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Polyolefins: Success Factors AARARA

Ethylene and Propylene - Cheapest building blocks
known to man

Easily accessible raw materials

Non polluting process

Easy processability

Broad product portfolio; diverse applications
Abllity to tailor make products

Easy to recycle
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 Global demand for polyethylene (PE) has grown quickly since its early days.
 Primary reasons for this sustained growth are

* PE is well established plastic resin with broad application range.
Its use has grown faster than overall economic growth.

% It continues to have the potential to replace traditional materials like glass,
wood, paper and metal.

« Today, the family of polyethylene resins represents the largest single group
of plastic materials produced and consumed in the world.
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* In 1933, Polyethylene was accidentally discovered in the
ICI laboratories in the UK that ethylene, in the presence
of adventitious oxygen. This discovery, a by-product of
the study of chemical reactions at high pressure.

« The first so-called linear PE was made at Du-Pont by
free radical polymerization at 50 -80°C and 707 MPa

(7000 atm),
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Polyethylene — Stages in Developmeniits
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11930’s — Development of high pressure process to
arrive at branched PE — LDPE

11950’s — Development of co-ordination catalysts —
Chromium Oxide & Ziegler-Natta catalysts for linear
PE — HDPE. Development of slurry processes for
HDPE.

d1970’s - Development of low pressure gas phase
technology for HDPE & LLDPE (Swing). Development
of other processes also began — mainly in 80’s

11990’s — Development of single site catalyst
(metallocene) for m-LLDPE.
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Supply & Consumption it
Supply
« According to latest statistics, the polyethylene production

capacities in the GCC will increase to 21.5 MMT by the
year 2015.

« The production of polypropylene will also increase to 9.5
MMT by 2015

« This will bring the combined production capacities of the
two major polyolefin resins to over 31 MMT by 2015.

Consumption

« GCC countries total consumption would be 5.5 MMT by
2015.
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Rotomolding , Others, 1% Pipe &
3% Conduits, 2%

Extrusion, 5%

In;
Molding,
12%

Blow Molding,
13% Film, 64%
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Types of Polyethylene adada
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Classification by Density

*

Low Density Polyethylene (LDPE)
Density - 0.918 gm/cc - 0.930 gm/cc
Linear Low Density Polyethylene (LLDPE)
Density - 0.918 gm/cc - 0.935 gm/cc

High Density Polyethylene (HDPE)

Density - 0.940 gm/cc - 0.960 gm/cc
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LDPE : Highly branched structure

T ~

LLDPE : Short branching

e L

HDPE - Linear structure
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Various Structure of LDPE

Schematic representation of the various
structures of polyethylene

HDPE I

Density: 0.940-0.970 g/cm? |

MDPE
Density: 0.926-0.940 g/cm? | | |

VLDPE/LLDPE 1 11 1

Density: 0.905-0.935 g/cm? | I | |

LDPE
Density: 0.915-0.935 g/cm?
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High pressure polymerization
(LDPE) - Manufacturing Adada

» Autoclave process- ICI, Dupont,CDF
Chimie(how Enichem)

* Tubular process- BASF (now
Basell),DSM, Enichem
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High pressure polymerization (LDPE)= 7
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Density : 0.918 gm/cc - 0.935 gm/cc

Controlled by varying - Reactor pressure
Reactor temperature

MFI, g/10 mins : 0.2 - 50

Controlled by varying pressure - Reactor pressure
Reactor temperature

Concentration of modifiers

Structure :  Short ethyl branches
Long branches; PE chains
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Low Density Polyethylene (LDPE) A,
S

AAAAAAA

Characteristics

#¥*  Products offer excellent processability

= Low motor loads

= Excellent bubble stability (films)

= Very low neck-in and excellent adhesion (extrusion coating)
= very good opticals

#* Moderate product properties

— Mechanical properties
= Dart Impact strength
— Tear strength
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Low Density Polyethylene (LDPE)

Characteristics
¥*  Severe process conditions
= Very high pressure
= High temperature
#* High capital cost
= Sizing of equipment for high pressures
#*  Higher operating cost
— To run high capacity compressor
* Relatively lower capacity plants
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Low Pressure Polymerization L5400
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LLDPE

HDPE
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Mechanisms and catalysts for

F'Sv N
various Types 2232,
Mechanism of

Type of PE ~ |Polymerization |Catalysts
LDPE Radical  [Oxygen &/or peroxides

Supported Chromium oxide
LLDPE & HDPE| Co-ordination |Ziegler Natta

Metallocene
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Catalyst types for Polyolefins ) B,
AASARA,

