations.

The size, shape , and regularity of the crystals depend on their growth
conditions, such as solvent, temperature, and growth rate being important. The
thickness of the lamellae depends on crystallization temperature and any subsequent
annealing treatment. Electron — diffraction measurements indicated that the polymer
chains are oriented very nearly normal to the plane of the lamellae. Since the



21

molecules in the polymers are at least 1000 angstroms long and the lamellae are only
about 100 angstroms thick, the only reasonable description is that the chains are
folded.

2.6.1.2 The Folded Chain Model

Ideally, the molecules fold back and forth with hairpin turns building a
lamellar structure by regular folding. The chain folding is perpendicular to the plane
of the lamellar. While adjacent reentry has been generally confirmed by small — angle
neutron scattering and infrared studies for single crystals. For many polymers the
single crystals are not simple flat structures. The crystals often occur in the form of
hollow pyramids, which collapse on drying. If the polymer solution is slightly more
concentrated, on if the crystallization rate is increased, the polymers will crystallize in
the form of various twins, spirals, and dendritic structures, which are multilayered.

2.6.1.3 The Switchboard Model

In the switchboard model, the chains do not have a reentry into the
lamellae by regular folding, but rather reentry more or less randomly. Both the
perfectly folded chain and switchboard models represent limiting cases. Real system
may combine elements of both.

2.6.2 Crystallization From the Melt

2.6.2.1 Spherulitic Morphology

When polymer samples are crystallized from the bulk of an unstained melt, the
most obvious of the observed structures are the spherulites are sphere — shaped
crystalline structure that form in bulk. Usually the spherulites are really spherical in
shape only during the initial stages of crystallization. During the latter stages of
crystallization, the spherulites impinge on their neighbours. When the spherulites are
nucleated simultaneously, the boundaries between them are straight. However, when
the spherulites have been nucleated at different times, so that they are different in size
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when impinging on one another, their boundaries form hyperbolas. Finally, the
spherulites form structures that pervade the entire mass of the material.

Electron microscopy examination of the spherulitic structure shows
that the spherulites are composed of individual lamellar crystalline plates. The
lamellar structures sometimes resemble staircases, being composed of nearly parallel
lamellae of equal thickness.

The growth and structure of spherulites may also be studied by small-
angle light scattering. The sample is placed between polarizers, a light beam is passed
through, and the resultant scattered beam is photographed. Two types of scattering
patterns are obtained, depending on polarization condition. When the polarization of
the incident beam and that of the analyser are both vertical, it is called a Vv type of
pattern. When the incident radiation is vertical in polarization but the analyser is
horizontal (polarizers crossed), an Hv pattern is obtained.

These patterns arise from the spherulitic structure of the polymer, which is
optically anisotropic, with the radial and tangential refractive indices being different.
A model of the spherulite structure is illustrated in Figure 2.13
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Figure 2.12 : Model of spherulitic structure. [Sperling, L.H. 2001]

The chain direction in the bulk crystallized lamellae is perpendicular to
the broad plane of the structure, just like the dilute solution crystallized material. The
spherulite lamellae also contain low — angle branch points, where new lamellar
structures are initiated. The new lamellae tend to keep the spacing between the
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crystallites constant. While the lamellar structures in the spherulites are the analogue
of the single crystals. In between the lamellar structures lies amorphous material. This
portion is rich in components such as atactic polymers, low — molecular — weight
material, or impurities of various kinds.

The individual lamellae in the spherulites are bonded together by tie
molecules, which lie partly in one crystallite and partly in another. Sometimes these
lies molecules are actually in the form of what are called intercrystalline links, which
are long, threadlike crystalline structures. These intercrystalline links are thought to
be important in the development of the great toughness characteristic of semi-
crystalline polymers. They serve to tie the entire structure together by crystalline
regions and / or primary chain bonds.

2.6.2.2 Mechanism of Spherulite Formation

On cooling from the melt, the first structure that forms is the single
crystal. These rapidly degenerate into sheaflike structures during the early stages of
the growth of polymer spherulites. These sheaflike structures have been variously
called axialites or hedrites. These transitional, multilayered structures represent an
intermediate stage in the formation of spherulites.

2.6.2.3 Spherulites in Polymer Blends

There are two-cases to be considered. Either the two polymers
composing the blend may be miscible and form one phase in the melt, or they are
immiscible and form two phases. If the glass transition of the noncrystallizing
component is lower than that of the crystallizing -component (i.e., its melt viscosity
will be lower, other things being equal) ,-then the spherulites will actually grow faster,
although the system is diluted. The crystallization behavior is quite different if the two
polymers are immiscible in the melt. On spherulite formation, the droplets, which are
non-crystallizing, become ordered within the growing arms of the crystallizing
component.



24

2.6.2.4 Effect of Crystallinity on Tg

Semi-crystalline polymers such as polyethylene or polypropylene types
also exhibit glass transitions, though only in the amorphous portions of these
polymers. The Tg is often increased in temperature by the molecular — motion
restricting crystallites. Sometimes Tg appears to be masked, especially for high
crystalline polymers.

2.7 Light Scattering Theory

The phenomenon of light scattering is encoutered widely in everyday life. For
example, light scattering by airbone dust particles causes a beam of light coming
through a window to be seen as a shaft of light, the poor visibility in a fog results
from light scattering by airborne water droplets, and laser beams are visible due to
scattering of the radiation by atmospheric particles. Also, light scattering by gas
molecules in the atmosphere gives rise to the blue color of the sky and the spectacular
colors that can sometimes be seen at sunrise and sunset. These are all examples of
static light scattering since the time-averaged intensity of scattered light is observed.

In general, interaction of electromagnetic radiation with a molecule results in
scattering of the radiation. Scattering results from interaction of the molecules with
the oscillating electric field of the radiation, which forces the electrons to move in one
direction and the nuclei to move in the opposite direction. Thus a dipole is induced in
the molecules,which for isotropic scatters is parallel to, and oscillates with, the
electric field. Since an oscillating dipole is a source of electromagnetic radiation, the
molecules emit light, the scattered light, in all directions. Almost all of the scattered
radiation has the same wavelength (and frequency) as the incident radiation and
results from elastic scattering, that is zero energy change. Additionally, a small
amount of the scattered radiation-has a higher, or lower, wavelength than the incident
radiation and arises- from "inelastic scattering, that “is' non-zero energy change.
Inelastically scattered light carries information relating to bond vibrations and is the
basis of Raman spectroscopy, a technique which increasingly is being used in studies
of polymer structure and polymer deformation micromechanics.

The scattering of light from crystalline polymeric films has been studied for a
long time. This scattering arises principally from orientation fluctuations among
aggregates of crystals. The scattering patterns are complex, especially with polarized
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light and oriented samples. This technique described involved photometric
measurement of the scattered intensity as a function of sample and scattering angle.
The photographic technique like the photographic X-ray diffraction except that a laser
IS used as a radiation source as a substitute for an X-ray tube. A typical photographic
light scattering is shown in Figure 2.14.

FHOTOGRAFHIC
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Figure 2.14 : A typical photographic light scattering apparatus. [Stein, R.S. 1964]

The intensity depends upon the scattering angle 6 between the incident and
scattered ray and the azimuthal angle . The range of 0 that may be record in a picture
depends upon the sample to film distance, d since tan 6 = ( x/d ), where X is the
distance from the center of the photographic film to the point where the intensity is
recorded.

Polypropylene crystallites are known to be arranged in spherical aggregates
called spherulites with- differing radial and tangential refractive indexes. This optical
anisotropy is a consequence of the arrangement of the anisotropic crystallites within
the spherulites.

It is also apparent that in isotropic spherulites, the induced dipole will be
oriented in the direction of polarization of the incident light, and no scattered light
will be transmitted through an analyzer perpendicular to polarizer. Consequently, the
Hv component of scattering for isotropic spherulites will be zero.
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2.8 Polymer Blends

Polymer blends are the mixtures of at least two or more polymers. The mixing of
two or more existing polymers may obtain the new properties of the blend. By using
these techniques the designed properties can be explored without synthesizing the
new polymer which have the designed properties. The results of blending polymers
have many advantages, for example, lower cost than synthesizing the desired
properties of new polymer. The new properties can also be under controlled.

2.8.1The Blends Preparations

There are many methods to mix each polymer together, such as by
using heat (melt mixing), by using solvent (solution casting, freeze drying) or by in
situ reaction, etc.

