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Investigation of Mechanical Properties of Recycled Polypropylene

Lutfi Furji Elgammudi, B.Sc., M.Sc.

ABSTRACT

Every year there is an increase in the amount of plastics formed by all types of 
processes, such as extrusion, blow moulding, injection moulding, etc. The 
recycling of waste plastic materials is developing at a manufacturing process 
scale, and its aim is to increase further the sales of plastic products by reducing 
raw material costs. However this economic argument is only one of the reasons 
why it is important to recycle these materials. The other is environmental.

Each time an item of plastic material passes through the manufacturing process, 
its quality is reduced. Some plastic material can be recycled over and over again. 
This research concerns the number of times polypropylene (PP) formed by the 
injection moulding process can be recycled. The work focuses on the quality of 
the material after each recycling operation. Material was passed through the 
forming process up to three times. Also, since it is possible to improve the quality 
and reliability of the polypropylene, by adding a percentage of fresh “raw” 
material, the study included an investigation to optimise the mechanical properties 
using this approach.

The moulding process was used to produce products whose mechanical properties 
could be measured to provide an indication of the quality of the material at that 
stage. The relationship between the moulding process parameters and the quality 
of the subsequent products was analysed, and this was extended for cases where 
the material was recycled twice or three times through the equipment. The 
powders produced in these trials were then mixed with different percentages of 
raw material, and passed through the equipment again to produce products whose 
mechanical properties could be measured.

To reduce the number of permutations a Design of Experiments (DoE) method 
was implemented to define the moulding process conditions which resulted in the 
optimum product quality for material being recycled once, twice or three times. A
2 Factorial Design (FD) technique was also used. Different mathematical models 
were obtained to show the relationship between the process parameters, the 
number of times the material was recycled, and the product quality. This was 
extended to show the effect of adding a percentage of raw material to the powder 
mix.

All the mathematical models were verified by further experimentation. The results 
show that these models can predict the mechanical properties of the products 
adequately, once the processing parameters have been defined.
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Chapter 1: Introduction

1. Introduction

The main objective of this chapter is to introduce the research topic and explain the 

aims of the work. A general introduction to the themes addressed in the study is 

followed by an explanation of the research objectives. A review of what constitutes 

research is also undertaken, and the link between survey method and experimental 

work for the effect of the recycling process on the quality products at each stage is 

considered. An outline methodology of the main stages in the research process for 

this thesis is then provided. An examination of the theoretical foundation that 

underpins the study follows, and this discussed in relation to the methodological 

literature. To this end, this chapter describes the research approach used in this study 

and the link between theory and practice. An outline of the significance and 

contribution of this study is then provided, followed by the outline structure of the 

thesis.

1.1. Background to the Research

The plastics industry is one of the fastest growing major industries in the world. 

Every year in thermoplastic materials, there is an increased level in the amount of 

plastics used in all types of products. Over the past 20 years, recycling of plastics 

materials, (RPM), has grown and increased dramatically. This is important not only 

from the point of view of recycling rejects but also from the economic perspective 

and marketing of the plastics industry since recycling allows energy and materials to 

be reused and creates development [1]. Income recycling rates are currently rising 

fast [2], Also, recycling of plastic reject would reduce the cost of operation 

processing [3]. The recycling of plastic industrial reject materials has been taking 

place for decades in the United States. While there is no documented evidence as to 

when the recycling of plastics first came about, a form of such was always utilised by 

the plastic industry [4]. Plastic recycling has become an established national industry 

[5], Plastic industry in the United States is now in its second century, the most 

important developments having occurred since 1910 [6]. The number of plastics 

recycling businesses has trebled since the 1990s, with more than 1,700 businesses, 

which are handling and reclaiming plastic providing support both economical and

1



Chapter 1: Introduction

environmental and are responsible for sustaining plastics industry and related 

organisations. The plastics industry invested more than $1 billion to support 

increased recycling within the United Sates in that period between 1990 and 1998 

[7]. More than 1,000 quality products made with packaging from recycled plastic are 

now commercially available [8]. Currently most plastic recycling in the UK entails 

processing of reject material from industry and municipal sold west, i.e. polymers 

left over from the production of plastics. This is a relatively simple and economical 

approach to recycling, as there is a regular and reliable source and the material is 

relatively uncontaminated. Process scrap represents some 250,000 tonnes of plastic 

waste extracts in the UK and approximately 95% of this is recycled. This process is 

usually described as reprocessing rather than recycling [9]. Since the 1950s, plastics 

have grown into a major industry, which impacts our lives in providing improved 

packaging to giving us new textiles and to permitting the production of useful new 

products.

In fact, since 1976, plastic has been the most used material in the world and was 

recently voted one of the top materials [10]. The plastic process industry has been 

modified and developed in numerous ways, and now there are different types of 

mould equipments used in manufacturing plastic products [11]. That market 

orientation is an important determinant of business performance as there is a positive 

relationship between market orientation and sales growth [12]. A modern system for 

the development and manufacturing of new products are strongly connected to 

market demand [13]. In this investigation a comprehensive study on the state -of- the 

recycling plastic materials and a focus on the quality of recycling products were 

carried out. This issue can be translated into a generic question: How to develop a 

quality product of the recycling process so that they are able to perform their quality 

tasks involving several recycling stages, in the manufacturing plastic industries. This 

anomaly sets the scene for the research presented in the thesis. The research 

presented in this thesis is based on a study, which investigates the effects of the 

recycling process of plastic materials on the quality of the resulting recycled products 

finished at several recycling stages. The survey study combines topics discussing the 

state of recycling and analysis of processes successfully implemented in Industrial
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practice in the recycling of plastic materials to improve the products quality and return 

to the market [14]. Fig. 1.1 shows the recycling steps of the plastic process.

