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General Introduction

General Introduction

Polymers are a class of materials that have revolutionized modern society. They are
composed of large molecules made up of repeating units called monomers, which are
chemically bonded together to form long chains. This repeating structure gives polymers
unique physical and chemical properties that make them incredibly versatile and useful in
many different applications The importance of polymers cannot be overstated. They have
transformed many industries, such as packaging, transportation, construction, and healthcare.
Polymers are used in a variety of everyday products, from plastic bags and water bottles to

medical implants and drug delivery systems.

During the second half of the 20th century, polymers garnered increasing interest from
industrial sectors. The objective was to develop and introduce materials that could replace
metals and other substances while possessing favorable mechanical properties. The
significance of polymer materials has become so profound that it is difficult to imagine our
environment without them. The production and consumption of polymers have become
indicators of development, triggering a continuous race to discover new processes that give

rise to new grades and materials.

Global polymer production has steadily risen from the 1970s onwards and this growth
became more noticeable and continues to escalate even today. Polyethylene alone accounted
for a quarter of this production due to its low manufacturing cost and excellent physical and
mechanical properties. Furthermore, this polymer allows for easy shaping through processes
like extrusion or injection. It also possesses outstanding electrical insulation properties, and
impact resistance, and exhibits significant chemical and biological inertness, making it
suitable for food contact applications. The demand for polyethylene continues to surge
worldwide, and Algeria is no exception. To meet the domestic market needs and reduce
importation, Algeria acquired the POLYMED unit located at CP2K, aiming to potentially

export any production surplus.

This manuscript is divided into three chapters. The first chapter provides an overview of
polyethylene, while the second chapter focuses on the presentation of the CP2K complex and
the description of the high-density polyethylene (HDPE) production process. The third
chapter provides a detailed account of the experimental study conducted at CP2K, along with
the experimental results and their interpretations. The work concludes with a general

conclusion.



Chapter I
Synthesis
Methods of
Polyethylene,
Properties and
Applications



Chapter I Synthesis Methods of Polyethylene, Properties and Applications

I. Introduction

Polymers are large molecules composed of repeating subunits called monomers. These
monomers are covalently bonded in long chains, giving polymers unique physical and

chemical properties.

Polymers can be classified based on their structure, composition, and properties. The three

main categories of polymers are thermoplastics, thermosets, and elastomers.

The classification of polymers is essential for identifying the best-suited polymer for

specific applications based on its properties and performance requirements[1].

I.1 Description of polyethylene

Polyethylene (PE) (sometimes known as polythene) was discovered in 1933 by Reginald
Gibson and Eric Fawecett at the British industrial giant, Imperial Chemical Industries (ICI).
Although it is more than 70 years since it was first produced, it is still a very promising

material.

This widely used plastic is a polymer of ethylene, CH.=CH, (Figure 1.1), having the
formula (-CH>-CH?>) n. It is produced at high pressures and temperatures in the presence of
any one of several catalysts, depending on the desired properties of the end-use product. Other
structures (leading to long and short branches) may be present, depending on the procedure
used in the synthesis. PE is the largest volume of polymer consumed in the world. It is a
versatile material that offers high performance compared to other polymers and alternative

materials such as glass, metal, or paper [2].

H H
A /!
c=C
/ AY

H H

Figure 1.1: Chemical structure of ethylene monomer.

1.2 Polyethylene synthesis method

The German chemist Hans von Pechmann discovered polyethylene by accident in 1898.
The substance was then named polymethylene when further analyzed by colleagues Eugen
Bamberger and Friedrich Tschirner. The first practical synthesis of polyethylene was
discovered in 1933 by Eric Fawcett and Reginald Gibson. Michael Perrin developed the

accidental discovery into a reproducible high-pressure synthesis for polyethylene, which was
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used for industrial low-density polyethylene production starting in 1939. During World War
I1, polyethylene was used to produce insulation for UHF and SHF coaxial cables of radar sets.
The commercial production of polyethylene improved with the development of catalysts for
polymerization at mild temperatures and pressures. The Phillips catalyst based on chromium
trioxide was discovered in 1951, and in 1953, Karl Ziegler developed a catalytic system based
on titanium halides and organo-aluminium compounds. The Ziegler and metallocene-based
catalysts families have proven to be very flexible at copolymerizing ethylene with other

olefins and have become the basis for the wide range of polyethylene resins available today

2.

1.3 Transition Metal Catalysts for Ethylene Polymerization

Transition metal catalysts are commonly used in the industrial production of polyethylene
through a process called coordination polymerization. In this process, the transition metal
catalyst facilitates the formation of the polymer chain by coordinating with the ethylene
monomers. The most commonly used transition metal catalysts for ethylene polymerization
are based on group 4 metals such as titanium, zirconium, and hafnium. These metals are
typically used in the form of organometallic compounds, such as metallocene or non-
metallocene catalysts. Metallocene catalysts consist of a transition metal center sandwiched
between two cyclopentadienyl ligands. These catalysts are highly active and selective,
producing polyethylene with well-defined molecular weights and narrow molecular weight
distributions. Non-metallocene catalysts, on the other hand, have a more varied structure and

are often based on ligands such as pyridine or imidazolines. (Figure 1.2)

The use of transition metal catalysts allows for greater control over the polymerization
process, resulting in more precise molecular weight distribution, improved product quality,
and higher yields. Additionally, the use of these catalysts allows for the production of a wide
range of polyethylene products with different properties, such as high-density polyethylene
(HDPE) and linear low-density polyethylene (LLDPE), which have important applications in

a variety of industries, including packaging, construction, and automotive.

A = Initial high rate of polymerization by
B = Gradually increasing kinetic rate; long-lived catalyst

© = Initial slow ki ic rate (ind ion period) followed by
long-tived catalyst

Rate of polymerization —»
I
|
0

Time —»

Figure 1.2: Rates of polymerization with transition metal catalysts

3
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1.4 Free radical polymerization of ethylene

Free radical polymerization of ethylene is a process by which many individual ethylene
monomers are chemically bonded together to form a long-chain polymer. This process

involves the use of free radicals, which are highly reactive species with unpaired electrons.

The process begins by adding a small amount of a radical initiator, such as a peroxide or
azo compound, to a reaction vessel containing ethylene gas under pressure. The initiator
decomposes under heat or light, generating free radicals that attack the ethylene monomers,
initiating a chain reaction. The growing polymer chain can also react with additional ethylene

monomers, leading to further chain growth.

The reaction is typically carried out at high pressures and temperatures to promote ethylene
monomer conversion and polymerization. As the reaction progresses, the resulting polymer

chains become increasingly entangled, leading to a high molecular weight polymer.

The properties of the resulting polymer can be tuned by adjusting the reaction conditions,
such as the type and amount of initiator, temperature, pressure, and the presence of other
monomers or additives. The resulting polymer can have a wide range of applications,

including as packaging materials, electrical insulation, and coatings|2].

1.5 Polymerization processes and catalysts

Polyethylene (PE) is a complex field with a wide range of types and manufacturing
processes that offer versatile tailor-made products. The processes are classified based on the

physical state of the medium and reactor type.

The processes include suspension, solution, gaseous phase, and bulk, occurring at low or
high pressure by a coordination mechanism or in the presence of free radicals (Table 1.1).
Advances in catalyst technology and reactor design have allowed producers to improve the

performance of end-use products.