2.8.1.1 Melt Mixing

Melt mixing of thermoplastics polymer is performed by mixing the
polymers in the molten state under shear in various mixing equipments. The method
is popular in the preparation of polymer blends on the large commercial scale because
of its simplicity, speed of mixing and the advantage of being free from foreign
components (e.g. solvents) in the resulted blends. A number of are available for
laboratory — scale mixing such as internal mixer, electrically - heated two — roll mill,
extruder, rotational rheometer.

The advantages of this method are the most similar to the industrial
practice. The commercial compounding or adding additives into base polymers are
applied by melt ‘mixing. So the investigations of polymer blends by melt mixing
method are the most practical methods in industrial applications.

2.8.1.2 Solvent Casting

This method group is performed by dissolving polymers in the some
solvent. The solution is then cast on a glass plate into thin films and the removal of
solvent from the films is performed by evaporating the solvents from the casing
polymer films, the condition of high temperature is invariably needed, and protection
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of the polymer in case of degradation is essential. The inert gas or lower down the
pressure (vacuums) is typically used. In the vacuum conditions, the vapor pressure
can be reduced and thus allows the solvents to evaporate more easily. However, too
fast evaporation rate of solvent will result in the bubble in the final films produced.

Solvents casting is the simplest mixing method available and is widely
practiced in academic studies, usually when the experiments need a very small
quantities of polymers.

2.8.1.3 Freeze Drying

In the freeze drying processes, the solution of the two polymers is
quenched down immediately to a very low temperature and the solution is frozen.
Solvent is then removed from the frozen solution by sublimation at a very low
temperature. Dilute solutions must be used and the solution volume must have as
large surface area as possible for good heat transfer.

An advantage of this method is that the resulted blend will be
independent of the solvent, if the single phase solution is freezed rapidly enough.
However, there are many limitations of this method. Freeze drying method seems to
work best with solvents having high symmetry, i.e. benzene, naphthalene, etc. The
powdery form of the blend after solvent removal is usually not very useful and further
shaping must be performed. While not complex, freeze drying does require a good
vacuum system for low - boiling solvents and it is not a fast blending method. After
solvent removal, the blend is in the powdery form, which usually needs further
shaping. The advantage of this method is the simplicity. However, this method needs
a good fume trap, vacuum line for the sublimation solvent and it takes to complete the
sublimation process.

2.8.1.4 Emulsions

The advantages of the emulsion polymer mixing are the easy handling
and all the other advantages as the solvent casting. The mixing or casting of the film
requires neither expensive equipment nor high temperature. However, emulsions of
polymers are an advantage technique and not always applicable to all monomers.
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2.8.1.5 Reactive Blend

Co - crosslinking and interpenetrating polymer networks (IPN) formations
are the special methods for forming blends. The ideas of these methods is to enforce
degree of miscibility by reactions between the polymer chains. Other methods involve
the polymerization of a monomer in the presence of polymer and the introduction of
interface graft co — polymer onto the polymer chains.

2.9 Permanganic etching

The macroscopic properties of crystalline polymers are controlled in large
measure by their physical microstructure. Since there is substantial texture in
crystalline polymers below the resolution of the optical microscope and for nearly
thirty years attempts have been made by using a wide variety of techniques to relate
this texture to presumed lamellar structures whose precise arrangment must strongly
affect mechanical and other properties. It is only recently, however, that it has become
possible to use transmission electron microscopy and scanning electron microscopy to
study actual lamellar organization representative of the interior morphology of melt —
crystallized polymers. Permanganic etching of various polyolefins and other polymers
offer alternative and complementary means of studying polymer lamellae and their
organization within spherulites and other textural entities. This technique confirms not
only that crystalline polymer, even when of only moderate crystallinity, are profusely
lamellar, but also show that there is a hierarchy of lamellae with a systematic spatial
distribution through a sample. Permanganic etching-offers additional information on
differences between different components of the morphology through differential
etching. It has been appreciated from the introduction of this technique that etching
could be differential between many regions, revealing various differences, including
those of polymeric components in blends, lamellar thickness and related segregation,
as well as deformed regions representing differences underlying such differential
etching.



CHAPTER Il

Literature Reviews

Synthesis of polypropylene by using metallocene and crystallization of
polypropylene have been studied in many researches. The reviews cover light
scattering and X-ray diffraction behavior of polypropylene and its blends.

N. Kawahara el al. [2004]. carried out studies on propylene
homopolymerizations by using three kinds of metallocenes: Cp,ZrCl,, En(Ind),ZrCl,
and i Pr(Cp)(Flu)ZrCl,, all of which were activated with methylaluminoxane. It is
found that En(Ind),ZrCl, has the highest activity. The results described characteristic
of each metallocene for the mechanism of polymerization.

G.Farrow [1961] investigated method for the measurement of crystallinity in
oriented polypropylene fibers by an X-ray technique. The general level of
crystallinity is higher than in similar oriented poly(ethylene terephthalate) fibers.
The results also show that the crystallinity so measured is lower than values
inferred from density measurement and that no correlation exists between the two
methods. A possible method is suggested for the determination of the atactic
content of polypropylene polymer by X-ray diffraction.

A.E.M. Keijzers, J.J. van Aartsen, and W. Prins [1967] investigated light
scattering by crystalline polystyrene and polypropylene , which can yield valuable
information regarding the crystallization behavior and the resulting crystalline
morphology if (i) quantitative measurements are carried through and (ii) these are
analyzed by using a physically realistic model. It is found. that isotactic polystyrene
and polypropylene samples can be adequately described as containing imperfect
spherulites in which a number of perfectly spherulitic and a number of “random
orientation” crystallites “are present. Growth rates , sizes , and the number of
spherulites: follow easily from the scattering data. The internal structure of the
imperfect spherulites can be characterized by the birefringence of the perfectly
spherulitic crystallites plus a density correlation distance , two orientation
correlation distances , and the mean polarizability and isotropy fluctuations of the
“random orientation” crystallites. It is found that in isotactic polystyrene the
crystallinity of the spherulites is a decreasing function of the radius. In the case
of isotactic polypropylene it could be shown that the secondary crystallization is
not spherulitical , in contradistinction to the primary crytallization.
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D.Hlavata” and Z.Hora’k [1993] investigated the character of the
polypropylene crystalline phase and polypropylene- high impact polystyrene blends
by using combination of wide angle and small angle X-ray scattering. It was found
that addition of a copolymers slightly reduces the crystallinity of polypropylene
but the degree of crystallinity of polypropylene in blend with HIPS does not
change with the HIPS content. In the absence of the compatibilizer no
miscibility of the components was observed. In all samples polypropylene
maintains its a- crystalline phase.

S.Vleeshouwers [1995] studied the recrystallization and melting behaviour
of the o and 3 form of IPP by simultaneous in-situ WAXS/SAXS and DSC. It was
found that melting behaviour depended on the formation history. In samples
formed at high cooling rates , best comparable to processing conditions, the
melting of B crystals is followed by an absolute increase in o crystallinity. In
the slowly cooled samples ; o and [ crystal lamellae melt independently on
heating.

Stein, R.S., Cronauer, J., and Zachmann, H.G. [1996] studied the
crystallization of a single polymer component and polymer blends by using the
small angle light scattering technique. They found that this technique can be a
convenient method for quantitatively following spherulitic  crystallization.
Moreover , it provides information about the number and size of spherulites as
well as their internal crystallinity. From this technique , they observed that most
polymers crystallize by a nucleation — and — growth mechanism in which
spherulites develop as a consequence of the radial-growth of branching crystalline
lamellae from heterogeneous nuclei. The amorphous component is included
within the spherulites. These grow until they impling and become filling.The
primary crystallization occurs: at- the expanding interface of the spherulite with the
amorphous polymer. Sometime the secondary crystallization ‘may occur within the
spherulite.

Stein, R.S. , Jacob, K. .et al.[2001] studied light scattering of the
crystallization of polymers. They explained that the realtime light scattering
measurements during polymer crystallization can be interpreted in terms of the
number, size and anisotropy of crystallizing species. Such observations have been
used to show the lack of ordered regions in amorphous polymers. It is very
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sensitive for detecting the early stages of crystallization. While the crystals are too
small at early stages to affect the angular dependence of scattering, they can
appreciably contribute to its intensity, which depends upon their number and
size. The subsequent changes in intensity and polarization can be fitted to
parameters for a nucleation and growth model. Ultimately, when the dimensions
of the growing species become sufficiently large, angularly dependent scattering
results, which may be interpreted in terms of their size and state of aggregation.
The technique of light scattering may be extended to study of crystallization of
oriented polymers. It is rapid and may be used to follow the crystallization of
films during their processing.