Rejects

R ejec ts

Sprites Runners

AS Reprocrtfing

Grained

R ecycling

Yw

Rejects
« L - S -

Al Srart Process

Raw Plastic 
Materials

Mould
Processing

Scrap

31 Sell

Products

S a le

A 4 R ecycling

S tage 1

S tage 2

S tage 3

— ---------- X
B2 Sell

Products

Sale

Fig. 1.1: Recycle steps of plastic process.
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This study concerns the determination of the most effective process at each stage of 

the recycle process. Although recycled plastic would assume a greater share of the 

markets, the primary question is aimed at identifying which of the parameters reduce 

the quality of recycled products in the plastic industry.

This data has been plotted to show the best recycling materials, thereby greatly 

enhancing the overall impact and providing a much more intuitive link between the 

moulding machine parameters and the products quality at each recycling stage. In 

this study, statistical analysis was carried out to assess which input parameters reduce 

quality in moulding production of thermoplastics. The proposed concept involves 

quality sensitivity analyses by considering the process parameters as variables to 

define the relationship between process parameter variation and final product quality. 

Recycling is likely to reduce environmental burden since it reduces virgin material 

production in general [15-16]. Recycling is the recovery of the economic value and 

energy of reject materials. It can also be of industrial reject and any numerous other 

types of reject [17-18]. The plastics industry as a whole will have to encompass a 

viable secondary or tertiary recycling capability. The environmental setting for the 

plastic industry is such that the existing plastics recycling industry has undergone 

substantial expansion and development since 1980. This opinion is partially 

supported by the prediction of a recent survey on the future of the plastics industry 

[19].

The main objective of this chapter is to introduce the research topic and explain the 

aims of the work. A general introduction to the themes addressed in the study is 

followed by an explanation of the research objectives. A review of what constitutes 

research is also undertaken, and the link between survey method and experimental 

work for the effect of the recycling process on the final quality products at each 

recycling stage. An outline methodology of the main stages in the research process 

for this thesis is then provided. An examination of the theoretical foundation that 

underpins the study follows is also discussed in relation to the methodological 

literature.
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1. 2. Materials Study and Description of Method

In this work, survey research methods are implemented to collect data from the 

manufacturing organisation. To improve and solve problems subsequently, it has 

been used in the current research, to develop a method and explanation for some of 

the findings on a more comprehensive basis. Adams and Schvaneveldt [20]. 

Generated new information or knowledge using this approach which, in turn, can be 

applied to solve problems, improve the quality and provide abetter understanding of 

conditions in a given area.

The three sections in the questionnaire were developed in order to address the overall 

objectives and are presented at the end of this chapter. An examination of the study’s 

contribution from the survey method and experimental work is then discussed in 

order to highlight the need for the work.

In this research, a questionnaire survey was submitted to industry in the Republic of 

Ireland and United Kingdom. The data was analysed using statistical package for the 

social sciences (SPSS) software to analyses the results and also to determine the 

relationship between the recycling process and final quality of the product to 

determine which input parameters reduce the quality at the various recycling stages.

The survey questions have used different parameters (such as, screw rotation, barrel 

temperature and nozzle temperature) of the plastic mould machine. The results were 

analysed to obtain feedback within this parameters which were evaluated to 

determine their response of increasing / decreasing product quality through each 

stage of the recycling process. SPSS techniques were used to evaluate responses and 

identify the optimal process inputs parameters. The materials studied for the 

questionnaire, include the most common types of traditional thermoplastics material 
used in the manufacturing plastic industry, and in durable products such as those 

described in Table 1.
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The second aim to this to study was to examine the effects of injection mould 

parameters on the product quality at each recycling stage. Tensile testing was carried 

out on numerous samples o f polypropylene (PP) material. The results were analysed 

to obtain feedback on which parameters had a significant effect on product quality. 

Design o f Experiments (DoE) has also been applied, to study the effects of process 

parameters using the injection-moulding machine, HM7.

The experimental plan was based on 2K Factorial Design (FD). Linear and quadratic 

polynomial equations were developed to predict the yield strength (Y) and ultimate 

tensile strength (UTS) for the different recycling stages. Set of mathematical and 

statistical methods were used to predict and optimise a dependent response, which 

was affected by several independent parameters Chapter six will cover in detail this 

topic.

The research reveals good information from the two research methodologies, such as, 

the questionnaire and experimental work, which can be applied to solve problems 

within the process and improve the quality o f the final recycled products.
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Table 1.1: Various thermoplastic materials used in industry [15].

No. Code Materials
Name Applications

1. PP Polypropylene
Pipes and pipefitting, beer bottles create shells, 
capacitor dielectrics, cable insulation twines, 
ropes, bags, food packaging, fibres, table and 
chairs, etc.

2, PS Polystyrene Packaging, lighting fittings and toys, containers 
food , foam and coups, etc.