New concepts for PE manufacture and the use of combined processes, such as Borstar of
Borealis, have been introduced, but each process presents its advantages and disadvantages.
(Pascu, 2005)
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Table 1.1 Polyethylene (PE) manufacturing processes and product range (Pascu, 2005)
Process
Product Autoclave, | Tubular | Gas phase, | Autoclave/ | Autoclave,
high ,high fluidised loop, solution
pressure pressure bed suspension
Low-density PE (LDPE) + + - - -
Linear low-density + 0 + 0 +
PE(LLDPE)
Very-low-density + 0 + — +
PE (VLDPE)
High-density PE (HDPE) 0 - + + +
High-molecular- - — + + —
weightHDPE
(HMWHDPE)
Ultra-high-molecular- — — 0 + —
weight PE (UHMWPE)
Ethylene—vinyl + + - — —
acetate(EVA)
copolymer
Acrylic copolymer + + - - -
+: adequate
0: technically possible with limitations
—: inadequate or impossible

Ethylene polymerization is the process by which ethylene monomers are chemically
bonded together to form a polyethylene polymer. Ethylene is a simple hydrocarbon molecule
that consists of two carbon atoms and four hydrogen atoms. When ethylene monomers are
subjected to heat and pressure in the presence of a catalyst, they undergo a polymerization
reaction that results in the formation of a long chain of ethylene units. There are two primary
methods for ethylene polymerization: high-pressure polymerization and low-pressure

polymerization. (Figure 1.3)

High-pressure polymerization involves subjecting ethylene monomers to very high
pressures (usually around 2000-3000 atmospheres) in the presence of a free-radical initiator.
This process typically results in the production of high-density polyethylene (HDPE), which

is a dense, strong, and relatively stiff material.

Low-pressure polymerization, on the other hand, uses a catalyst (usually a Ziegler-Natta
catalyst) to facilitate the polymerization reaction at lower pressures and temperatures. This

process typically results in the production of linear low-density polyethylene (LLDPE) or
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low-density polyethylene (LDPE), which are more flexible and have better resistance to stress
cracking than HDPE [2].

Ethylene polymerization is a widely used industrial process for the production of

polyethylene, which is used in a variety of applications, including packaging, pipes, films, and

coatings.
H H H H H H H H H H H H H
\ / \ / \ / catalyst I A R
c=c + c¢c=c + ¢=¢ - ——>» -—C—C—C—C—C—C—C—
\ / \ / \ R I I I
H H H H H H H H H

catalyst
" 4 J J J
99 G = M
J J J . :
ethylene polyethylene

Figure 1.3: Mechanism of polymerization of Ethylene.

1. 5.1 PHILIPS process

The Phillips process is a well-known method of polyethylene polymerization that was
developed by scientists at Phillips Petroleum Company in the 1950s. It is a type of high-

pressure polymerization that involves the use of a catalyst system based on chromium oxide.

In the Phillips process, ethylene is polymerized under high pressure and high temperature
in the presence of a catalyst system consisting of chromium oxide and a co-catalyst, typically
a metal alkyl compound such as triethyl aluminum. The chromium oxide serves as the active
catalyst species, while the co-catalyst helps to activate the catalyst and increase its reactivity

towards the ethylene monomer.

The polymerization process takes place in a tubular reactor that is maintained at a pressure
of around 1000-3000 bar and a temperature of around 180-300 °C. The high-pressure
environment allows for the production of high-density polyethylene (HDPE) with a high

molecular weight and a narrow molecular weight distribution.

The Phillips process is characterized by its high conversion rates, high reactor productivity,
and the ability to produce a wide range of polyethylene grades with varying properties. The
process can be adjusted to produce polyethylene with different melt indices, densities, and

molecular weights, depending on the application requirements|[3].

6
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One of the main advantages of the Phillips process is its scalability, as it can be easily
adapted for use in large-scale industrial production. The process is widely used in the

production of HDPE for various applications, including pipe, film, and blow molding.

I. 5. 2 Ziegler-Natta process

The Ziegler-Natta process is a commonly used method of polyethylene polymerization that
was developed in the 1950s by Karl Ziegler and Giulio Natta. It involves the use of a catalyst
system consisting of a transition metal compound and an organoaluminium compound. In the
Ziegler-Natta process, ethylene is polymerized at low pressure and low temperature in the
presence of a catalyst system. The transition metal compound acts as the active catalyst
species, while the organo-aluminium compound serves as a co-catalyst and helps to activate
the catalyst. The polymerization process takes place in a reactor vessel that is maintained at a
pressure of around 10-50 bar and a temperature of around 50-100 °C. The low-pressure
environment allows for the production of low-density polyethylene (LDPE) with low

molecular weight and a broad molecular weight distribution.

The Ziegler-Natta process is characterized by its ability to produce polyethylene with a
high degree of stereo-regularity, resulting in improved mechanical and processing properties.
The process can be adjusted to produce polyethylene with different melt indices, densities,

and molecular weights, depending on the application requirements.

One of the main advantages of the Ziegler-Natta process is its versatility, as it can be used
to produce a wide range of polyethylene grades with varying properties. The process is widely
used in the production of LDPE for various applications, including packaging materials,
films, and coatings. In summary, the Ziegler-Natta process is a widely used method of
polyethylene polymerization that is characterized by its ability to produce polyethylene with a
high degree of stereo-regularity and its versatility in producing a wide range of polyethylene
grades [3].

1.6 High-density polyethylene (HDPE)
HDPE stands for High-Density Polyethylene, which is a type of thermoplastic polymer. It

is commonly used in the manufacturing of various products, including plastic bottles, pipes,

and packaging materials[3].

HDPE was developed in the 1930s by Paul Hogan and his team at IG Farben. It became

popular in the 1950s due to the development of efficient catalysts. It was used in packaging
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materials, pipes, and electrical insulation. Advancements in technology in the 1970s and
1980s improved its properties, including the development of metallocene catalysts. HDPE is

now widely used in various industries due to its strength, durability, and recyclability.

I. 6. 1 High-density polyethylene synthesis methods

There are several methods for synthesizing high-density polyethylene (HDPE), which is a
thermoplastic polymer with a high molecular weight and a high density. Some of the most

common methods for HDPE synthesis include:

— High-pressure polymerization: In this method, ethylene monomers are subjected to
high pressures (around 2000-3000 atmospheres) in the presence of a free-radical initiator,
such as oxygen or peroxide. This process typically results in the production of HDPE
with a narrow molecular weight distribution.

— Ziegler-Natta catalysis: This method involves the use of a Ziegler-Natta catalyst, which
is a type of transition metal complex that can facilitate the polymerization of ethylene
monomers. This process is typically carried out under low pressures and temperatures,
and it can result in the production of HDPE with broader molecular weight distribution.

— Metallocene catalysis: This method involves the use of a metallocene catalyst, which is
a type of single-site catalyst that can provide better control over the polymerization
process. This method can result in the production of HDPE with very narrow molecular
weight distribution and improved properties [4].

— Solution polymerization: In this method, ethylene monomers are dissolved in a solvent,
such as hexane or heptane, and then subjected to polymerization in the presence of a
catalyst. This process can result in the production of HDPE with a high degree of control

over the molecular weight distribution and the properties of the final product.

Overall, the choice of HDPE synthesis method depends on the desired properties of the

final product, as well as the cost and availability of the necessary equipment and materials.