Zhi-Gang Wang , Benjamin S. Hsiao , el al. [2001] investigated the
transformation of mesomorphic phase to o- monoclinic crystal phase in quenched
isotactic polypropylene by using TEM , DSC and time-resolved SAXS and WAXD
methods. It is found that even though the initial appearance of the cluster
structure in  mesomorphic i-PP seems to support the model of a multi-step
process for polymer crystallization , results indicate that the transformation is not
spontaneous. In the cluster domains, a significant fraction of chain segments
must undergo a reorganization process In order to establish the correct
registration of helical hands for crystallization. In addition , a fraction of the
ordered chains with correct registration of helical hands should also serve as
primary nuclei to initiate crystallization. However , the entire cluster domains
should not be considered as ‘precursors’. The growth process via secondary
nucleation eventually transforms the cluster structure to the lamellar structure.

Jerome Maugey , Patrick Navard [2002] studied the curing of a
homogeneous mixture of a nematic liquid crystal. and an acrylate UV curable
prepolymer by small angle light scattering , varying temperature and UV intensity.
For all the conditions except at elevated temperature , the phase separation occurs
with a - spinodal . decompaosition ~which phases can‘be ‘more or less easily
recognised. Whatever the temperature ‘below ' the clearing point -of the liquid
crystal and the UV intensity , the isotropic-to-nematic transition that occurs in
the liquid crystal rich region is easily seen as a strong decrease of the light
scattering intensity. For all the conditions tested , the final morphology is in the
form of droplet morphology. At high UV intensity , there are two scattering
peaks that are appearing in the scattering pattern which was tentatively
interpreted as a double spinodal decomposition.
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Sayant Saengsuwan el al. [2002] investigated in situ composite films were
prepared by a two-step method. First, polypropylene and thermotropic liquid
crystalline polymer (TLCP), Rodrun LC5000 (80 mol% p-hydroxy benzoic acid
(HBA)/20 mol% polyethylene terephthalate (PET)), were melt blended in a twin-
screw extruder and then fabricated by extrusion through a mini-extruder as cast film.
Rheological behavior of the blends, morphology of the extruded strands and films,
and tensile properties of the in situ composite films were investigated. Rheological
behavior of the blends at 295 °C studied using a plate-and-plate rheometer revealed a
substantial reduction of the complex viscosity with increasing TLCP content, and all
specimens exhibited shear thinning behavior. Over the angular frequency range of
0.6—200 rad/s, the viscosity ratio (dispersed phase to matrix phase) was found to be
very low, in the range of 0.03-0.07. Morphologies of the fracture surfaces of the
blend extrudates and the film surfaces etched in permanganic solution were
investigated by scanning electron microscope (SEM). The TLCP droplets in the
extruded strands were seen with a progressive deformation into fibrillar structure
when TLCP content was increased up to 30 wt%. In the extruded films, TLCP fibrils
with increasing aspect ratio (length to width) were observed with increasing TLCP
concentration. Orientation functions of each component were determined by X-ray
diffraction using a novel separation technique. It was observed that the Young’s
modulus in machine direction of the extruded film was greatly improved with
increasing TLCP loading, due to the increase in fiber aspect ratio and also molecular
orientation.

Kilwon Cho el al. [2002] investigated structural changes in p-isotactic
polypropylene (B-iPP) during the heating were studied by means of differential
scanning calorimetry and real-time in situ X-ray diffraction using a synchrotron
source. Crystalline phase transformation and the memory effect caused by residual
nuclei of a-iPP were observed during the heating of B-iPP. The memory effect
observed in B-iPP during heating and crystallization is believed to be due to the
existence of locally ordered a-from.in the melt. The effect of local o.-form order was
probed by studying the behavior-under-heating of samples with a range of thermal
histories. Samples were heated above the equilibrium melting temperature of iPP to
remove all residual local order and the memory effect associated with this local order.
The samples crystallized isothermally at different temperatures exhibited a
significantly different melting and phase transformation behavior during heating. -
IPP is found to be an excellent material for the study of polymorphism, phase
transformations, and characteristic memory effects in semicrystalline polymers.
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Shaofeng Ran el al. [2002] investigated the structure and morphology
development during the deformation of metallocene based ethylene—propylene
copolymers with dominant propylene moiety (C3 M-EP) and its isotactic
polypropylene (M-iPP) blends were investigated by simultaneous small-angle X-ray
scattering (SAXS) and wide-angle X-ray diffraction (WAXD) using synchrotron
radiation, high temperature tensile testing and differential scanning calorimetry
(DSC). X-ray results showed that the structure and morphology in the blends of M-
IPP/C3 M-EP are dictated by the M-iPP component. During stretching at room
temperatures, both pure M-iPP and polymer blends exhibited the same transition from
the a-form crystal to the mesophase. However, the a-form was found to be unchanged
during the deformation of C3 M-EP copolymer, which indicated that the effect of
local stress on the crystal domain in pure copolymer was too small to induce the phase
transition. Although the DSC results showed that the blends in their isotropic state
were immiscible with each other, the mechanical properties of the blends at high
temperature (70 °C) indicated that they follow the conventional rule of mixing.

F. Javier Torre el al. [2003] investigated the isothermal
crystallization behavior and morphology of blends of isotactic polypropylene, iPP,
and a liquid crystal polymer, Vectra A950, by using differential scanning calorimetry,
optical microscopy and simultaneous WAXS and SAXS in real-time measurements
using synchrotron radiation. It has been observed that Vectra domains act as sites for
the nucleation of iPP, and the rate of crystallisation is enhanced with increasing
Vectra content in the blend. The presence of the a crystalline form in pure iPP, and
both a and b forms for iPP in iPP/Vectra blends has been found. The SAXS patterns
for iPP/Vectra blends containing b iPP are characterized by two different long period
values that were related to the a and b lamellae. The secondary crystallisation
mechanism has been investigated by SAXS/WAXS experiments. It is shown that, in
contrast to primary crystallisation, secondary crystallisation of iPP is not affected by
the presence of the thermotropic liquid crystalline polymer. As already known from
pure iPP, the main process of secondary crystallisation is the growth of new lamellar
stacks within remaining amorphous regions in the iPP spherulites.

Sayant Saengsuwan el al. [2003] investigated the effects of
composition and compatibilizers on the molecular orientation in thermotropic liquid
crystalline polymer (TLCP)/PP in situ composite films by using wide angle X-ray
scattering (WAXS) techniques. The degree of preferred orientation for each
component was evaluated using a novel separation technique based on a description
of the scattering through spherical harmonic functions. The evaluated orientation
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parameters kP2l and kP4l of TLCP phase were found to increase up to 0.76 and 0.53,
respectively, with increasing TLCP content and film draw ratio. In contrast, the PP
component in all films exhibits a very low orientation (kP2l ,0.01) i.e. essentially
isotropic. The PP component exhibits the so-called smectic phase which can be
transformed to the more stable crystalline phase (a-form) by annealing at 110 °C for 2
h, with a small increase in the level of preferred orientation. The inclusion of
particular polystyrene-based compatibilizers was observed to have a substantial effect
on the modulus of the composite and in some cases this is reflected in the level of
preferred orientation in the TLCP. We deduce that the orientation parameters are
largely insensitive to the fibril morphology once a certain aspect ratio has been
exceeded.

T. Xu el al. [2003] investigated the effect of nucleating agent on the
crystalline morphology under different structure levels of polypropylene (PP)
materials . From the analysis, increasing nucleating agent has an effect on both high
and low levels of the crystalline structure. Nucleating agent showed a heterogeneous
nucleation effect. The results showed that at the level of the aggregation structure,
crystallinity increases and spherulite size tends to decline with increasing nucleating
agent. At the same time, the nucleating agent also has an effect on both the crystal
grain structure and the unit cell structure.



CHAPTER IV
Experiments

In this chapter , the materials and chemicals , equipments , polymerization
procedure , characterization instruments and sample preparations will be explained.

4.1 Materials and Chemicals
4.1.1 Synthesis Part

4.1.1.1 Propylene gas (99.96%) was donated from National
Petrochemical Co.,Ltd. Thailand (NPC) .

4.1.1.2 Hydrochloric acid (Fuming 37 %) was purchased from
Merck.

4.1.1.3 Methanol (Commercial grade) was purchased from SR
Lab

4.1.1.4 Argon gas (Ultra high purity grade , 99.999 %) was
purchased from Thai Industrial Gas Co.,Ltd. (TIG) and further purified
by passing through columns packed with copper catalyst , NaOH , P,Os
and molecular sieve 4A to remove traces of oxygen and moisture.

4.1.1.5 Methylaluminoxane (MAO) 2.857 M in toluene was
donated from Tosoh Akzo , Japan. Dried MAO was prepared by drying
MAO in vacuum at room temperature.