3. PE Polyethylene Food containers, milk bottles and plastic food 
bags, etc.

4. PVC Polyvinyl
Chloride

Insulation of wire for domestic electricity 
supply domestic hosepipes and fittings, siding, 
carpet backing and windows, soles of footwear, 
bottles, pipe, fittings and packaging sheet are 
major rigid markets, etc.

5. PET Polyethylene
terephthalate

Soft drink bottles, fibres and many other 
injection-moulded consumer product containers, 
etc.

6. LDPE Low- density 
polyethylene

Low-loss electrical wire covering blow molded 
and large rotationally molded containers, Bottle, 
and packaging film, Shopping bags, etc.

7. HDPE High-density
polyethylene

Dustbins used to make bottles for, milk, water 
bottle, juice, and laundry products create and 
mechanical handling pallets, pipe, bags, film 
etc.

8. ABS
Acrylonitrile

butadiene
Styrene

Shelves, sheet, safety helmets, camper tops, 
automotive instrument panels, and other interior 
components, pipe fittings, home-security 
devices, etc.

9. EPS Expandable
polystyrene

Make foams for packaging and thermal 
insulation in the building and construction 
market, etc.
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1.3. Research Questions

The research questions are used as a guide to address the study and are used as a 

starting point for analysis [21] [22]. In general, these questions are developed in 

order to address the issues raised from the research objectives as presented in the 

section 1.6. As a result of the generic questions initially renewed, more specific 

research questions have evolved and are outlined as follows:

1. Why and how recycling are process implemented within the plastic, industry 

in Ireland and the United Kingdom?

2. How does the recycle process affect on the quality on the product at each 

recycle stage?

3. What is the relationship between the process parameters and product quality 

at each recycle stages?

4. How does the recycled process affected on sell of recycling products in the 

different recycle stage?

In the context of this study, three hypotheses are formulated, for the purpose of 

offering a clear framework and direction to this research, as well as to guide the 

collecting, analysing and interpreting of data [23]. In order to answer these questions, 

a number o f propositions are developed during the literature and presented in 

chapters, four and six which examine in detail the issues involved.

Analysis o f the research questions involved bivariation correlation and “ANOVA” 

test, applied to exam the quality of the recycled process at each recycling stage.

1.4. Problem Definition

The strategy of developing mixed material is extremely useful for recycled PP. Since 

PP undergoes a rapid and deep degradation phenomena, with subsequent decrease in 

mechanical properties. The problem investigated by this research is considered 

amongst the basic problems, which focus on the quality of the product at different 

recycling stages. Often during the manufacturing process o f traditional thermoplastic
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materials there is a vast number o f rejects (that is, scraps) after the moulding process, 

although this problem is solved by one of the most common recycling techniques, in 

mixing raw PP and recycled PP to produce products with desired quality. This 

practice is very common in industry where plastic rejects are ground and 

reintroduced into the processing apparatus together with raw material. The main 

problem related to this practice is choosing the right amount in percentage of 

recycled PP to be mixed with the raw PP at the mixing stage.

Much research reviews the properties o f several percentages mixture, with particular 

reference to the effects o f the amount o f  the recycled PP used in the mix. A brief 

overview of the models used to predict the properties of mix is also given. As 

previously outlined, the preparation o f mixed PP is, in general, a very useful way of 

managing plastic recycling. The analysis and prediction of the mechanical properties 

of PP mixture is extremely complicated, as the different level of parameters used 

dramatically affects these properties. This is the reason for different in results 

published previously in literature. This study led to identification to an optimum and 

subsequent improvement in product quality at varies recycling stages by the various 

mixed percentages o f raw material with recycled polypropylene (PP) plastic 

materials.

1.5. Aim of the Research

The primary objective of this research is to develop a mathematical model to 

describe the behaviour of plastic materials PP, for each recycling stage, using 

different recycling parameters with injection moulding machine, HM7. The 

following points identify the core o f this research study:

1. To identify the economic and marketing benefits of recycling traditional 

thermoplastic materials.

2. Effect of the length/ duration o f the recycling process on the mechanical 

properties.

3. The effect o f the process parameters on the quality of recycled products.

4. To analyse the quality performance versus the product cost.
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1.6. Research Hypothesis

This research thesis examines and develops the hypothesis though implementing two 

methods, such as, that of questionnaires and experimental work, for each recycling 

stages. This research also examines the premise that both quality and marked 

orientation do indeed improve recycle.

Considering performance in the manufacturing thermoplastics. The following points 

can be considered:

1. Relationships between numbers of recycle processing and product quality.

Also, the percentages of raw material used with recycled materials to 

improve and achieve optimal quality products for second and third stage in 

recycling.

2. Effects o f the process inputs parameters on the quality o f the product for

each recycling stage.

3. Relationship between recycle processing and market at each recycling stages.

The research analyses considered quality product, input process parameters and 

market orientation as the independent variable (XI, X2 and X 3) and recycle 

performance (Y), as the depended variable. The statistical analysis was done using 

the” SPSS” software to determine the correlation between the variables of the study, 

as well as the significant effect of the independent variable on the dependent variable 

by using “ANOVA” test. Each hypothesis was discussed and tested based on the 

findings o f the statistical analysis, which is presented in chapter four. The correlation 

matrix indicated that there is a high relationship between Xi, X2 and X 3with the 

depended variable. As indicated, there results are analysed in chapter four and six.