I. 6. 2 Polymerization of high-density polyethylene by metal oxide
High-density polyethylene (HDPE) can be polymerized using metal oxide catalysts, such

as molybdenum or chromium oxide. These catalysts are typically used in a high-pressure
process, where ethylene gas is pressurized and heated to initiate the polymerization reaction.
The metal oxide catalysts help to control the molecular weight and branching of the polymer,

resulting in a more uniform and predictable product. This process has been used in the
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industrial production of HDPE since the 1950s and continues to be a widely used method for

the production of this versatile polymer.

I. 6. 3 Polymerization of high-density polyethylene by Ziegler-Natta catalyst

Polymerization of HDPE by Ziegler-Natta catalyst involves the use of a catalyst composed
of a transition metal compound (usually titanium or vanadium) and an organoaluminium
compound. The catalyst is activated by adding an alkyl aluminum compound, which leads to
the formation of active sites for the polymerization reaction. In the polymerization process,
ethylene gas is pressurized and fed into a reactor containing the catalyst system. The reaction
takes place at high pressure and temperature, causing the ethylene monomers to react and
form long chains of HDPE. The resulting polymer is then cooled and removed from the

reactor.

The Ziegler-Natta catalyst system provides several advantages over other catalysts,
including high activity, good control over molecular weight distribution, and the ability to
produce polymers with high crystallinity and melting points. These properties make HDPE
produced by Ziegler-Natta catalysts suitable for a wide range of applications including

packaging, pipes, and automotive component [5-14].
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Chapter 11 Presentation of the CP2k Petrochemical Complex

I1. Introduction

This chapter aims to present the CP2K complex by reviewing its geographical
location, and the key dates related to the construction and start-up of the HDPE unit.
The organization and structure of the complex, as well as the tasks assigned to each
department, will also be presented. A description of the PHILIPS HDPE production
process will be provided, followed by an overview of the range of HDPE grades
produced by CP2K]1].

1.1 Historical

The CP2K complex was established in the industrial zone of Skikda in January
2004, after the project to build a high-density polyethylene unit was signed in April
1991 between ENIP (National Petrochemical Industries Company) and Repsol
Quimica (a subsidiary of Repsol), as part of the Algerian-Spanish industrial

cooperation. The joint unit was then called POLYMED (Mediterranean Polymers).

The unit's capital was held by ENIP at 64%, REPSOL at 23%, and BAD (Algerian
Development Bank) at 13%. Later on, ENIP decided to buy out the shares of
REPSOL and BAD after they decided to withdraw. Today, Sonatrach has taken over
the unit, which is now called CP2K [2].

11.2 Location

The CP2K petrochemical complex is located within the Skikda industrial zone,
covering an area of 166,800 square meters (16.68 hectares), of which 10% is built-up.
Figure 11.1

It is located on the coast, 6 km east of the capital of Skikda province, at an average
height of about 6 meters above sea level. The geographical position is limited as

follows:

o To the north: The Mediterranean Sea
o To the south: The main road of the industrial zone.
o To the east: The intervention and reserve force.

o To the west: CP1K (plastic material complex).

11



Chapter 11 Presentation of the CP2k Petrochemical Complex

‘\j\‘,t}‘f

Figure II.: Satellite view of thIK indutil Zone.

11.3 Description of the factory
11.3.1 Division of the complex

The complex is composed of 4 important zones which are:
Zone off-site

» Utilities (boilers, nitrogen, and instrument air, desalinated water, fire water,

potable water, and natural gas treatment).
» Torch
» Isobutane and hexene storage tanks.
» Wastewater treatment plant.
» Catalyst activation unit.
Wet Zone:
» Treaters.
» Reactors.
» Compressors.
» Capacities.
Dry area:
» Extruder.
> Blowers.
» Finished product storage silos (powder and granules).
> Bagging.

12
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Building area:
» ADM and Finance block

> Canteen and locker rooms

» Security and infirmary block

» Spare parts store, workshops, and technical block

» High and low voltage substations

» Process control room and laboratory.

11.3.2 CP2k organization

A chart summarizing the organization of CP2K is presented below:

CP2K

Finance and Administration Directorate

Operational management

l

Department of Technical Maintenance Safety Purchasing
production department department department department
Methodology
B service
Study/Follow R Prevention
-up service service

.,| Laboratory

Inspection
service

Realization
e service

Mechanical
—») .
service
Electrical
> service

Intervention
— service

Instrumentation service
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The complex is made up of two departments:
v" Finance and Administration department
v’ Operations department, which is divided into 5 departments.

11.3.2.1 Department of Production

It includes the three areas of the complex mentioned above (off-site area, wet area,

and dry area), which are grouped into two types of facilities:
o Main installations of the factory:
» Raw material preparation and processing unit.

» Reactor where polymerization and obtaining of HDPE in powder form take

place.
» Extruder that transforms the powder into pellets.
» Intermediate storage (Capacity 3500 tones).
» Packaging unit.
o Auxiliary installations
» Steam, electricity, air production, etc.
» Effluent treatment.

» Storage of raw materials, utilities and additives (Water, Hydrogen, Hexene,

Isobutane).

» Storage warehouse for finished products with an area of 18,000 m?,

providing a capacity of 12,000 tons.

11.3.2.2 Technical Department

This is a very important department that works in parallel with other departments

and is composed of three services:

e Study/Follow-up Service: whose work is focused on studying problems that
may be encountered in different departments and making necessary
modifications. The study of new projects is also done at the level of this

service.

14
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e Inspection Service: whose role is to validate equipment and installations

through programmed systems.

e Laboratory Service: whose task is to continuously analyze raw materials,

catalysts, and finished products.
The different tests and analyses carried out in the laboratory are:
e Analysis of the purity of the raw material
e Catalyst activation at the laboratory scale

e Production of pellets and films using a blow extruder at the laboratory

scale, and plates using a press.

e Mechanical and physical tests such as stress cracking resistance, torsion
resistance, rupture resistance, tear resistance of films, opacity, softening
point, time required for degradation (service life), density, and melt flow
index (MFI) [3].

11.3.2.3 Maintenance Department

This department is responsible for the maintenance and upkeep of equipment and

is composed of five services:

e Methods Service: divided into two sections, the planning section and the

preparation section.
e Execution Service
e Mechanical Service
e FElectrical Service
e Instrumentation Service

The work of this department is divided into two parts: scheduled periodic work for
each equipment, and work carried out in response to requests from the production
department in the event of breakdowns. In this second case, the work is first planned,
then prepared, and finally sent to the relevant service, which always depends on the

maintenance department.
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11.3.2.4 Safety Department
The CP2K complex, like all factories, has an HSE (Health, Safety, and

Environment) department which, in turn, consists of two services:
e Prevention Service
e Intervention Service

I1.4 Operation of the PHILIPS process

The CP2K plant has two production processes in one facility:
> Phillips process.
» Ziegler method.

But since its first start, it only uses the Phillips process, because the catalyst used
in the Ziegler process is expensive compared to that used in the Phillips process.

The Phillips process, known as the "PF process” or particle process, which was
designed for the POLYMED plant, requires high purity of the raw material and only
tolerates minute quantities of poisons whose presence can prevent the proper
functioning of the reactor or alter the quality of the product obtained.

This process makes it possible to obtain polymers in a range of melt index from
0.10 to 36 and a density between 0.935 and 0.965.