4116 Ethylene - bis-indinyl~ zirconium " dichloride
(Et[Ind],ZrCl,) was purchased from Aldrich

4.1.1.7 Toluene Commercial grade was donated from Exxon
Chemical Ltd.,Thailand. This solvent was dried over dehydrated CaCl,
and distilled over sodium/benzophenone under argon atmosphere before
use.



36

4.1.2 Polymer Blend Part

Polypropylene (PP) is the one of the polyolefins. The basic structure of
polypropylene is the chain, __( CH,C;H,) , which has no substitutent groups.
Moreover PP is a crystalline solid, somewhat flexible , whose properties are
strongly influenced by the relative amounts of crystalline and amorphous
phases.

This research  studied about light scattering behavior , morphology ,
melting temperature , % crystallinity , molecular weight and molecular weight
distribution of polymer blend between polypropylene and low molar mass liquid
crystal and GMS .

4.1.2.1 Isotactic Polypropylene (iPP)

1100RC , 1100NK and 1102H Polypropylene that synthesized by
Ziegler-Natta catalyst was purchased from Thai Petrochemical Industry Public
Co.,Ltd. .Their melt flow index are 20,11 and 2 , respectively.

4.1.2.2 Cyclohexylbiphenylcyclohexane (CBC-33)

Cyclohexylbiphenylcyclohexane (CBC-33) is the low molar mass
thermotropic liquid crystal that was used in this study and manufactured by
Merck Co.,Ltd. Germany. The molecular weight of CBC-33 is. 402.67 . The
melting -temperature (Tm), is~158 °C.. Smectic ‘to-Nematic temperature is 223 °C
and the clearing temperature is 327 °C.

4.1.2.3 Glycerol monostearate (GMYS)

Glycerol monostearate (GMS) is in the form of ivory white beads
as received. It was manufactured by RIKEVITA (Malaysia) SDN.BHD. It can be
used as an additive for internal lubricant and as an anti-static agent in various
polymers. The molecular weight of GMS is 361 . The melting temperature (Tm)
is 65°C.



37

4.2 Equipments
4.2.1 Synthesis Part

All equipments, used in the catalyst preparation and polymerization , were
listed as follows :

4.2.1.1 Schlenk line

Schlenk line consists of vacuum and argon lines. The
vacuum line was equipped with the solvent trap and pump , respectively. The
argon line was connected to the mercury bubbler that was a manometer tube and
contain enough mercury to provide aseal from the atmosphere when argon line
was evacuated. The Schlenk line was Show in Figure 4.1.

4.2.1.2 Schlenk tube

A tube with a ground glass joint and a side arm which was
three way glass valve as shown in figure 4.2. Size of the Schlenk tubes were 50
,100 and 200 ml used to prepare catalyst and collect materials which were
sensitive to oxygen and moiture.

4.2.1.3 Glove box

Glove Box System 30905C  manufactured by Vacuum
Atmospheres Company , USAas shown in figure 4.3.

4214 Reactor

A 100 ml Stainless steel autoclave ~was used- as the
polymerization reactor.

4.2.1.5 Magnetic stirrer and Hot plate

The magnetic stirrer and hot plate Model RCT Basic from
IKA Labortechnik were used.
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4.2.1.6 Vacuum pump

The Vacuum pump model 195 from Labconco Coporation was
used. A pressure of 10" —10° mmHg was adequate for the vacuum supply to
the vacuum line in the Schlenk line.

4.2.1.7 Inertgas supply

The inert gas (argon) was passed through columns of
supported copper metal catalyst as oxygen scavenger , NaOH , P,Os and molecular
sieve 4A to remove moisture. The oxygen scavenger was regenerated by
treatment with hydrogen at 300 °C for 2 hours before flowing the argon gas
through all of the above columns.

Figure 4.1 : Schlenk line



Figure 4.3 : Glove box
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4.2.2 Polymer Blend Part
4.2.2.1 Digital hot plate stirrer

A Cole-Parmer digital hot plate stirrer was used for mixing the
polymers with additives. This hot plate stirrer is programmable. All functions can
be set from digital panel and display their status on LCD. The plate
temperature , stirrer speed and time are controllable.

4.2.2.2 Hydraulic hot press

A local made hydraulic hot plate was used in these experiments.
The maximum working temperature of this machine is 600 °C and the
maximum pressure is 5,000 psi . This equipment was used for prepare the sample
for rheology test.

4.3 Polymerization Procedure

The propylene polymerization reactions were carried out in a 100 ml
stainless steel autoclave equipped with a magnetic stirrer. The autoclave and
magnetic bar were dried in oven at 110 °C for 30 minutes and purged with
argon 5 times by Schlenk line before used in the polymerization of propylene.
Toluene and mixture of a prescribed amount of Et[Iind],ZrCl, and MAQO stirred
for 5 minutes at room temperature were introduced into the autoclave ,
respectively under argon atmosphere. The total volume of mixture solution was 30
ml . The whole mixture was allowed to aging for 10 minutes at room
temperature. The reactor was frozen in liquid nitrogen to stop reaction, and then
autoclave was degassed. The polymerization was-started by feeding propylene gas
at 40 °C. The reaction of polymerization was terminated by additionof acidic
methanol. The precipitated polymer was washed with methanol and dried in the
oven at 110 °C for 6 hours. Each polymerization was repeated to ensure
reproducibility.
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4.4 Sample Preparations

4.4.1 Sample preparation for light scattering

In this study we wuse melt mixing method to blend isotactic
polypropylene and low molar mass liquid crystal chemical (LCC) or glycerol
monostearate (GMS) because this method is most similar to the industrial
practice. The blends of isotactic polypropylene and low molar mass liquid crystal
chemical (LCC) or glycerol monostearate (GMS) were prepared at the composition
of 1% by weight of isotactic polypropylene. Isotactic polypropylene and low molar
mass liquid crystal chemical or glycerol monostearate were mixed on a digital
hotplate that was covered by Teflon sheet , which was operated at temperature
between 180-200 °C and mixed together for 15 minutes in order to have a
uniform mixture. After that , the mixed blends were cut into small pellets and then
pressed at 180 °C and 5000 psi for 5 minutes to form a thin with
approximated thickness of 0.08 — 0.10 mm on a glass cover-slip by using a
hydraulic hot press machine .And then , the samples were annealed and quenched
at the temperatures of 200 °C and 100 °C , respectively and the range of time of
each step is 10 minutes.

4.4.2 Sample preparation for scanning electron
microscope (SEM)

The pellets of each blend were placed into a perforated plate stainless
mould with the diameter of 20 mm. and 1 mm. thickness. The mould was
placed between two releasing plates and heated for about 3 minutes until the
polymer-was ‘almost all ‘melted, then compressed: at 200°C and 5000 psi. for 10
minutes by ‘a hydraulic hot press machine at polymer ‘engineering laboratory ,
the Department of Chemical Engineering , Chulalongkorn University. After that
,the samples were quenched at the temperatures of 100 °C for 10 minutes . And
then , the pieces of sample were removed from the mould and then etched
surfaces by permanganic etching which is a technique of removing material
selectively to reveal lamellae in crystalline polymers. In this work , we use 3.5
% weight by volume solution of potassium permanganate in a concentrated
sulfuric acid as the etchant [Marsha, S. 1998]. The samples were immersed and
stirred in the etchant at 60 °C for 10 minutes in first etching. After that,
samples were washed by water for 5 minutes and then washed by acetone for
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5 minutes. Second etching , samples were stirred in the new prepared etchant at
60 °C for 10 minutes . Then the samples were washed by water for 10 minutes
and washed by acetone for 10 minutes. Finally , samples were dried at room
temperature and taken to investigate morphologies by scanning electron
microscope.

4.4.3 Sample preparation for X-ray Diffraction (XRD)

Similar to sample preparation for small angle light scattering.

4.4.4 Sample preparation for Differential Scanning
Calorimetry (DSC)

Similar to sample preparation for small angle light scattering.
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4.5 Characterization Instruments
4.5.1 Small Angle Light Scattering (SALS)
This experiment was performed using the static light scattering

apparatus at the polymer laboratory , the Department of Chemical Engineering ,
Chulalongkorn University. The equipment is schematically shown in Figure 3.

Laser Light Source

l

Polarizer

l

Sample Holder

l

Polarizer

l

Screne

l

CCD Camera

l

Computer

l

Data

Figure 4.4 : A schematic diagram of static light scattering equipment
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A He/Ne laser (A =632.8 nm) is used as an incident light source. Samples
were placed inside a holder, which was mounted between two polarizers where
the polarization direction of the polarizer near the incident light was vertical
and the other was horizontal. Light scattering photographs were detected by
CCD Camera with exposure times 2 minutes , and the illumination of laser
light source was set at no.6 (gain 6) and no.10 (gainl0) by using the computer
program which was connected to the apparatus. Then these photographs were
transferred to analyze using the computer.