1.7. Preliminary Research

This is the starting point of the research. A comprehensive literature survey on the 

subject o f the recycling process of thermoplastics was actively conducted. This study 

will be reviewed in chapter three.
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1.7.1. Designing the survey

The preliminary research is used in identifying the areas, which need to be addressed 

in designing of the implementation framework. Following this, the most important 

phase o f the work was the design o f the survey. Two kinds of survey method have 

been used in this work.

1. Web based survey, (requiring a web page on the internet).

2. Traditional postal survey.

During this stage a pre- test and a pilot test of the survey was conducted. Chapter 

three will cover in depth this topic.

1.7.2. Survey analysis

Data collection has been done by survey methods and some statistical tools have 

been implemented for the data analysis such as frequency, cross -tabulation and 

correlation. Also, graphical representation (such as, pie chart and bar charts) along 

with a discussion which followed the results of the analysis. Chapter fife will cover 

in detail this section.

1.8. Significance and contribution of this study

There has been little or no substantial research carried out in involving questionnaire 

methods in the aspect o f recycling within the manufacturing plastics industrial and 

laboratory work using several stages with mixed material. This research is therefore 

important as it addresses the need for this in both Ireland and the United Kingdom. In 

general, there are five main areas where the work presented in this thesis provides a 

significant contribution to knowledge in the following manner:

1. The literature review addresses the gaps in the recycling process and related 

operations involving plastic materials. Literature focuses on the aspects of 

survey using plastic materials resource and mixed polypropylene recycled 

material with the PP raw material at different percentages to be 

development.
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2. The study identifies the economic and marketing benefits of recycling 

traditional thermoplastic materials.

3. The study examines and carries out a comparative study on the aspects of

recycling process implementation between survey method and experimental 

work.

4. The study investigates possible linkages between the recycling process and

final product quality at each recycle stages.

5. The study investigates the effects o f process parameters during the injection-

moulding machine HM7 with PP plastic materials on the quality of recycled 

products at several recycling stages.

6 . The study offers a proposed solution in providing predicted and optimised

mould process parameters.

1.9. Overview of the Thesis

This thesis is divided into seven chapters. A description o f each chapter is described 

below:

Chapter l ”Introduction”:

This chapter present a brief introduction to the research topic area and explains the 

aims o f the work and subsequent problem statement. The research addressed in this 

study is followed by an explanation of the research questions and aims of the 

research. An explanation on why questionnaire and experimentally selected as a 

comparison study is also presented. This chapter also describes the research approach 

used in this study and the link between theory and practice.

Chapter 2”Literature Review”:

This chapter presents a review o f existing literature on the subjects in accordance to 

the aims o f the research that have been outlined in the previous chapter. A critical 

evaluation of the recycling process in literature and other related areas is undertaken 

to determine the research work that has taken place, as well as to identify gaps in the
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literature that will provide the framework for this research study and direction for the 

empirical research. The literature review is divided into four sections with the 

specific sections as follows.

• The first section provides an overview of the recycling process of plastic

materials.

• The second section presents the technologies used in this study, such as

“Injection Mould “, and classification of mould equipments.

• The third section provides an overview for mechanical properties o f mixed

polypropylene (PP) plastic material.

• The final section of this chapter focuses on the related work for an application

of Design of Experiments (DoE).

Chapter 3 “Designing the Survey and experimental procedure”:

This chapter describes the methodologies used in this work and presented as follows:

• The first section provides a detailed survey using questionnaire’s designed 

into three sections; section A: company profile; section B: recycling of plastic 

materials and section C: selling o f recycled products. In this chapter, two 

techniques are highlighted which have been used to assemble data collated in 

response to survey conducted and analysed using “SPSS” statistical software.

• The second section describe the first traditional post survey method technique 

which was used to assemble data from the Republic of Ireland and United 

Kingdom plastic companies.

• The third section of this chapter focuses on the second online survey method 

technique, which was used in this research.

The final section o f this chapter presents the study using an experimental work to 

collect data, and analysis techniques used Design Experimental V.7 software. This 

section is divided into three points:
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• Material study. This section involved raw, first, second and third stage with 

recycling polypropylene (PP) plastic material. Each every stage using grinder 

samples with several process parameters used to determine the effect on the 

mould sample using injection mould HM7 machine.

• Tensile Test: This section is presented to evaluate recycling properties for 

several sample parameters in which mechanical properties are affected after 

the moulding process and to analyse all the response data using Experiment 

Design Software V7.

• Statistic design V7 Software, FD Technical'. This section highlights the 

limitations and implication in developing response data witan experimental 

plan based on 2K Factorial Design (FD) for each recycle stage.

Chapter 4 Survey Results ad Analysis:

This chapter covers the analyses of the results obtained from the survey. The results 

of three hypotheses testing are provided in chapter’s fife and six.

Chapter 5 Experimental Design:

This chapter provides a detailed description on the experimental design modelling 

which has been applied to study the effects o f processing parameters on the 

mechanical properties by using the injection-moulding machine HM7. Data from the 

experimental tests were carried out using Design o f Experimental (DoE) statistical 

techniques. The tests were conducted on controlled-moulding samples at different 

parameters, to examine yield strength (Y) and ultimate tensile strength (UTS) at 

different recycling stages. 2K Factorial Design (FD) were applied by using “ANOVA 

“test to produces models at each stage.