11.4.1 The fillers used
» Ethylene: the main charge in the gas phase;
» Isobutane: the reaction medium in the liquid phase;
» Hexene: in the liquid phase;
» Hydrogen: in the gas phase with small quantities;
» The catalyst: Chromium trioxide (Cr203) on a silica support.
11.4.2 Operating conditions of the polymerization reaction
The two essential conditions in the reactor are:
— Temperature: from 93 to 110°C, depending on the grade to be produced.
— Pressure: from 42 to 44 bars, depending on the closing or opening of the
discharge valves.
11.4.3 Steps of the PF process

The "PF" particle process is divided into a series of steps or systems:
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Processing of raw materials ;

Activation and addition of the catalyst;
Polymerization in a reactor in the form of a loop;
Flash system and polymer drying;

Purification and recovery of recycled gas;

YV V V V V V

Finishing system ;

> Bagging.
11.4.3.1 Raw Material Processing

The raw material undergoes a series of treatments before being injected into the
reactor, which differs between ethylene and the other reagents; the latter has multiple
caterers each according to its role of elimination of a specific poison which is in the
following order: acetylene, oxygen, mono then carbon dioxide finally humidity; on
the other hand, the other reagents such as isobutane (fresh and recycled), hexene and
hydrogen have only one caterer for each.
1l.4.3.1.1 Ethylene
The raw material of the process is received at the Plant through piping from the
ethylene plant adjacent to it, at 16.9 kg/cm2g and at room temperature. For the
elimination of the impurities found in ethylene which result from its cracking or its

storage and transport, they go through the stages presented in the diagram below:

Figure 11.2
— Vers le Réacteur
410-101 350-102
Hydrogéne 950401 950-103 950104 950-106 950407
160-101 410403
950-105

Figure I1.2: Ethylene treatment
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o Elimination of acetylene
The hydrogen passes through the 350-133 filter, where the solid particles are
eliminated, then it mixes with the ethylene and they pass to the acetylene converter
950-101. It contains 2453 kg of BASF RO-20/13 catalyst, for the elimination of
acetylene by the addition of hydrogen and conversion to ethylene according to the

reaction.
CzH2+H2—)CzH4_ ....... (1)
o Oxygen elimination

The oxygen removal reactor contains 12350 kg of BASF R3-15 catalyst, as
shown in Figure 11.3.

sortie du compresseur
d'éthyléne

sphéres inertes DENSTONE
S57. de 6.4 mm et 3.2 mm

mm . ac 3 o
inoxydable - 1:_’/ A el e

Figure 11.3: O2 removal reactor

In normal operation, the flow of ethylene through the reactor is in a downward

direction. The reaction between O2 and the solid support is mentioned below:

10, + Cuy(O — 2 Cu (I)0 ....... )

Only one reactor will be in service, but the second will be in regeneration, which
takes place according to the following chemical reaction:

2Cu (IO + Hy — Cuy (1) O+ HLO ....... (3)
o Elimination of carbon monoxide (CO)
The ethylene stream continues its course passing through the carbon monoxide
removal reactors 950-104 A/B which contain 12350 kg of a BASF R3-15 catalyst

based on CuO as shown in Figure 11.4, the elimination takes place according to the

reaction:
CO +2 Cu ()0 — CO,+ Cu,()O....... 4)
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The catalyst used in this treatment undergoes saturation so it is necessary to

make regeneration according to this reaction:

Cuy(1)O +% 0,— 2Cu (I1)O......... (5)

sortie du réacteur d’élimination
de I’oxygéne

Catalyseur R3—-15:
tablettes de 5«3 mm

grille de

maille 6 x 6 sphéres inertes DENSTONE
mm, en acier 57. de 6.4 mm et 3.2 mm
inoxyvdable — — de diamétre

Figure 11.4: CO Removal Reactor

o Removal of carbon dioxide (CO3)

The carbon dioxide present in the ethylene stream must be removed, as it is a strong
poison for the XPF catalyst used in the polymerization reaction Figure 11.5. The 950-
106 A/B reactors contain 2 types of alumina Selexsorb CD and Selexsorb COS.

—

Catalvyseur
Selexsorb COS:billes

de 2,2 mm
grille de maille

6x & mm, en acier —
inoxydable
_— billes inertes DEHSTOHE,
de diamétre de 3.2 mm et
6,4 mm
sortie du réeacteur m— e \ - ]
wras . atalyseur
d*élimination de Selexsorb CD: billes
monoxyde de
- de 3.2 mm

carbone /
—

CW

Figure 11.5: CO, removal reactor
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The catalyst used in this operation is based on Al,0s, Na;Os from which
carbon dioxide forms a complex compound with sodium oxide inside the molecular
structure of alumina according to the following chemical reactions:

CO, + Na,0 — CO;Na,....... (6)

3C02 + A1203—> (C03)3Alz ....... (7)

The CO2 will be retained by the alumina until the hot regeneration gases break
the bonds and the carbon dioxide is driven out of the bed. As explained by the
following reaction:

CO3Nay+ N, (hot) > Na,0O +CO, + N, ....... (8)
(C03)3Al; + N, (hot) — Al,05 + CO,+ N,....... 9)
o H20 removal

The ethylene is dried in the 950-107 A/B dryers. The flow of ethylene through
the bed is in the upward direction. The water and methanol which are removed from
the ethylene stream are retained in a molecular sieve bed, ZEOCHEM 13X.

The dryer works according to a principle of physical adsorption which is a

fixation of H.O molecules on the adsorbent's porous surface until the latter's

>

Tamis moléculaires
ZEOCHEH 13 X_1003:
billes de diamé&tre
de Z2 mm et 3 mm

erille de N /./
maille 8 x &
mm. en acier \\\ . . - -
lable spheéres inertes DENSTONE
noxydable \ S7. de 6., 4 mm et 3.2 mm
de diametre

sortie du réacteur d’élimination
de du dicoxyde de carbone

saturation. Which will be regenerated every 14 days with a stream of hot nitrogen.
Figure 11.6: H.O Removal Reactor
11.4.3.1. 2 Hexene

Hexene is the compound added in small quantities to the reactor to produce
copolymers, it alters the molecular structure of the polymer and therefore changes the

physical properties of the latter. Figure 11.7

20



Chapter 11 Presentation of the CP2k Petrochemical Complex

Before it enters the reactor, it goes through treatment stages. It goes through
the degassing column 950-111 to eliminate the gas absorbed in the stream then it will

be dried in the water elimination treater 950- 114, which works by adsorption on a
molecular sieve ZEOCHEM 13X, type 1003.

Vers torche

L'eau froide ,-:
410-111
S ]
950-114
@ 950-111
Citerne d’ Hexéne 950-
( i ) 410-112
T —

950-461 ] I l

=
Q 410-113

670-463

670-111

Figure 11.7: Hexene processing

I1.4.3.1. 3 Isobutane

There are two types of isobutane: fresh isobutane and recycled isobutane

o Treatment of fresh isobutane

Fresh isobutane, before being incorporated into production, goes through
treatment stages. It passes through the 950-121 degassing column to eliminate the
gases absorbed in the stream and then it will be dried in the 950-124 A/B water
elimination treater, which works by adsorption on a ZEOCHEM molecular sieve.