Catalyst systems
* Zlegler Natta

= Based on Titanium
= Trialkylaluminium cocatalyst

= Magnesium support

Work horse catalyst used by 90% of polymerisation
plants in the world
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Catalyst types for Polyolefins
adaby
AARARA

¥ Phillips catalyst

— Based on chromium oxide
= Yield broad MWD products
= Widely used for HDPE and HMHDPE

* Metallocene catalysts

— Homogenous type
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Manufacturing Processes for variouss . |

types... Abakata
Po|yo|ef|n Processes

v v
Slurry phase Gas phase Solution phase
Heavy Light Fluidised Stirred High Medium Low
Diluent Diluent bed bed pressure pressure pressure
| |
I ] v '
Loop CSTR Horizontal  Vertical
Reactor Reactor Reactor

! !

Loop CSTR
Reactor
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Slurry polymerisation (CSTR), Polyethylefiea
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Best known example

* Hostalen process( Basell)
* Mitsui CX process
« Equistar- Maruzen bimodal process

* Nippon-Nisseki process
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Slurry Polymerization (Loop), &,
Polyethylene addalis

Best known examples

* Chevron Phillips process

» Borstar Slurry loop-Gas phase process

(Borealis)

» Solvay process
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Solution Polymerization, Polyethylengis

Best known examples

#* Sclairtech process (Nova chemicals)
#* Dowlex process

#* DSM process
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Gas phase, Fluidised bed process = afita
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Best known examples

« Unipol process(UCC-Univation)

Lupotech process(BASF-Basell)

* Innovene process (BP Amoco )

« Spherilene process (Montell-basell)
« Evolue process (Mitsui)

« Unipol-Il process (UCC-Univation)
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Comonomer species (a-olefin) and
' : Abada
physical properties Satan

« In order to improve the quality of LLDPE, a comonomer
IS generally selected and added for the modification of
strength.

 Itis general practice to copolymerize PE with a
comonomer having high molecular weight to improve
mechanical strength. As the molecular weight of the
comonomer becomes higher, the strength of PE goes

up.
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-C-C-C-C-C-C-C-C- -C-C-C-C-C-C-C-C-
C-C é
C4 Butene-1 C-C-C
C6 Octene-1
'C'C'E'C'C'C'C' -C-C-C-C-C-C-C-
-C-C-C |
C6 Hexene-1 c-c-e-ecC
C8 Octene-1
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Influence of Co-monomer on Propertigssts
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Mechanical str
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Cz2 Ca C8 C8

Typa of comonomee
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Linear low-density PE (LLDPE)

LLDPE has bulky molecules because side chains are
iIntroduced into PE. Because of this, LLDPE is not dense
and has lower density than that of HDPE.

Side chains are short and
small in number.

The physical properties of LLDPE vary as shown in the
figures (next slides), depending on the levels of the
molecular weight (MFR) and density. As the side chains
iIntroduced become longer, strength and low-temperature
resistance become higher.
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Tensile strength and MFR
AfaRa
Adyhphy

As the side chains become longer, strength increases.
Furthermore, as MFR decreases (higher molecular weight),
tensile strength becomes higher. LLDPE has higher tensile
strength at the same MFR than that of LDPE.

: an LLDPE(Cs.C8B)
£ 20— , ,
x 10}
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Tensile impact strength and MFR

 As MFR decreases (higher molecular weight), tensile
Impact strength increases. LLDPE has higher impact
strength at the same MFR than that of LDPE.

LLDPE(Cs.CB)

Dr Y B Vasudeo 2013 30



h 4

v
Brittle temperature and MFR ~ afa2s
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 As MFR decreases (higher molecular weight), brittle
temperature decreases. LLDPE is lower in brittle
temperature at the same MFR than LDPE.

/ LDPE
_ 40
: LLDPE(Cs.C8)
80 -
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Effect of Comonomer on FiIlm
Propertiues

Effects of Comonomer on Film Properties

o

f-Butans T-Hexens I-Octens
1. 0 M Falm Strength,. Grams

Impac?

MDD Tear

TD Tear
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Physical properties of HDPE = 224

Basic properties of high-density PE

 Among the factors controlling the physical properties of
HDPE are MFR, density, molecular weight, molecular
weight distribution, crystallinity, double bonds, branched
species, etc. But the three basic physical properties

(factors) that regulate physical properties are molecular
weight, molecular weight distribution, MFR and density.