4.5.2 Scanning Electron Microscopy (SEM)

In scanning electron microscope , a fine beam of electron is first scanned
across the surface of an opaque specimen. Once such as electron beam touches
the surface , a difference of electron density in the specimen results a variety
of scattering electron and photon emission. Those electrons are detected ,
modified and used to modulate the brightness of second beam scanned
synchronously in cathode ray tube (CRT). A big collected signal produces a
bright spot on the CRT while a small signal produces a dimmer spot. Details
of this technique can be found elsewhere.

Crystalline morphologies of the etched surfaces of crystalline polymers in
this research were observed by using a scanning electron microscope JSM —
5410 at the Scientific and Technological Research Equipment Center ,
Chulalongkorn University.

Since this technique requires the sample to be good at electron
conducting , it - isnecessary toprovide  conduction to  specimens by coating a
thin metal layer. Thin film ‘of ‘gold was coated on specimens and then they
were kept in a dry place before experiment. SEM was operated at 1.5 kV.
This is considered to be suitable condition since too high energy can cause
burning to sample.
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4.5.3 Differential Scanning Calorimetry (DSC)

A Perkin-Elmer DSC-7 equipped with a robot at Central Instrument
Facility (CIF) , Mahidol University was used for the DSC measurements. The
temperature calibration of the DSC was performed using the melting peak of
indium , at 10 °C/min. The DSC was used for preparation of samples for the
XRD experiments and , besides , for (convensional) DSC experiments. Samples
were prepared by melting discs cut out of the extrudate in the DSC at 200°C
during 15 min , followed by controlled cooling at 10 °C/min and recovering the
polymer discs from the pans. Part of the samples were analysed by DSC
About 5mg was measured at a heating rate of 10 °C/min. Nitrogen was used
as a flow gas.

45.4 X-Ray Diffraction (XRD)

Philips Expert PW 3710 Based HT 10 X-ray Diffractometer (XRD)
at the Metallurgy and Materials Science Research Institute , Chulalongkorn
University was utilized for phase analysis and estimating the crystallinity of the
polymers and chemicals. At first the sample was operated and the crystalline
reflections being measured over the range 20 = 5 © to 260 = 30 © at room
temperature in order to obtained crystalline background. And then the sample was
heated from room temperature to the temperature -above the melting point at a
heating rate of 20 °C/min and intensities were recorded in order to obtained non-
crystalline background.

X-ray photographs- of “polypropylene samples -at high temperatures
in the melt were obtained and used for determined crystallinity. The samples were
held in the inner chamber of the X-ray furnace (in vacuum) in a small cylindrical
container made of aluminium foil with a thermocouple placed in contact with
one end of the sample.

The crystallinity is determined by measuring the integrated area of
the crystalline reflections and the integrated of the non-crystalline background and
comparing the two [G. Farrow , 1961].



CHAPTER V

5.1 Polymerization of Propylene

Results and Discussion

5.1.1 The Effect of Polymerization Time on
Catalytic Activity

The effects of different polymerization times on propylene polymerization
using Et[Ind],ZrCl, as catalyst and methylaluminoxane (MAO) as cocatalyst , were
investigated. Polymerization was operated in three different polymerization times
viz., 1.0, 1.5 and 2.0 hour(s). The experimental results indicated the relationship of
polymerization time , yield and catalytic activity of polypropylene produced are

shown in Table 5.1, Figure 5.1 and Figure 5.2 , respectively.

Table 5.1 : Yields and catalytic activities of polypropylene produced at different

polymerization time ?

Sample Polymerization Time Yield Catalytic activity
(hour) (9) (g PP / mmol Zr-hr)
PP1 1.0 0.7331 488.7333
PP2 15 2.2314 991.7333
PP3 2.0 3.0921 1,030.700

polymerization conditions : [Et[Ind],ZrCl,] = 5x10”° mol/L , [MAO] = 2.598 mol/L ,
pressure of propylene gas = 100psi , Al/Zr = 2,000 , polymerization temperature = 40 °C

Yield (g)

05

Polymerization Time (hr)

Figure 5.1 : Yield of polypropylene produced at different polymerization times




47

Catalytic Activity (g PP/ mmol Zr-hr)

0 05 1 15 2 25

Polymerization Time (hr)

Figure 5.2 : Catalytic activity of polypropylene produced at different
polymerization times

As shown in Figure 5.1 , yield of polypropylene rapidly increases at the
polymerization time between 1.0 and 1.5 hours and it begins to slightly increase
between 1.5 and 2.0 hours of polymerization time. According to a slight increased
of yield of polypropylene after polymerization time of 1.5 hours , it was indicated
that the yield increases in reducing rate.

Similar to the result of yield , from Figure 5.2 , the catalytic activity
considerably increases with increasing polymerization time. Reaching the
polymerization time of 1.5 hours, activity slightly increases. It probably concerns
with steric effect of the production of polymer for the propene polymerization,
that is to say the active species formed by reaction of Et[Ind].ZrCl, and MAO
were shielded with the produced polypropylene .
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5.2 Light Scattering Measurement

There are two parts of results from light scattering experiment , scattered
light photographs and digital intensity data.

5.2.1 Scattered light photographs

Light scattering behaviors of the systems of polymer blends between
polypropylene and low molar mass liquid crystal chemical (LCC) and polymer
blends between polypropylene and glycerol monostearate (GMS) were investigated
by using the modified light scattering apparatus with the illumination of light
at gain 6 and gain 10. This apparatus will show the scattered light photographs
which are both the single image and successive images. Furthermore it can
provide digital intensity data at every angle of scattering. This modification are
different from the original apparatus which use only the photographic light
scattering technique and cannot save the light scattering photograph into the
computer. Unlike the modified apparatus, the original apparatus can measure
intensity at some angle of scattering. Therefore there are many information
from the modified apparatus. Figure 5.3 shows scattered light photographs of
pure component and the blends at 1% of low molar mass liquid crystal
chemical and glycerol monostearate compositions from gain 6 and gain 10 .

The property of each polypropylene are shown in Table 5.2 ,s0 that use
to compare light scattering behavior.

Sample Catalyst Polymerization time (min) Melt flow index
PP1 Metallocene 60 n.d.
PP2 Metallocene 90 n.d.
PP3 Metallocene 120 n.d.
PP4 Ziegler-Natta n.d. 20
PP5 Ziegler-Natta n.d. 11
PP6 Ziegler-Natta n.d. 2

Table 5.2 : Properties of polypropylene that synthesized by metallocene
catalyst and Ziegler-Natta catalyst.



Pure Polypropylene 1
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Figure 5.3 : Scattering light photographs of pure polypropylene 1 and their blends
of LCC and GMS.
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Pure Polypropylene 2

Gain 6 Gain 10
(@

Polypropylene 2 /1% LCC

Gain 6 Gain 10
(b)

Polypropylene 2 / 1% GMS
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Figure 5.4 : Scattering light photographs of pure polypropylene 2 and their blends
of LCC and GMS.

50



Pure Polypropylene 3
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Gain 6 Gain 10
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Figure 5.5 : Scattering light photographs of pure polypropylene 3 and their blends
of LCC and GMS.
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Pure Polypropylene 4

Gain 6 Gain 10
(a)

Polypropylene 4 / 1% LCC

Gain 6 Gain 10
(b)

Polypropylene 4 / 1% GMS

Gain 6 Gain 10
()

Figure 5.6 : Scattering light photographs of pure polypropylene 4 and their blends
of LCC and GMS.
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Pure Polypropylene 5

Gain 6 Gain 10

Polypropylene 5 /1% LCC

Gain 6 Gain 10
(b)

Polypropylene 5/ 1% GMS

Gain 6 Gain 10
(c)

Figure 5.7 : Scattering light photographs of pure polypropylene 5 and their blends
of LCC and GMS.
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Pure Polypropylene 6

Gain 6 Gain 10
(a)

Polypropylene 6 / 1% LCC

Gain 6 Gain 10
(b)

Polypropylene 6 / 1% GMS

Gain 6 Gain 10
(c)

Figure 5.8 : Scattering light photographs of pure polypropylene 6 and their blends
of LCC and GMS.
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From these scattered light photographs , the best gain is gain 10 because the
intensity data are bright enough and suit to transfer into digital intensity data.