13X, type 1003, these dryers require regeneration every 30 days. Figure 11.8

L'lsobutane frais traité
L'lsobutane frais

Eau froide

410121

950-462

350-121

950-124
950-121

410123

670-461 670-121

Figure 11.8: Representative Schematic of Isobutane Degassing System
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o Treatment of recycled isobutane
Is the bulk of the isobutane used in the unit because it is almost completely
recovered? It is pumped from storage tank 950-176 to recycle isobutane dryers 950-

125 A/B, these dryers require regeneration every 30 days. Figure 11.9

Isobutane recycle @ Vers Reacteur
40476 350422
X
050125
950176
N’

10417

670-172

Figure 11.9: Representative diagram of the recycled isobutane treatment system.

Il.4.3. 1.4 Hydrogen

Hydrogen is added to the reactor to control the melt index while modifying the
length of the polymer chain. Before being incorporated, it must be subjected to the
drying process in the 950-132 A/B dryers where the water present in the hydrogen

stream is retained on two superimposed beds of the ZEOCHEM 13X molecular sieve.

11.4.3.2 Activation and addition of the catalyst

Catalyst type PF (PHILLIPS) before being incorporated into the reactor the
polymerization must be activated; the objective of this activation is the change the
oxidation state of chromium from Cr+3 to Cr+6 according to reaction (1.10) to

eliminate water and volatiles by contact with dry and hot air in a fluidized bed.
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The catalyst is added to the reactor in the form of a fresh isobutane catalyst
solution (catalyst sludge). In the reactor in contact with ethylene, it changes valence
from Cr+6 to Cr+2. Figure 11.10

Figure 11.10: Catalyst activation step.

11.4.3.3 Polymerization of ethylene

The polymerization reaction takes place in the 950-155 reactor in the form of a
closed loop, which is a carbon steel pipe with an internal diameter of 560 mm, made
up of four vertical sections, joined by horizontal sections. These, 760 mm outside
diameter, have operating conditions for pressure and temperature of 42.2 kg/cmz2 and
85 to 110°C respectively.

The polymerization reaction is exothermic, at a rate of 800 kilocalories per
kilogram of polymer formed. This heat of reaction is eliminated by means of the
coolant which circulates in the jackets of the four vertical sections of the reactor. The
latter has six legs for decanting the solid polymer contained in the polyethylene-
isobutane mixture, then the product is unloaded and transferred to the flash chamber
950-161.
11.4.3.4 Flash system and polymer drying

The mixture discharged from the reactor via the "PTO" discharge valves with a
pressure of 42.2 kg/cm2g is transported by means of the flash lines from the reactor to
the flash chamber950-161where the normal operating pressure is 0.37 kg/cm2g. In
these, the mixture is heated by hot water which promotes the vaporization of
isobutane, ethylene, hexene and hexane. The latter in the form of vapors leave through

the head of the flash chamber and go to the purification system and recovery of the
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recycle gas and the traces that are present in the pores of the polymer, are separated
and eliminated in the presence of nitrogen. in the purge column.

The polymer is discharged by gravity from the bottom of the flash chamber to the
purge column or it will be dried and discharged from the bottom of the latter to the
powder silos by means of pneumatic transport.

In the event of a fire, reactor pump failure, or obstructions in the lines between
the reactor settling legs and the flash chamber, the contents of the reactor are sent to
the alternate flash chamber950-164which is an emergency device for the reactor.

11.4.3.5 Purification and recovery of recycled gas

The flash gas from the flash chamber head or alternate flash chamber will be
subjected to a system for solids removal and solvent purification and recovery. For
this, the flash gas, after passing through the cyclone, is sent to the bag filter and then
to the Guard filter, once the solids have been recovered, the gas is sent to a gas
purification system through the gas compressor of recycling.

After compression, the stream enters the recycling isobutane column to separate
the isobutane from the components such as ethylene, hexene, hexane, and other heavy
materials that it contains.

The side stripper from the purification column is recovered recycled isobutane is
sent to storage. The current from the bottom of the recycling isobutane column is sent
to the dehexanizer column from where the hexene/hexane recovered from the bottom
of the latter is sent to the torch.
11.4.3.6 Finishing System

The produced polyethylene is transported in powder form from the purge column
discharge to the storage silos or the extruder feed tank. This is done by means of a
closed-circuit pneumatic nitrogen transport system. Polyethylene in powder form,
after the addition of specific additives for each grade, is subjected in the extruder to a
finishing process which essentially consists of giving it the final shape for the sale of
the product. In this extrusion installation, polymer melting and granulation take place.
The melting temperature of the product is around 250-275°C.

The granulation is carried out in a closed circuit of pressurized water. The
polyethylene produced is pneumatically transported to the mixing silos for
homogenization. From there it can be transferred to the loading silos by bulk trucks or

to storage silos or to feed silos to bagging and palletizing lines.
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11.4.3.7 Bagging

Is a complete line of automatic HDPE granule packing systems. This line is
equipped with equipped bagger net weight mass feeder and a bag sealer, a conveyor
with a printer and a metal detector, a palletizer with a speed controller, and a
packaging machine with a holder and an oven, in order to obtain a pallet with 11

layers, each one contains 5 bags of 25 kg. Figure 11.11

R

»

L |
@G

ETHYLENE
TO CP1K

POWDER I

( STOCKAGE

( STOCKAGE

A

STORAGE AND CONDITIONING
SHIPMENT

Figure 11.11: Schematic diagram of the process

11.5. High-Density Polyethylene (HDPE)
High-density polyethylene, often abbreviated to HDPE, is a polymer whose

monomer is ethylene. It is a thermoplastic with a very high strength-to-density ratio.
HDPE is a very versatile plastic that has a wide range of applications — from pipes to
storage bottles. When compared to other plastics, the melting point of high-density
polyethylene is relatively high. (BYJU'S, s.d.)
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11.5.1 Use of HDPE

HDPE is a highly versatile polymer that offers numerous advantages, making it an
ideal choice for the production of various materials. Below are some of the uses of

HDPE:
e Bottle caps and bottles are commonly made of this polymer.
e HDPE is used in 3D printing filaments.
e Itis widely used in the fuel tanks of different types of automobiles.

e The piping system responsible for the distribution of natural gas is typically

made of HDPE due to its corrosion resistance and other beneficial attributes.

e HDPE is used in the production of plastic lumber and wood plastic

composites.

e HDPE is also used in skeletal and facial reconstruction surgeries, which are

part of plastic surgery. (BYJU'S, s.d.)

11.5.2 Grades of HDPE produced at CP2K

Given that HDPE has a wide range of applications, such as the production of pipes,
plastic films for various uses, bottles, etc., different grades must be produced.
Therefore, the CP2K complex offers a whole range of HDPE, comprising eleven

different grades. These grades are characterized by their melt flow index and density.

HDPE GRADE : 5502
Special characteristics

v" Exceptional resistance to cracking (ESCR)
v Excellent rigidity and impact resistance

v" Good machinability
Table II.1 : Characteristics of HDPE grade 5502.

»  Melt flow index (2.16 g/190°C) ASTM D1238  Gr/10min 0,35
» Density (23°C) ASTM D1505 Gr/cm3 0,955
» Hardness, Shore D ASTM D2240 67
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» Tensile strength at break (50mm/min) ASTM D638 MPa 28

» Elongation at break (50mm/min) ASTM D638 % » 600

»  Flexural modulus ASTM D790 MPa 1200

»  Stress crack resistance (ESCR), F50 ASTM D1693 H 20

» Brittleness temperature ASTMD 746 °C » =16
Applications

Polyethylene 5502 is used for the production of small and medium capacity bottles

for: Mineral water, Cosmetics, Pharmaceuticals, Bleach, etc.