Chapter 6 “Conclusions and Future Work”:

This chapter presents the main results associated to this research. It also outlines the 

thesis contribution and recommendation for future work based on the present study.
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Finally Fig. 1.2 shows the schematic diagram of research out line Fig. 1.3 shows the 

method of approach used in the present study for the two methods, as also provided 

in chapter three.

1.10. Chapter Summary

This chapter introduces the research topic area and summarises the aims of the work. 

It provides a general introduction to the background of the research addressed in this 

study and also gives an overview of the methods describing the methodology. This is 

followed by an explanation of the research questions and aims of the research. A 

brief introduction on recycling o f several thermoplastic materials and the 

implementation o f recycling process for rejects o f plastic materials coming from the 

plastic industry. This chapter also describes the research approach used in this study 

and the link between theory and practice.
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Chapter 2: Literature Review

2. Literature Review

2.1. Introduction

This chapter provides the reader with a clear explanation to what is involved in this 

process, and also presents the relevant work that has been done by applying these 

methodologies to the recycling process using addition of raw polypropylene (PP) to 

recycled PP and also using various mixtures of PP with the other plastic materials. 

Fig. 2.1 shows a schematic of the demonstrated reject and sale recycling products.

2.2. Purposes of Literature Review

In line with the purpose o f compiling a literature review, as mentioned above; this 

chapter presents a review of existing literature in developing the theoretical and 

experimental understanding on the following topics, in accordance to the aims of this 

research; (1) recycling process of plastic materials; (2 ) rcycling process of mixed 

polypropylene (PP) plastic materials; (3) application of Design of Experiments 

(DoE). A critical evaluation of the maintenance literature and other related areas is 

undertaken to determine the research works that had been done, as well as to identify 

gaps in the literature that will provide direction for the empirical research. In the 

context of this study, three hypotheses are formulated, for the purpose o f offering a 

clear framework and direction to this research, as well as to guide the collecting, 

analyzing and interpreting of data. This chapter provides the reader with a clear 

explanation as to what is involved in this process, and also presents the relevant work 

that has been done by applying these methodologies to the process. Fig. 2.2 shows a 

link between business, manufacturing strategy and recycling process.
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Fig. 2.2: The link between business, manufacturing strategy and recycling process. 

2.3. History and Background of Recycling Plastics

Currently, most of plastic recycling in the UK entails the reprocessing of rejects from 

industry and municipal solid waste (MSW), i.e. polymers left over from the 

production of plastics. This is a relatively simple and economical way to recycle [24], 

The recycling o f plastic waste is unlimited to rejects from manufacturing [25], The 

utilisation of reject at various stages is presented in Fig. 2.2. In 1988, only 1% by 

weight of all discarded plastic was recycled in Florida [26]. This represents 13% of 

the total packaging material. From 1985 to 2000, plastic packaging was predicted to 

increase by 77% PP, PET and HDPE are the major recycling plastics technology offer 

more economically attractive alternatives for plastic recycling or disposal.
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Since the 1950s, the processing of plastics have grown into a major industry affecting 

our lives, from providing improved packaging to giving us new textiles and permitting 

the production of useful new products. In fact, since 1976, plastic has been become 

the most used material in the world and was recently voted one of the top materials 

[27]. In the USA, around two -third o f all petrochemicals are used in the production 

o f plastic. 25% of these plastics were recycled representing an increase by 25% of 

recycled materials being returned to the market [1]. An important series of articles 

were published in “Kunstoffe-Germany Plastics” in 1978, when the articles provided a 

detailed description o f developments in plastic recycling in many countries [28-29]. 

This could provide the basis o f a substantial tertiary plastics recycling industry [30].

2.4. Definition of Recycling

Recycling may be defined as any activity involving reclamation, recovery or reuse 

o f materials; in other words; any method of extracting value in the form of energy or 

material from waste generated at any time in the life cycle o f a product. Recycling 

may be mechanical, chemical or thermal [31]. Recycling is only sensible if  the cost 

o f processing the rejects increases the value o f the recycled product. When the 

recycling of plastics first came about, a form of it was utilised by the plastic industry 

in its infancy. Various plastic manufacturers learned that rejected parts and trim from 

the fabrication process could be reused in the process to contribute in the formation 

o f new plastic products [32].

The plastic process industry has modified and developed numerous methods, and now 

there are different types o f mould equipments used in the manufacture plastic products 

[14]. Injection moulding is one of the most versatile and important processes for mass 

production of complex plastic parts [15]. Injection moulding is the most important 

method used for producing different plastic shapes [16].
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2.5. Types of Recycling

The methods by which value may be regained from waste or used plastics may be 

divided into three categories:

• Mechanical recycling secondary.

• Chemical recycling tertiary.

• Thermal recovery quaternary

At each level of the original structure, in which the material and then the polymer 

itself, is further dismantled, it may be argued that reuse is not really a form of 

recycling, as many materials for instance are intended for repeated use. Mechanical 

recycling may be primaiy or secondary, while the third categories have an exact 

relationship [31].

Due to the mechanical recycling secondary poorer properties o f recycled material, 

some companies establish a maximum percentage of recycled material to be added to 

raw material, according to the product to be manufactured and their improve quality 

[33-35], This study involves identifying profitable uses for each recycling stage.