5.2.2 Digital Intensity data

The static light scattering apparatus can provide digital intensity data
for every pixels. For one light scattering photograph , it contains 48,400 data
points of digital intensity and it can be plot as show in Figure 5.9.

Pure Polypropylene 1

Y Data

. & \532 .,
- Y 1500052 -

T — T t
20 40 60 80 100 120 140 160 180 200 220
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Polypropylene 1 /1% GMS

Y Data

Figure 5.9 : Scattered light contour graphs of (a) Pure Polypropylene 1,
(b) Polypropylene 1/ 1% LCC and (c) Polypropylene 1 /1% GMS

From Figure 5.9 , the data points are processed as shown in the schematic
diagram (Figure 5.10) in order to obtain smooth contour lines.

Digital Intensity from Experiment

h 4

Smoothed by Scale up

y

Removed the beam stop

A 4

The Best light scattering contour graph

Figure 5.10 : Schematic diagram of smoothing procedure
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This procedure is auto - running by using sub - programming which can
be run within 3 minutes.

5.2.2.1 Smoothing Digital Intensity Data

Digital intensity data are smoothed by using the average of intensity
data to get better contour graphs that are clear and the characteristics of their
curvatures are the same.

In searching the standard procedure , many trials and errors were done
by varying the number of intensity data, which are averaged, and collected in

details.

The detail of that trial can be concluded as follow

Trial and error
(the number of averaged intensity : a mean value)

(d) 625:1 (c) 256:1 (b) 811 (@)-16:1

(25%25) (16x16) (9x9) (4x4)




Result from trial and error are shown as contour graphs.
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Figure 5.11 : Contour graphs of trial and error in smoothing intensity data

From these results, the best result is 81 :1 because the graph fit with

the scale and it is not too small to collect the important detail as well as its
contour line can be distinguishable.
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Figure 5.12 : Smoothed contour graphs of (a) pure polypropylene 1,
(b) polypropylenel /1% LCC and (c) polypropylene 1/ 1% GMS blends
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Figure 5.13 : Smoothed contour graphs of (a) pure polypropylene 2, (b) polypropylene
2 /1% LCC and (c) polypropylene 2 / 1% GMS blends
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Figure 5.14 : Smoothed contour graphs of (a) pure polypropylene 3, (b) polypropylene
3 /1% LCC and (c) polypropylene 3 /1% GMS blends
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Figure 5.15 : Smoothed contour graphs of (a) pure polypropylene 4, (b) polypropylene
4 /1% LCC and (c) polypropylene 4 / 1% GMS blends
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Figure 5.16 : Smoothed contour graphs of (a) pure polypropylene 5, (b) polypropylene
5 /1% LCC blends and (c) polypropylene 5/ 1% GMS blends
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Figure 5.17 : Smoothed contour graphs of (a) pure polypropylene 6, (b) polypropylene
6 /1% LCC and (c) polypropylene 6 / 1% GMS blends
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5.2.2.2 Removing the beam stop

At the center of each contour graph, it shows a small circle of the beam
stop which comes from placing a coin at the center of the scene to protect
the lens of the CCD Camera from the incident beam. Because the intensity
data at this area do not arise from the light scattering of sample so they
should be adjusted by using average intensity data from the outermost edge of
the circle in this area. Adjusted results are shown in Figure 5.18.
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Polypropylene 4/ 1 % GMS
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Figure 5.18 : Contour graphs of (a) pure polypropylene 4 (b) polypropylene 4 / 1%
LCC and (c) polypropylene 4 / 1%GMS

According to the intensity data , it was found that the crystals of
polypropylenes that were synthesized by metallocene catalyst in  different
polymerization times will differently scatter laser beams , that is to say
polypropylene obtained in higher polymerization time can better scatters laser
beams. For Ziegler-Natta-synthesized polypropylene , PP5( melt flow index = 11)
has the highest light scattering. And when addition of low molar mass liquid
crystal chemical (LCC) or glycerol monostearate (GMS) was operated , there
have some changes in crystalline structure. In the case of addition of low molar
mass liquid crystal chemical , the scattering light photographs were brighter. It
was indicated  that the crystal of “these blends can- scatter laser beams more than
pure polypropylene crystal , angles of light scattering extend , because of the
enhancement of crystallinity. But the blends of polypropylene and GMS do not
have apparent tendency of increasing light scattering. Namely in the case of
metallocene-synthesized polypropylene , the blends scatter laser beam less than
pure polypropylene , but the blends of Ziegler-Natta-synthesized polypropylenes
and GMS scatter laser beam better than pure polypropylene. These results
require further investigation from results of DSC and XRD .

From the obtained results , it is sufficient to indicate that the blend of
polypropylene and low molar mass liquid crystal chemical have the highest
crystallinity in all of polypropylenes because of the best light scattering. However
, in the case of GMS addition it is necessary to prove this suggestion by other
accurated analytical techniques to support these results.
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5.3 Differential Scanning Calorimetry (DSC)

Results of DSC experiments , obtained on samples heated , cooled
and heated again at 10 °C / min from the temperature of —20 to 200 °C, are
presented in Table 5.3 . Melting temperatures of polypropylenes produced using
Ziegler-Natta are significantly higher than melting temperature of metallocene-
synthesized polypropylene , because of the different molecular weight of each
polypropylenes. Actually molecular weight of metallocene-synthesized polypropylene
is higher than molecular weight of Ziegler-Natta-synthesized polypropylene in the
heterogeneous polymerization system. However the obtained metallocene-synthesized
polypropylenes were produced in homogeneous polymerization system , therefore
molecular weight of metallocene-synthesized polypropylene is lower than molecular
weight of Ziegler-Natta- synthesized polypropylene. Effects of low molar mass
liquid crystal chemical addition on melting temperature (Tm) in various molecular
weight isotactic polypropylene can be found. For polypropylene synthesized by

Polymerization Tm Tc m
Sample Catalyst time (min) Melt flow index | 1% heating 2" heating
(°C) (°C) (°C)

Pure 141.53 106.56 136.3
PP1 | LC Metallocene 60 n.d. 140.84 106.11 135.67
GMS 135.52 102.72 132.05
Pure 142.03 106.13 136.2
PP2 | LC Metallocene 90 n.d. 136.95 104.31 134.3
GMS 138.48 103.24 134.18
Pure 139.35 102.74 134.89
PP3 | LC Metallocene 120 n.d. 135.64 102.54 132.15
GMS 135.18 102.94 131.93
Pure 169.36 114.05 165.02
PP4 | LC Ziegler-Natta n.d. 20 166.42 118.77 166.44
GMS 163.59 118.43 163.57
Pure 171.86 113.88 166.05
PP5 | LC Ziegler-Natta n.d. 11 164.56 118.5 164.51
GMS 163.78 118.47 164.56
Pure 170.14 111.49 167.99
PP6 | LC Ziegler-Natta n.d. 2 16638 11625 16666
GMS 166.28 116.68 165.51

Table 5.3 : Melting temperature and Crystallization temperature of
polypropylene and their blends.
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metallocene catalyst (PP1 , PP2 and PP3) the first heated and the second heated
melting temperatures decrease about 4 °C and 2 °C, respectively. The
crystallization temperature (Tc) of the low molar mass liquid crystal chemical blend
remain equal to the pure polypropylene.

For polypropylene produced using Ziegler-Natta catalyst (PP4 , PP5 and
PP6) , the first heated melting temperature fall around 5 °C and it has not apparent
tendency of the reduction temperature from the second heated samples. The
crystallization temperature from the cool down experiments will increase about 5 °C.

The influences of glycerol monostearate addition on polypropylene
synthesized by metallocene catalyst (PP1 , PP2 and PP3), the first heated and the
second heated melting temperature decrease about 5 °C and 3 °C, respectively.

But the crystallization temperatures do not clearly change.

Polymerization 1% Melting Lattice 2" Melting
Sample Catalyst time (min) Melt flow index lattice energy lattice

energy(J/g) (J/9) energy(J/g)
Pure 92.5 79.8 77.95
PP1 | LC Metallocene 60 n.d. 7188 5736 6026
GMS 68.49 53.46 58.15
Pure 89.64 84.2 83.15
PP2 | LC Metallocene 90 n.d. -0 7296 7789
GMS 88.29 67.24 76.44
Pure 89.1 78.94 80.36
PP3 | LC Metallocene 120 n.d. 9929 5894 st
GMS 113.08 61.08 70.65
Pure 101.18 107.77 109.83
PP4 | LC Ziegler-Natta n.d. 20 rSy - 1004
GMS 108.66 97.09 96.55
Pure 91.66 102.08 101.62
PP5 | LC Ziegler-Natta n.d. 11 10837 99.05 o758
GMS 107.93 98.48 99.6
Pure 99.5 100.85 102.07
PP6 | LC Ziegler-Natta n.d. 2 108.74 89.08 899
GMS 94.03 91.41 94.69

Table 5.4 : Melting lattice energy and Lattice energy of polypropylene and their blends.
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For polypropylene produced using Ziegler-Natta catalyst (PP4 , PP5 and
PP6) the first heated and the second heated melting temperature decrease about 6
OC and 2 °C, respectively. The crystallization temperature increase around 5 °C .