Figure I1.12: Different uses of Polyethylene grade 5502.

HDPE GRADE: 6006-L

Special Characteristics

v" Excellent implementation,

v Excellent mechanical properties

Table I1.2: Characteristics of HDPE grade 6006-L

» Melt index (2,16 Kg/ 190 °C) ASTM D1238 Gr/10min 0,5-0.7
» Density (23°C) ASTM D1505 Gr/icm3 0.955-0.958
> Hardness, Shore D ASTM D2240 68
» Tensile strength at break (50 mm/min) ASTM D638 MPa 30
» Elongation at break (50mm/min) ASTM D638 % » 600
» Flexural modulus ASTM D790 MPa 1350
> Stress Crack Resistance (ESCR), F50  ASTM D1693 H 15
»  British temperature ASTM D746 °C <76
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Applications
Polyethylene 6006 L is used for the production of small bottles for:
v' Sterilized milk
v" Fruit juice and soft drinks

v" Mild solvents such as distilled water, alcohol, acetone

Figure 11.13: Small bottles made from Polyethylene grade 6006 L
HDPE GRADE: 4903
Special characteristics
v' Excellent resistance to stress cracking

v Excellent surface appearance

v Easy implementation

Table 11.3 : Characteristics of HDPE grade 4903.

PROPERTIES METHODS UNITY VALUE
»  Melt flow index (2.16 g/190°C) ASTM D1238 Gr/10min 0,18-0.4
» Density (23 °C) ASTM D1505 Gr/cm3 0,947-0,95
» Bulk density ASTM D1895 Gr/cm3 0,5-0,6
» Number of grains per gram MA-55-3011 Nbr/g 30-40
» Average particle size MA-55-3011 % 25.0
Applications

Polyethylene 4903 is used for the production of:

v' Large and medium-sized bottles
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v" Industrial containers
v' Tanks

v' Automotive accessories

HDPE GRADE : TR-140

Special characteristics:
v Exceptional implementation and Good resistance to impact and tearing,
v’ Excellent solderability and printing

Table I1.4 : Characteristics of HDPE grade TR-140.

PROPERTIES METHODS UNITY VALUE

» Melt flow index (2.16 g/190°C) ASTM D1238 Gr/10min 0.3
> Density (23 °C) ASTM D1505 Gr/cm3 0.947
» Hardness ASTM D2240 ShoreD 64
»  Flexural modulus D790 MPa 1100
» Dart drop, 26" (66 cm) D1709 g 100
» Elongation : MD D882 % 500

TD 600
> Tensile strength at break: D882 Mpa

MD 45

TD 30
» Elmendorf tear: D1922 G

MD 30

TD 300

Applications

Polyethylene TR 140 is used for the production of: Agricultural film and bags

Figure 11.14: Agricultural film and bags made from polyethylene grade TR140
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HDPE GRADE: TR-144
Special characteristics:

v' Good implementation, impact and tear resistance
v’ Excellent solderability and printing

Table I1.5: Characteristics of HDPE grade TR-144.

PROPERTIES METHODS UNITY VALUE
» Melt flow index (2.16 g/190°C) ASTM D1238 Gr/10min 0,16-0,22
» Density (23°C) ASTM D1505 Gr/cm3 0,943-0,947
» Hardness ASTM D2240 ShoreD 64
» Flexural modulus D790 MPa 1100
» Dart drop, 26" (66 cm) D1709 g 120
» Elongation:MD D882 % 500
TD 600
» Tensile strength at break: D882 Mpa
MD 45
TD G 30
» Elmendorf tear: D1922
MD 25
TD 300
Applications

Polyethylene TR 144 is used for the production of: Film for bags, Garbage bags, General-

purpose sachets.

Figure 11.15: Different uses of Polyethylene grade TR-144
HDPE GRADE: TR-402
Special Characteristics
v Excellent tensile strength

v" Good processability
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v" Good impact and crack resistance
v Excellent weldability and printability
v Excellent resistance to ESCR (Environmental Stress Crack Resistance)

Table I1.6 : Characteristics of HDPE grade TR-402.

» Indice de fluidité (2,16 g/190°C)  ASTM D1238 Gr/10min 0,08-0,14

» Densité (23 °C) ASTM D1505 Gr/cm3 0,941-0,946

» Dureté ASTM D2240 Shore D 65

» Résistance a la traction D638 Mpa 23

» Résistance a I’allongement a la D638 % »600

rupture

» Module de flexion D790 Mpa 800

» Impact [ZOD (23°C) D256 J/m NB

» OIT (Indice Temps d’Oxydation) D3895 Mn »20

» ESCR (condition B F50) D1693 h »2000
Applications

Polyethylene TR 402 is used for the production of pipes for networks of drinking water
distribution, combustible gases, irrigation, and industrial and non-potable water

applications.

Figure 11.16: Different uses of Polyethylene grade TR-402
HDPE GRADE: TR- 418

Special characteristics

v Good resistance to impact and cracking
v’ Excellent tensile strength

v" Good implementation
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v Excellent resistance to ESCR
v’ Excellent solderability and printing
Applications

Polyethylene TR 418 is used for the production of pipes for networks of drinking water

distribution, combustible gases, irrigation, and industrial and non-potable water
applications.

Figure 11.17: Different uses of Polyethylene grade TR-418.
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Chapter 111 Experimental Procedures, Results and Discussion

I11.1. Introduction

The aim of the Philips process (PF) is to produce a desired HDPE with a certain melt
index, density, and minimum ash content value. These desired characteristics are obtained
through the manipulation of other variables. Many of these variables in the PF process are
interdependent. A thorough understanding of these variables and their relationships is
required for precise reactor control and ultimately for uniform product quality and trouble-

free operation.
I11.2. Certificate of Analysis

The CP2K plant is designed for the production of several grades of HDPE. Each grade
corresponds to a technical data sheet that is either given to the customer or requested by them.
This sheet includes all information regarding the product. Each batch produced is subjected to
a series of analyses, the results of which are reported on a certificate of analysis including the
grade, batch number, analysis date, and certification date. This certificate is signed by the
responsible analyst and given to production, which can then proceed with lot packaging. The
most determining analyses are melt index, density, and ash content (which are basic
properties); the batch is within standards if these three parameters fall within the defined
intervals for each grade. Other properties such as bulk density, number of grains/g,
contamination on pellets, etc., are also documented on the certificate but do not affect the lot

classification.
111.3. Influence of operating parameters on HDPE properties

Density and Melt Flow Index control are experimentally carried out on various grades of
HDPE (in this study, all analyses were performed on grade 5502) using measurement methods

that will be presented along with their results in the following sections.
111.3.1. Melt Flow Index

The Melt Index is the amount of polymer extruded in 10 minutes through a 2.09 mm
diameter orifice at a fixed temperature of 190°C, under a weight of 2.16 kg. It is an important
indication of the polymer's molecular weight, with a high melt index corresponding to good

processability, while a low melt index indicates polymers with high mechanical strength.
111.3.1.1. Apparatus

To carry out this test, we need plaster, and the following parts make up the apparatus.
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-Steel cylinder

-Steel piston

-Heating and temperature control elements
-Thermometer

-Tempered steel die

-Removable load

-Tools for cleaning and measurement.

Figure 111.1: The Flow Melt Indexer analysis.
111.3.1.2. Procedure

-Heat the elastomer apparatus to a temperature of 190°C + 2C° for at least 15 minutes, then
clean the cylinder with cotton and install the die.