« Various grades are manufactured by controlling these
physical properties.
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HDPE

LDPE

Molecular Configuration

Side chains are short and
small in number.

There are many irregular
side chains.
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As molecular weight increases (lower MFR), mechanical
strength generally increases, but on the other hand, melt
VISCOSIty Increases, maklng flowability (moldability) lower.

TEIOVE stionship between MFH

’ 1111'1 cal properties

Moldsbility
iy

ofrnkage anisotropy dower)
Swell (smaller)

proparues

Tensile strength
Elongation

Impact strength

Cresp resistance

Matting properties

Stress cracking resistance

1 G= Physica

Low 4= MFR = High
mow 4= Av. Nolecular Weight = Low
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Molecular weight distribution of HDPEstata
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Molecular weight distribution affects the flowability and
mechanical properties of the polymer significantly. As
molecular weight distribution becomes wider, improvement
In flowability (moldability). Further, as the distribution
becomes narrower, mechanical properties such as tensile
strength and impact resistance become better.
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Molecular weight distribution of HDP E‘

T

t

o

0 4= Physical propertie

-
34

Ve Relationship batwean dansity and
physical properties

lensile vield strength
Hexusl rigidity
Linear strength

(longitudinal and ransverse)

Strass cracking resistanca
{ Wrincles, sagging (film)
Heat sealability (film)

.
in

Low 4= Density = High
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As density increases, tensile strength and rigidity, among

other things, increases, but impact strength, transparency,
stress cracking resistance, etc. decline

Relationship between molecular structure and physical
properties

The general physical properties of HDPE trend in
accordance with a fall in molecular weight, an expansion of
molecular weight distribution and a rise in density.
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Bimodal polyethylene Adda

Products with unigue combination of
Processability
Mechanical properties
Speciality grades
Blow Moulding
Film
Wire and Cable
Pressure pipe
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Bimodal polyethylene - BORSTAR = adafa
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« The fundamental feature of the Borstar technology is its
dual reactor operation which allows us to produce
materials for film extrusion in a wider range of densities
and MFR, with a broad (bimodal) molecular weight
distribution and tailored comonomer distribution.

« Borstar technology is suited to a very wide range of PE
product properties and applications, and offers new
materials with enhanced performance.
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Metallocene LLDPE ) I,
Benefits & Applications — a%&%8%.

« Metallocene LLDPE resins are well recognized for their
excellent dart impact and puncture resistance, superior
organoleptics, brilliant clarity and outstanding hot tack
and heat seal benefits.

« Metallocene LLDPE resins ideally suited for high-
performance film applications such as food and medical
packaging, shrink wrap, heavy duty sacks, medical
packaging, other non-food packaging, retail bags and
sacks, agriculture film and other non-packaging
applications.
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Film Properties: LLDPE with 20% blend of LD1005FY20

Properties Unit 019010 Surpass FP117D  Elite 5401

Tear Strength, MD gm/ mic 6 5.6 5.3

D 28 28 29
Dart Impact gm/ mic 4.4 7 10.3
Thickness micron 49 48 50
Haze % 15 16 19
Gloss @ 60° - 70 61 58
SIT °C 109 103 105
Hot Tack Strength gm/25mm 155 @ 112°C 140 @ 106°C 190 @ 109°C
Heat Seal Strength gm/25mm > 1500 > 1300 > 1200
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Film Properties ( 2.25 BUR, 25 microns)

Properties Units Sample 1|Sample 2|Sample 3
Motor loads ampere 11 11 10.5
Output kg/ hr 19.8 19.8 19.6
Dart Impact agm/ mic 9.5 12 13.9
Tear - MD gm/ mic 15 16.4 20

- TD 19 20 23
COF, Static - 0.19 0.2 0.22

Kinetic - 0.16 0.17 0.17

Haze %0 29.4 28.3 28.1
Gloss @ 60° - 58 60 58
Sample 1: 019010
Sample 2: O19010 + 2.5% Engage
Sample 3: 019010 + 5% Engage
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Metallocene
LLDPE

“Branched”
LLDPE

Gas Phase
Z-N LLDPE

Strength, Performance—

Processability, Moldability
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Metallocene LLDPE

LLDPE

Metallocene LLDPE
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Thank You

....To Polypropylene
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