It is also found that if polymer is passed many cycles of heating , the
melting temperature will decrease and both of low molar mass liquid crystal chemical
and glycerol monostearate blends can also reduce crystalline lattice energy and
crystalline melting lattice energy.

From these results ,they are summarized that low molar mass liquid crystal
chemical and glycerol monostearate slightly decrease melting temperature of
polypropylene. Because low molar mass liquid crystal chemical and GMS reduce
melt viscosity of the blends (S.Wacharawichanant el al. 2004), crystal of the
blends will melt easier , therefore melting phenomena can occur at lower
temperature. Glycerol monostearate can also have more effects on melting
temperature rather than low molar mass liquid crystal polymer for both synthesis
catalyst systems.

Low molar mass liquid crystal chemical and glycerol monostearate do not
apparently effect crystallization temperatures for polypropylene synthesized using
metallocene catalyst. On the other hand ,for polypropylene synthesized by ziegler-
natta catalyst , crystallization temperature of the glycerol monostearate blend
significantly increase. Because low molar mass liquid crystal chemical and glycerol
monostearate are able to enhance molecular mobility (S.Wacharawichanant el al.
2004) and to accelerate crystallization , therefore crystallization is able to occur at
higher temperature .

These significant differences of crystallization temperatures , when low molar
mass liquid crystal chemical and glycerol monostearate were added , due to high
molecular weights of Ziegler-Natta-synthesized polypropylenes. On the other hand,for
metallocene-synthesized polypropylenes , their differences of " crystallization
temperatures compared to pure polymer are slightly change because of their lower
molecular weights than the Ziegler-Natta polypropylene.
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5.4 Scanning Electron Microscopy (SEM)

The additives and all polypropylene product in this study were observed
by scanning electron microscopy (SEM) to determine its morphology as
exhibited in Figure 5.19.
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(c) Pure Polypropylene 3

Figure 5.19 : SEM Photographs of polypropylene that synthesized by metallocene
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From the Figure 5.19 ,it shows that polypropylene 1,2 and 3 (PP1,PP2,PP3)
synthesized by the various polymerization times , will show the different
morphologies.
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(c) Polypropylene 1/1% GMS

Figure 5.20 : SEM Photographs of polypropylene that synthesized by metallocene and
their blends.

In the case of spherulite observation ,before investigating the morphology
of this system by SEM , sample surface is etched in order to reveal spherulite
morphologies of crystalline polymer by using permanganic etching technique.
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Permanganic etching technique is the best method for polypropylene
etching. In this study , the solution of potassium permanganate in concentrated
sulfuric acid 3.5 % weight by volume was using as etchant. There are two
steps of etching method [Marsha, S. 1998]. To search the optimum etching time
by vary etching time 5,10, 15 and 20 minutes for each step. From that trial
and error , the optimum etching time of each step is 10 minutes at the
temperature of 60 °C because the etching surface of sample can clearly show
spherulite morphologies. Results of spherulite morphologies of the blends at all
blends from SEM are show in Figure 5.21-5.23.

(c) Polypropylene 4 /1% GMS
Figure 5.21 : SEM Photographs of spherulites of polypropylene 4 and their blends.
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(c)Polypropylene 5/ 1% GMS

Figure 5.22 : SEM Photographs of spherulites of polypropylene 5 and their blends.
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(c) Polypropylene 6 / 1% GMS

Figure 5.23 : SEM Photograph of spherulites of polypropylene 6 and their blends.

From the SEM photographs , it found that the addition of low molar mass
liquid crystal chemical and glycerol monostearate do not clearly effect to the size
of spherulite.
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5.5 X-Ray Diffraction (XRD)

This results in aso-called surface plot. The important peaks characteristic
of the o phase can be found at scattering angles 26 of 14 © (110), 17 © (040),
18.5 ° (130) , 21 ° (111) and 22 © (131 and 041). The crystallinity is determined by
measuring the integrated area of the crystalline reflections and the integrated of
the non-crystalline background and comparing the two [G. Farrow , 1961].

% Crystallinity = Area of crystalline fraction

Avrea of crystalline fraction + Area of amorphous fraction * (y)

where y is a factor, necessary to correct for the non-coincidence of the centres
of gravity of amorphous and crystalline reflections. From high temperature X-ray
diffraction photographs of variety of polypropylenes are shown in Figure 5.24
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Figure 5.24 : X-ray diffractograms of amorphous reflection of polypropylene

The curves from ‘the sample of polypropylenes is asymmetrical in shape , it
can be seen that there are small differences in shape for each curves. Therefore
to measure crystallinity of unoriented polypropylene specimens by X-ray diffraction.
The average of these curves has been used as the standard curve for crystallinity
measurements.

X-ray diffractograms of each polypropylenes and its blends were shown in
Figure 5.25-5.42 .



2
il
3

@
a
3

&
&
&

@
8
3

Intensity

150 W

20

Figure 5.25 : X-ray diffractogram of pure polypropylene 1

2
&
8

@
a
&

&
&
3

@
8
3

a’“ﬂ
M /J ; /M -
| i,

WWMMMWWMWMW

10 12 14 16 18 20 22 24 26 2

Intensity

N
3}
8

20

Figure 5.26 : X-ray diffractogram of polypropylene 1/ 1% LCC
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Figure 5.27 : X-ray diffractogram of polypropylene 1/ 1% GMS
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Figure 5.28 : X-ray diffractogram of pure polypropylene 2
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Figure 5.29 : X-ray diffractogram of polypropylene 2/ 1% LCC
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Figure 5.30 : X-ray diffractogram of polypropylene 2 /1% GMS
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Figure 5.31 : X-ray diffractogram of pure polypropylene 3
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Figure 5.32 : X-ray diffractogram of polypropylene 3 /1% LCC
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Figure 5.33 : X-ray diffractogram of polypropylene 3 /1% GMS
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Figure 5.34 : X-ray diffractogram of pure polypropylene 4
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Figure 5.35 : X-ray diffractogram of polypropylene 4/ 1% LCC
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Figure 5.36 : X-ray diffractogram of polypropylene 4 / 1% GMS
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Figure 5.37 : X-ray diffractogram of pure polypropylene 5
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Figure 5.38 : X-ray diffractogram of polypropylene 5/ 1% LCC
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Figure 5.39 : X-ray diffractogram of polypropylene 5/ 1% GMS
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Figure 5.40 : X-ray diffractogram of pure polypropylene 6
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Figure 5.41 : X-ray diffractogram of polypropylene 6/ 1% LCC
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Figure 5.42 : X-ray diffractogram of polypropylene 6 /1% GMS
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Sample Catalyst Polymerization time Melt flow index | % Crystallinity
(min)
Pure 83.83
PP1 LC Metallocene 60 n.d. 86.24
GMS 82.01
Pure 84.23
PP2 LC Metallocene 90 n.d. 86.47
GMS 83.93
Pure 84.69
PP3 LC Metallocene 120 n.d. 86.92
GMS 84.37
Pure 83.89
PP4 LC Ziegler-Natta n.d. 20 85.89
GMS 83.01
Pure 84.36
PP5 LC Ziegler-Natta n.d. 1" 85.26
GMS 82.47
Pure 83.40
PP6 LC Ziegler-Natta n.d. 2 86.56
GMS 82.92

Table 5.5 : % Crystallinity of polypropylenes and their blends-.

From the data of % crystallinity in Table 5.5 ,-it is indicated that
metallocene-synthesized polypropylene produced in different” polymerization time ,
which has different _crystallinity. Namely metallocene-synthesized polypropylene
produced in higher polymerization time , which has higher crystallinity. In the case
of Ziegler-Natta — synthesized polypropylene , PP5 (melt flow index = 11) has the
highest crystallinity.

When low molar mass liquid crystal chemical was added into the matrix of
polypropylene , crystallinity moderately raised about 2-3 % . For the blends of
polypropylene and GMS , crystallinity slightly decreased .