-Pour 4g of the pre-treated powder with the antioxidant into the cylinder and introduce the
piston with a slight pressure (either 30g of powder for 0.06g of antioxidant).

-Preheat the product to be analyzed without weight for 3 minutes, then with weight for 3
minutes, and then cut the extruded part that contains air bubbles.

-Let the product flow for 10 minutes, and cut the extruded part in one go.

-Finally, weigh this mass which corresponds to the MFI of this product in g/10 min.
111.3.1.3. Parameters influencing the Melt Flow Index are

-Ethylene concentration

-Reactor temperature

-Catalyst productivity

-Hydrogen concentration.
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111.3.1.3.1. Ethylene concentration

To study the influence of Ethylene Concentration on the Melt Flow Index, we analyzed

several samples of HDPE taken from different ethylene contents. The results are presented in

the following Table and Figure, respectively (Table I111.1, Figure I11.)

Table I11.1: Variation of MFI as a function of Ethylene Concentration.

Ethylene 2631291330 |364|392|431|475|5.15|555|6.15|6.70|7.00
(%)
MFI 0.78 1 0.76 | 0.72 | 0.69 | 0.67 | 0.65 | 0.63 | 0.61 | 0.60 | 0.57 | 0.52 | 0.50
(9/10min)
0,80 -
-\.
0,75 - \
=070 1 \_
£ N
390,65— \I\.
- .
= 0,60 o
\.
0,55 - \
0,50 - ™

Figure 111.2: Variation of MFI as a function of Ethylene Concentration.

Unreacted Ethylene (%0)

Figure 111.2 Shows the variation of the Melt Flow Index as a function of Ethylene

Concentration. It can be clearly seen that the Ethylene Concentration affects much in MFI, in

other words, when ethylene content increased in the reactor, the melt flow index decreased

significantly. This could be attributed to the increase in the molecular weight of

macromolecular chains, which leads to an increase in viscosity.

By the way, it can be noted that the Ethylene concentration is the most parameter and the

important variable that provides the quickest response to changes in the physical parameters.
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To obtain an HDPE within the standard value, with an MFI between *0.55-0.70", it is
necessary to work with Ethylene Concentrations between **3.64 mol percent (%) - 6.15 mol

%"".
111.3.1.3.2. Reactor Temperature

To study the influence of reactor temperature on the Melt Flow Index, we analyzed several

samples taken at different temperatures.
The results obtained are shown in the following Table (Table 111.2):

Table 111.2: Variation of MFI as a function of Reactor Temperature

T (°C) 101.90 | 102.31 | 102.90 | 103.07 | 103.30 | 103.60 | 103.77 | 103.89 | 104.06 | 104.39

MI(g/10min) | 0.55 0.57 0.59 0.62 0.65 0.68 0.69 0.75 0.82 0.84

0,85

o o e e

o)) ~ ~ [y
a1 o gl S
| | | |

MI (g/10min)

0,60 /

0,55 + [

101,5 102,0 102,5 1030 1035 1040 1045
Temperature (°C)

Figure 111.3: Variation of MFI as a function of Reactor Temperature.

Figure 111.3 shows the variation of the Melt Flow Index as a function of Reactor
Temperature. It can be clearly seen that the Melt Flow Index increases as the reactor
temperature increased. This effect could be attributed to the destruction of the

macromolecular chains of polyethylene molecules (Physical interaction between PE chains)
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which leads to a decrease in the molecular weight and the viscosity system. It concluded that

this parameter affects much on the Melt Flow Index.

The obtained product is within standards, meaning its Melt Flow Index is in the range of

""0.55-0.70"" when reactor temperatures operated between *101.9°C-103.77°C"".
111.3.1.3.3. Catalyst productivity

Catalyst productivity is defined as the ratio of production flow rate/catalyst flow rate. The
Melt Flow Index of the powder is greatly influenced by the Catalyst Productivity as shown in
the following Table (Table I111.3).

Table 111.3: Variation of MFI as a function of Catalyst Productivity.

Productivity | 2 21 | 23 | 24 | 25 | 27 | 29 | 30 | 31 | 3.2 | 33

MFI 0.75 [0.72 | 0.71 | 0.69 | 0.67 |0.65 |0.63 | 0.61 |0.59 |0.57 |0.55
(9/10min)

0,75

0,70

0,65

0,60 H

Melt Flow Index MFI (g/10min)

0,55

1,8 2,0 2,2 2,4 2,6 2,8 3,0 3,2 3,4
Productivity

Figure 111.4: Variation of MFI as a function of Catalyst Productivity.

Figure 111.4 represents the variation of the Melt Flow Index as a function of Catalyst
Productivity. It can be clearly seen that the Melt Flow Index decreases as the Catalyst
Productivity increases. As we know, in the case of Polymerization process; the Catalyst
Productivity depends on: The residence time in the reactor; The Concentration of Ethylene in

the reactor; The concentration of solids in the reactor; The concentration of poisons in the
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various feeds; The type of catalyst; The activation temperature of the catalyst; The
temperature in the reactor; The type of polymer to be produced. This effect can be attributed
to the increase of molecular weight of macromolecular chains which leads to the increase of
the viscosity system in the reactor, and consequently, decreased the Melt Flow index (i.e:
There is an inversely proportional relationship between the productivity of catalyst, and Melt

flow: When the productivity increased, Melt Flow system decreased).
111.3.1.3.4. Hydrogen concentration

To study the variation of the Melt Flow Index as a function of Hydrogen Concentration, we
analyzed several samples taken at different hydrogen concentrations under stable operating

conditions. The results are illustrates in the following table (Table 111.4):

Table 111.4: Variation of MFI as a function of Hydrogen Concentration.

Hydrogen 0.05 0.075 0.088 0.096 0.12 0.15
Concentration
(mol %)
MFI 0.55 0.60 0.63 0.65 0.68 0.71
(9/10min)

0,72
— 4 R 4
= 0,70 1
= 1 -
S 0,68 K
? 0.66
LL g *”
= 0,64 -
% ] *
-g 0,62—.
= 060 o~
E 0,58 -
g 0,56 - )

1 *
0,54
0,04 O,I06 0,I08 O,I:LO O,Il2 O,Il4 0,16

Hydrogen Mol %6

Figure 111.5: Variation of MFI as a function of Hydrogen flow rate.

From Figure 111.5, it can be observed and noted that as the Hydrogen Contents increases
in the reactor system, the Melt Flow Index increased. This effect could be attributed to the
decrease of molecular weight of the macromolecular chains, which leads to the decreased of

the viscosity system and increased the flow rate. Hydrogen concentration is a variable that
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has a slow response to changes in Melt Flow Index. It is used as a last resort to increase the
Melt Flow Index, because it generates too many fines and reduces the efficiency of settling

legs.

In our case, and to obtain polyethylene within the standard range, it is recommended to
work with hydrogen concentrations between **0.05 mol% - 0.15 mol%". The addition of
hydrogen to the reactor terminates the molecular chain of polyethylene. A short chain has a

high melt index, so hydrogen is a reliable parameter for controlling the melt index.
111.3.2. Density of PEHD

Density is determined by locating and comparing the level of the stabilized sample to the
levels of standards with known density, which are constantly present in the density gradient

column.