2.6. Utilisation Technology for Recycled Plastics

Recycling of plastic materials is sensible for reducing the cost of operation 

processing [36]. The recycling o f commercial and industrial reject materials from 

plastic and textiles to metals and paper has been occurring for decades in the United 

States. Various plastic manufacturers are aware that rejected parts and trim from the 

fabrication process may be returned to the process to aid on the formation of new 

plastic products. This procedure, known in the plastics industry as regrinding, can be 

repeated numerous times, as long as the additional percentage o f raw materials 

produces products with good. Any excess rejects may sell to other smaller firms to
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enable future utilization /re-processing o f the plastic [31]. The plastic process 

industry has been modified and developed in numerous ways. Now there are 

different types o f mould equipments used in the manufacture o f plastic products [14]. 

Currently, most plastic recycling in the UK is based on process rejects from industry, 

such as, polymers left over from the production o f plastics. Process rejects represents 

some 250,000 tonnes o f the plastic waste raisings in the UK and approximately 95% 

of this is recycled. This is usually described as reprocessing rather than recycling

[36].

2.7. Recycling as an Economic Activity

The manufacturing plastic companies began to recognise the problems inherent in the 

recycling polices that over-emphasise the materials supply at several stages, and to 

see the potential cost saving and other economic benefits that recycling offers. In the 

early 1990s, a wide range o f “market development “policies were adopted by state of 

market development policies either sought to influence on the profits. Demands, 

directly through companies purchasing or requiring certain product to process 

minimum recycling content; promote recycling via taxes, fess, and other pricing 

instruments [37].

If states are to achieve and maintain recycling rates of 50% or higher, then they will 

need to intensify these efforts and build domestic capacity to absorb secondary 

materials into their economies. This would imply a significant industrial shift from 

resource extraction to materials recycling; creating important economic opportunities 

for urban and rural regions, alike. In order to realise these opportunities; new 

varieties o f economic development planning will be required, focusing on analysis of 

local re-utilisation of these materials when considered as waste meanwhile, 

environmental concerns have continued. Today, environmental awareness reaches 

beyond localised concern about public health; to include large —scale impacts of 

resource extraction and use upon natural ecosystems. In order to remain relevant to 

the broader environmental challenges facing society today, recycling or material 

policies o f the future must address the consumption as use o f materials as their 

disposal, seeking to minimise environmental harm at each stage o f a products life

[37]. As the preceding discussion should make clear, the arena o f policy in which
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companies have sought to influence large-scale recycling markets is in-depth. Many 

different types of approaches have been tried, and there has by now significant real -  

world experience with many variations on each approach. An understanding of large- 

scale market forces in the economy is of elemental importance to all aspects of 

public policy, as it is of particular importance to recycling, since market realities 

fundamentally shape the willingness of businesses to participate in the secondary 

materials economy, significant market and no market barriers to the broader use of 

secondary materials do indeed appear to exist, even in the absence of government 

intervention to remove the remaining distortions. Recycling rates are currently rising 

fast, with additional action; this trend can be expected to accelerate. Environmental 

economics suggests how to analyze and rectify these barriers and distortions. The 

basic scenarios include processing and marketing in each plastic material [37]. Fig. 

2.3 illustrates the integration of economic development and planning between the 

manufacture of the recycling process and market; financial department in businesses 

plastics company.

Manufacturer process of 
recycling 

“Environmental and economic”

Financial Marketing

Fig.2.3: Integration company department.
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2.8. Review of Some Previous Studies on the Surveying of the Recycling Process 

of Plastic Materials

A survey directed to the post-consumer o f recycled plastics was designed to quantify 

the amount o f recycled plastic bottles in 2002. The results indicated that 13 million 

pounds increased total post-consumer plastic o f recycled bottles in 2002. A 

questionnaire was developed and mailed to Elko County in Nevada-USA. The 

questionnaire was used to obtain information pertaining to current recycling practices 

and potentials for recycling in Elko County [6]. These studies have investigated the 

recycling in Nevada -USA. This study looked at the public and private sector 

activities in the recycling market development, and its recycling activities. Some 

companies import secondary materials that are processed to their specifications. In 

Nevada, much of the industrial plastic scrap was recycled. It was found that the 

majority of recycling markets require suppliers to deliver plastics separated 

according to the required product. The study also analysed the market trends and the 

factors that affected demand o f such recycled products. It was demonstrated that 

manufacturers using raw materials to produce their products would affect the 

recycling market. The study also shows that small numbers of Americans have 

realised the importance of recycling on the environment. Since 1980, the number of 

people using recycled materials has increased by nearly 20 percent. The high cost of 

oil and gas can cause companies seek for cheaper recycled plastics. The main 

advantage o f using recycled plastic is that the cost of a recycled material is not 

affected as much by the fossil fuel market in raw plastic. The recycling industry 

should reduce their prices to gain more consumers of recycled goods [8]. The data 

from the survey method was sought from over 150 recycling companies; information 

about the quantity o f recycling material was requested. The questionnaire asked the 

respondents to identify all materials that they recycle from a list developed for each 

industrial category. The results show that 3,377,000 tonnes of material were diverted 

from landfill during 1999-2000 - reflecting the activities o f 75 recycling companies 

in the United State o f America [9].
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Ref [38] has described the Plastic and Chemicals Industries Association, (PACIA), 

survey study have carried out, named the “National Plastic Recycling Survey”. The 

survey gathered data from the years, 1993-2000, on the recycling and reprocessing o f 

plastic in Australia. The PACIA has established systems for the collection and 

reprocessing o f pre-consumer industrial scrap and post-consumer plastics waste. The 

demand for recycled plastics, used for the production of new products was analyzed. 