Comparison of two analytically characteristic results between SALS and XRD
, the results of crystallinity correspond to the light scattering results , namely
polypropylene obtained in higher polymerization time ,which can better scatters laser
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beams , it will have higher crystallinity. Ziegler-Natta — synthesized polypropylene
has the best light scattering , it has highest crystallinity. In the case of additive effect ,
for metallocene-synthesized polypropylene (PP1 , PP2 and PP3) the results of
crystallinity also correspond to the light scattering results. They are meant that low
molar mass liquid crystal chemical increases crystallinity of the blend , which will
scatter laser beams better than pure polypropylene ,while GMS decreases crystallinity
of the blend , which will scatter beams less than pure polypropylene.

For Ziegler-Natta — synthesized polypropylenes (PP4 , PP5 and PP6) , low
molar mass liquid crystal chemical increases crystallinity of the blend , therefore the
crystal of the blend scatters laser beam better than pure polypropylene. But in the
case of GMS addition , the results of XRD contradict to the light scattering results ,
namely crystallinity of the blend decreases , but the crystal of the blend scatter laser
beam better than pure polypropylene. Because of the size of the spherulite did not
change accordingly to the percent crystallinity.



CHAPTER VI

Conclusions and Recommendations

For the study of light scattering behaviors , melting and crystallization
temperature , morphology and crystallinity of polypropylene and the blends of LCC
or GMS , in this chapter, the conclusions and recommendations for further studies
will be focused.

6.1 Conclusions
The conclusions of this study are shown as follows :

1. Polypropylene produced using metallocene catalyst (PP1, PP2 and PP3)
which were synthesized by higher polymerization times , were obtained with the
higher activities and shown the different morphologies.

2. Polypropylene produced using metallocene catalyst (PP1 , PP2 and PP3),
which were synthesized by higher polymerization times , have better light scattering.
And Ziegler-Natta -synthesized polypropylene (PP4 , PP5 and PP6) that have
different melt flow index , can differently scatter laser beams.

3. There are some changes in the crystalline structure when low molar mass
liquid crystal polymer was added into polypropylene metric. Namely the crystal of
polypropylene-1% low molar mass liquid crystal chemical (LCC) blend can scatter
beams better than the crystal of pure polypropylene.

4. For effects of GMS addition , light scattering of metallocene-synthesized
polypropylenes were less. But in the case polypropylene synthesized by Ziegler-Natta
catalyst , light scattering of the blends were better than pure polypropylene but less
than LCC blends.

5. If polymer is passed many cycles of heating , the melting temperature will
be slightly decrease.
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6. Low molar mass liquid crystal chemical (LCC) and glycerol monostearate
(GMS) in the blends are able to slightly reduce melting temperature. Glycerol
monostearate have more pronounced effects.

7. In the case of Ziegler-Natta -synthesized polypropylene (PP4 , PP5 and
PP6) , low molar mass liquid crystal chemical (LCC) and glycerol monostearate
(GMS) can significantly increase crystallization temperatures because the molecule
of melted polypropylene can move faster , crystallization is easier to occur.

8. Metallocene-synthesized polypropylene produced in higher polymerization
time , it has higher crystallinity.

9. Low molar mass liquid crystal chemical (LCC) can moderately raise
crystallinity of the blend. But GMS slightly decrease crystallinity of the blend.

10. In the case of metallocene-synthesized polypropylene , the results of
crystallinity correspond to the light scattering results. That is to say low molar mass
liquid crystal chemical increases crystallinity of the blend , which will scatter beams
rather than pure polypropylene , while GMS decreases crystallinity of the blend, so
it will scatter laser beams less than pure polypropylene.

11. In the case of metallocene-synthesized polypropylene , the results of
crystallinity contradict to the light scattering results.

6.2 Recommendations for further studies

The recommendations for further studies are-as follows :

1. It might be further investigated effects of the content of LCC and GMS in
the blend . ~on -light scattering -behavior ;; melting temperature , crystallization
temperature and crystallinity.

2. It should be interesting to study the kinetic of crystalline polymers by
using small angle light scattering technique.

3. It should be investigated the other additives , which blend with
crystalline polymer by using small angle light scattering and X-ray diffraction
technique.
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Appendix A : The light scattering measurement and etching

The standard methods of the light scattering measurement and etching are

as follows :

1. The investigation light scattering behavior ;

1.1

1.2

1.3

The laser beam passed through the sample which was mounted
between two polarizers. Using the illumination of light from gain 6
and gain 10, collect 48,400 digital intensity data from light scattering
photographs.

To get the better contour graph of light scattering. From digital
intensity data, we smoothed data by using average data. We average
81 data to be 1 data. Totally we got 625 averaged data.

Since we put a coin at the center of the screen, called beam stop, to
protect the laser beam which has high intensity passed through the
CCD camera directly, the contour graph at the center is very poor. So
we modified averaged intensity data at the center of the contour
graph of light scattering by adjusting data in the area of a coin to a
new data which was closer to data around the outermost rim of a
coin.

2. Etching ;

In this work, we made two steps of etching by using 20 ml of the

solution of potassium-permanganate-—in conc. Sulfuric acid 3.5 % weight by
volume, as the etchant. First etching, the sample was etched for 10 minutes, then

washed by

water for 5 minutes and then washed by acetone for 5 minutes.

Second etching, the same sample was etched for 10 minutes in the new prepared

etchant. Then the sample was washed by water for 10 minutes and then washed
by acetone for 10 minutes. The thickness of the sample is 1 mm.
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Appendix B : The data of DSC characterization

Aondo

Sample : PP-1

Inteqral

Orzet

966,66 B

formallzed 52,50 Jgt-1
L3E.T4 “C
Foak 111,53 "¢
I = i |
S— r |

Incegral

Ald. &2 =
lized 77.05 Jg°-1

129.60 *c
138,30 *c

4
Wg -1 Sod benaticy pims RN T
N \\\\
B T s WY 5N \'\\\wz. % IR TR
'DEMO Version WETTLER TOLEDO STAR' System
gure B-1: DSC ‘curve p opylene 1
l‘, [
A‘l‘:aa
8 «(‘)‘
NPl
“endo ..u’/f'/'
Bamplae : PP=2
_fv‘:s:’ 5
b = 3
Tn & = j!ﬂ
nnruali:!d E!-ij_::;;:-=::::ﬂdffjr\k-
anlat 129.497 "¢
] 136.20 "¢
Wgu-1

=l ;;ﬁmuu'ma

U3l J

'eawwmﬂimﬁﬁa

=

¥ LI L] ¥
-iﬂ =40 =20 a0 i.

R

mr uin nw .o

'DEMO Version

~WETTLER TOLEDO STAR' System

Figure B-2 : DSC curve of Pure Polypropylene 2
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Figure B-4 : DSC curve of Pure Polypropylene 4
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Figure B-6 : DSC curve of Pure Polypropylene 6
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Figure B-8 : DSC curve of Polypropylene 2/1% LCC
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Figure B-12 : DSC curve of Polypropylene 6/1% LCC
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Figure B-13: DSC curve of Polypropylene 1/1%GMS
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Figure B-14 : DSC curve of Polypropylene 2/1%GMS
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Figure B-15: DSC curve of Polypropylene 3/1%GMS
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Figure B-16 : DSC curve of Polypropylene 4/1%GMS



105

Figure B-17 : DSC curve of Polypropylene 5/1%GMS
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Appendix C : The data of XRD characterization
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Figure C-2 : Amorphous curve of polypropylenel/1%LCC
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Figure C-3 : Amorphous curve of polypropylenel/1%GMS
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Figure C-4 : Amorphous curve of pure polypropylene2
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Figure C-6 : Amorphous curve of polypropylene2/1%GMS




110

Sample identification : Pure3 297K
650
550 -
450 -
"? 350
7
c
@)
'E 250
150 4 A/ Wﬁ/
50 - M
10 1‘2 1‘4 1‘6 1‘8 26 2‘2 2‘4 2‘6 28
-50
20
Figure C-7 : Amorphous curve of pure polypropylene3
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Figure C-8 : Amorphous curve of polypropylene3/1%LCC
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Figure C-9 : Amorphous curve of polypropylene3/1%GMS
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Figure C-10 : Amorphous curve of pure polypropylene4
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Figure C-11 : Amorphous curve of polypropylene4/1%LCC
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Figure C-12 : Amorphous curve of polypropylene4/1%GMS
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Figure C-13 : Amorphous curve of pure polypropylene5
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Figure C-14 : Amorphous curve of polypropylene5/1%LCC
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Figure C-15 : Amorphous curve of polypropylene5/1%GMS
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Figure C-16 : Amorphous curve of pure polypropylene6
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Figure C-17 : Amorphous curve of polypropylene6/1%LCC
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Figure C-18 : Amorphous curve of polypropylene6/1%GMS
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