111.3.2.1.Procedure
A small sample is immersed in the density gradient column, and after equilibrium is reached
(= 15 min), the heights of the specimen and the beads above and below it are recorded. The

calculation of the density is done using the equation:

Density (g/cm?®) = (y/z) x (b-a) + a
Where:
y = Distance between the specimen and the low-density standard.
z = Distance between the two standard beads
a = Density of the bead below the specimen (high density)
b = Density of the bead above the specimen (low density)

The sample preparation is done in a hydraulic press, by melting and compressing the powder
at 177°C and 100 bars.

The liquid forming the density gradient column is obtained through a procedure of mixing

water and isopropanol in a glass column to form a density gradient.
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Sample
preparation

Height

gnt Density
determination

determination

Figure 111.6: Series of photos of the device used in density analysis.
111.3.2.2. Parameters influencing the density of HDPE

The density of the polymer is controlled by adjusting the concentration of hexene in the
reactor. The hexene/ethylene ratio in the reactor feed has an influence on the amount of
hexene that is incorporated into the polymer. Generally, the incorporation of hexene into the

polymer is proportional to the hexene/ethylene ratio in the reactor feed.

In order to study how the Hexene/Ethylene ratio affects the Density of HDPE, we analyzed
powder samples taken at different Hexene/Ethylene ratios in the reactor while keeping the

other parameters within operating limits.
The results are shown in the following table (Table 111.5)

Table I11.5: Variation of Density as a function of Hexene/Ethylene ratio.

Hexene/Ethylene

2.7

2.8

2.9

3.0

3.1

3.2

3.3

3.4

Density

0,9590

0,9583

0,9579

0,9776

0,9570

0,9565

0,9563

0,9559
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Hexene/ethylene 3.6 3.7 3.8 3.9 4.0

Density 0.9551 0.9548 0.9547 0.9538 0.9525

0,960

0,959
0,958
0,957

0,956

Density

0,955
0,954
0,953

0,952

— .
2,6 2,8 3,0 3,2 3,4 3,6 3.8 4,0 4,2
Hexene/ethylene

Figure 111.7: Variation of Density as a function of Hexene/Ethylene ratio.

From Figure 111.7, it can be observed that as the hexene/ethylene ratio increases, the density
of the polymer decreases and vice versa, (since hexene reduces the branching in the polymer's

molecular chain).

To obtain a polymer within the standards whose Density is between (0.9530-0.9580), we
need to work with a Hexene/Ethylene ratio between "2.9-3.9"" Kg of Hexene/ 1T of Ethylene.

The weight ratio of Hexene/Ethylene in the reactor must remain constant to maintain a

uniform density in the polymer.
111.4 Conclusion

Despite the emergence of the production of new plastic materials, HDPE occupies a
significant share of global polymer production, as it is a basic material for the polymer and
plastic processing industry. It has been able to replace a large number of materials for various
uses during the past century and continues to do so today.

The demand for polyethylene is only growing worldwide and Algeria is no exception to
this trend, which is why it has acquired the "POLYMED" unit located in the CP2K complex,

which aims to produce various grades of high-density polyethylene. Some grades of HDPE
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are produced more than others, and this is because CP2K is required to follow the market
trend by trying to meet the demand expressed by its customers. All of CP2K's production is
subject to compliance testing that guarantees good quality necessary for the manufacture of

finished products.

The process used by CP2K is the particle process. It is divided into a series of steps, which
are the treatment of raw materials, the activation and addition of the catalyst, the
polymerization in a loop reactor, and the recovery and purification of the solvent. The process

ends with the polymer finishing and bagging system.

All of CP2K's production is subject to compliance testing that guarantees good quality
necessary for the manufacture of finished products. The main parameters that need to be
controlled in product quality are density; melt index (MI), and ash content. The product is
considered acceptable when the values of these parameters are within the intervals defined on

the "manufacturing control sheets (MCS)" for each grade.

The desired parameters of HDPE are obtained by manipulating other variables such as
ethylene concentration, reactor temperature, catalyst productivity, hydrogen concentration,
and hexene concentration. By effectively controlling these variables, not only do we obtain

high-quality HDPE, but we also avoid problems of reactor clogging and fouling.

Although the internship period was not sufficient, it allowed us to notice two things: the
importance of the theoretical part, in which we must understand the scientific explanation of
the problem, and the importance of the practical part, in which we must manage the problems

from their experimental side.
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Conclusion

In conclusion, it is clear that various factors, such as monomer concentration, reactor
temperature, and catalyst productivity, have an effect on the physical properties of

polyethylene during the polymerization process.

Firstly, monomer concentration plays a crucial role in polyethylene polymerization. Higher
concentration can lead to increased polymer density as it promotes the formation of tighter

intermolecular bonds. Conversely, lower concentration can result in reduced density.

Therefore, careful control of the monomer concentration is necessary to achieve the desired

physical properties.

Secondly, reactor temperature is another essential factor. Increasing the temperature can
accelerate the polymerization reaction, which may lead to increased polymer fluidity, as
measured by the melt flow index. However, excessively high temperature can also cause
polymer degradation. Hence, a balance must be struck to maintain optimal physical

properties.
Finally, catalyst productivity significantly impacts the physical properties of polyethylene.

Higher productivity can result in increased molecular weight, leading to greater density and
higher viscosity. Lower productivity can yield a polymer with lower molecular weight,
resulting in reduced density and viscosity. Therefore, careful selection and optimization of the

catalyst are crucial to achieving the desired physical characteristics.

In conclusion, factors such as monomer concentration, reactor temperature, and catalyst
productivity all play critical roles in determining the physical properties of polyethylene
during the polymerization process. A comprehensive understanding of these factors is
necessary to control and adjust the characteristics of the polymer material to meet specific

end-application requirements.
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Abstract
In this Master-Thesis, we have studied the influence of the operating parameters on the
physical properties of the Polyethylene produced in the complex CP2K, SKIKDA,
ALGERIA, using PHILIPS process, which contains many sections: Raw materials treatment
section, Catalyst activation, injection section, and Reactor section.
The PE is considered as a specific raw material if it has a certain melt flow index, and density.
The control of these properties is done experimentally on the various grades of PE by methods
of measurements.
These characteristics are obtained by the manipulation interdependent variables such as
ethylene concentration, temperature of the reactor, the productivity of catalyst, hydrogen and
hexene/ethylene ratio.
Keywords
Ethylene, Polymerization Process, Polyethylene, Temperature of the reactor, Productivity of
catalyst, Hydrogen and hexene/ethylene ratio.
Résumé
Dans cette Mémoire de Master, nous avons étudié l'influence des paramétres de
fonctionnement sur les propriétés physiques du polyéthyléne produit dans le complexe CP2K,
SKIKDA, ALGERIE, en utilisant le procédé PHILIPS, qui comprend plusieurs sections :
section de traitement des matieres premieres, activation du catalyseur, section d'injection et
section de réacteur.
Le PE est considéré comme une matiere premiere spécifique s'il possede un indice de fluidité
a I'état fondu et une densité particuliere. Le contrble de ces propriétés est réalisé
expérimentalement sur les différentes qualités de PE grace a des méthodes de mesure.
Ces caracteéristiques sont obtenues par la manipulation de variables interdépendantes telles
que la concentration d'éthylene, la température du réacteur, la productivité du catalyseur et le
rapport hydrogéne/hexene-éthylene.
Mots clés:
Ethyléne, Processus de polymérisation, Polyéthyléne, Température du réacteur, Productivité
du catalyseur, Rapport hydrogene/hexéne-éthyléne.
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