From 1997 to 2002, the total recycling rate o f plastic in Australia has increased from 

7.0% to 13.4%, as shown in Fig. 2.4 [38].

Fig. 2.4: Total plastic recycling rate (1997-2002) [38].

In 2003, PACIA again, carried out the National Plastics Recycling Survey. The survey 

gathered data for the 2002 calendar year. Results show a total o f increased recycling 

plastic materials from the 2000 to 2002 [38], The total recycled quantities o f different 

plastic materials were reprocessed in Australia from all sectors, as shown in Fig. 2.5. 

It is important to note that the recycling performance of each plastic material is more 

easily distinguished by its recycling rate, as some plastic material have lower 

consumption volumes, and some are used most widely in long-term applications.

Plastic Material

2 6
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Fig. 2.5: Total recycling of individual recycling plastic materials [38].

In 2002 over 100, 000 tonnes were reprocessed locally and 43, 000 tonnes exported 

for reprocessing. In 2002 the recycling rate was slightly higher than in 2001 by 13.1%. 

The survey collected data on total plastics recycling, comprising o f local plastics 

reprocessing and exported waste plastics destined for reprocessing [38], Other studies 

have been carried out for different recycled materials. These studies investigate the 

affect of marketing on the various recycled materials [39]. The survey analyses, 

showed the effect o f the recycling process on the market of the final recycled 

products. Recycled products include paper, plastic and glass. The analyses involved 

the scrap of the products that come from the municipal and go to the manufacturers to 

produce the final products. Manufacturers were using mixed raw materials to produce 

their products with good quality [40]. Fig. 2.6 shows schematic of various recycling 

waste and process mould equipment.
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Fig. 2.6: Schematic o f different recycling waste and process mould equipment.
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2.9. Injection Moulding Technology

In the injection moulding process, a plastic material is injected under pressure into a 

mould. In the case o f thermoplastic injection moulding, the material is supplied in 

pellet form, dried melted and injected into the mould where the material cools and 

solidifies. Thermoplastic materials account for 80% o f all injection-moulding 

materials worldwide [41-42]. The process allows the manufacturing of complex 

shapes in a wide range of materials. The process can also be highly automated and is 

capable of achieving high production rates with a high level o f reliability [43].

This makes the process ideal for mass production. In addition, components are 

produced in a single operation with minimal waste [44]. During injection moulding 

the heated plastic material is injected into a mould and stamped out. This process 

changes the properties and causes the recyclable life to severely decline [8]. The 

method is suitable for mass production with complicated shapes, and a large part in 

the area of plastic processing. The injection system consists of a hopper, a 

reciprocating screw and barrel assembly, and an injection nozzle. The nozzle 

connection is shown in Fig. 2.10. Fig. 2.11 shows two and three-plate moulds [45].

2.9.1. Type of moulding processes

The plastic process industry has been modified and developed in numerous ways, 

and now there are different types of injection mould equipments used in 

manufacturer plastic products such as [46]:

• Injection Moulding.

• Blow Moulding.

• Extrusion Moulding.

• Film Mould.

Injection moulding is one of the most versatile and important operations for mass 

production o f complex plastic parts [15]. Injection moulding is the most important of 

all the commercial methods o f plastic processing [16]. Injection moulding in the 

western world is becoming increasingly competitive as the manufacturing base for 

many plastic materials has re-located to the east [17]. There are different types of 

moulding method present in the manufacturing industry, such as; blow mould,
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injection mould and extrusion mould and all process are used in the recycling of 

thermoplastic materials as shown in Fig. 2.7 [ 46].

(A)
Hollow mandril form s Inner 

surface o f bottle neck

Extruder and die as above
Compressed a ir expands plastic 

tube against mould 
M ould closed a t second stage 

To nip end o f  tube shut

(B)

Clarnp Hopper containing, plastic 
In form ofpellet or powder Two p a rt sp lit  m ould

Clamp
holds
lufould
shut

(C)

leaves die

Fig. 2.7: Process mould techniques, blow moulding (a), injection moulding (b) and

extrusion (c) [54].
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Plastic is one of the world’s faster growing industries. It involves a rapidly 

increasing number of industrial, commercial and domestic applications, giving rise 

for the need to expand existing development strategies and create new dimensions 

at design and manufacture stage. Injection moulding has the advantage that 

moulded parts can be manufactured in unlimited quantities o f products [47].

Injection moulding is the most important process used to manufacture plastic 

products. Today, more than one third of all thermoplastic materials are injection 

molded, and more than half of all polymer-processing equipment is for injection 

moulding .The injection moulding process is ideally suited to manufacture mass- 

produced parts o f complex shapes that require precise dimensions [48].

Injection moulding is one of the most common processing methods for 

thermoplastics. Nowadays, a multitude o f different types o f injection-moulded 

exist as shown in Table 2.1 to different mould products. In the injection moulding 

process, a thermoplastic in the form of granules or powder, passes from a feed 

hopper into a barrel where it is heated until it becomes soft. It is then forced 

through a nozzle into a relatively cold mould, which is clamped tightly closed. 

After the plastic is cooled and solidified, the article is ejected and the cycle is 

repeated. The major advantages of the process includes its versatility in moulding 

a wide range of products, the ease with which automation can be introduced, the 

possibility o f high production rates and the manufacture o f articles with close 

tolerances [49]
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Table 2.1: Shows different plastic products produced by the mould process [50], [51].

Applications

Different types o f injection-moulded products, 
such as, domestic applicable washing machines, 
dishwashers, air-conditions, office equipment 
kitchen utensils such as, spoons, knives, forks, 
kettle, toaster machine. Vehicle moulds include, 
panel, car lamp housings, automobile filters, car 
brake sockets and vents and factories mould 

Injection Moulding include combs, syringes, paint brush, handles,
crash helmets, telephones, mobile phone, 
gearwheels, brief cases, television cover housings, 
typewriters, computers cover, keyboard, 
automotive parts, medical equipment and 
communication facilities home appliances, pipe 
fitting, bin, chair, vegetable box, drawer, baby 
chair, baby walk, toys, tray mould, MDF floors 
molding and door hands.

Different type and size o f container and bottles.

Plastic sheet i.e. cups, plate, trays, pipes, house 
siding, door, window seals and flooring i.e. 
skirting, end-caps, reducers, T-mouldings, stair 
noses, and quarter rounds, etc.

Plastic sheet, such as, packing fruit, food, roof 
sheet garments, textiles, daily-use articles and 
industrial products, such as, plastic bags in 

Extrusion Mould different size and types, plastic films in several
forms and formats, paper board and cloth material 
Ice-pop filling and sealing machines and different 
size tubes.

Blow Mould

Film Mould

Mould Process
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2.9.2. Injection moulding materials

The synthetic materials used in the injection moulding process are generally 

termed plastics or polymers. Strictly speaking the terms have different meanings.

A plastic is defined as organic, synthetic or processed materials that can be easily 

shaped or formed. Alternatively, a polymer is defined as a complex, organic, 

polymerised compound consisting of repeating. Structural units that can be shaped 

or formed [52]. Thus, polymers are a subgroup of plastics as most plastics are 

development in the field of thermoplastic are associated with Polypropylene (PP), 

Polyethylene (PE), Polystyrene (PS), and Polyvinyl Chloride (PVC) 

thermoplastics which represent 85% of the world’s production [53],

2.9.3. Injection moulding process stages

Injection moulding is a continuous process consisting o f several different distinct 

stages. The stages can be classified from either a machine or materials perspective 

[53]. From a materials perspective, as the material progresses from raw state to final 

form, it is heated to molten form (heating stage), injected under pressure (filling 

stage), pressurised to full density (packing stage) and allowed to solidify (cooling 

stage). It is then ejected from the mould. These main stages are illustrated in fig. 2.8 in 

processes cooling commences as soon as the materials leaves the heated barrel while 

in other processes the material is heated over an entire cycle [45]. Fig. 2.9 shows a 

single-screw injection-moulding machine and its components.
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Fig. 2.8: Main stage in the injection moulding process (a) filling (b) packing

and cooling (c) [46].
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A

Ti

Sprue

Fig. 2.9: A single screw injection-moulding machine for thermoplastics, showing the 

plastic zing screw, a barrel, and band heaters to heat the barrel, a stationary platen, and

a movable platen [45].

Components of the single parts o f injection -moulding machine include [47]. Fig. 2.10 

shows nozzle connection.

(1)TheHopper

Thermoplastic material is supplied to the moulder in the form of small pellets. The 

hopper on the injection-moulding machine holds these pellets. The pellets are 

gravity-fed from the hopper through the hopper throat into the barrel and screw 

assembly.

(2) The Barrel

As shown in Fig.2.11 the barrel o f the injection-moulding machine supports the 

reciprocating plasticizing screw. It is heated by the surrounding electric heater bands.
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(3)The Reciprocating Screw

The reciprocating screw is used to compress, melt, and convey the material. The 

reciprocating screw consists of three zones as follows:

-The feeding zone

-The compressing (or transition) zone 

-The metering zone

(4)The Nozzle

The nozzle connects the barrel to the sprue brushing of the mould and forms a seal 

between the barrel and the mould. The temperature of the nozzle should be set to the 

material's melting temperature or just below it, depending on the recommendation of 

the material supplier. When the barrel is in its full forward processing position, the 

radius o f the nozzle should nest and seal in the concave radius in the sprue brushing 

with a locating ring. During purging of the barrel, the barrel backs out from the sprue, 

so the purging compounds can free fall from the nozzle. These two-barrel positions 

are illustrated below.

Fig. 2.10: Nozzle connection [45].
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Fig. 2.11: Part o f injection unit [54].

Injection moulding is a method to obtain moulded products by injecting plastic 

materials molten by heat into a mold, and then cooling and solidifying them. The 

method is suitable for the mass production o f products with complicated shapes, and 

takes a large part in the area o f plastic processing. The process of injection moulding 

is divided into four major steps as shown below.

• The Mould

The mould system consists of tie bars, stationary and moving plate, as well as 

molding plates (bases) that house the cavity, sprue and runner systems, ejector pins, 

and cooling channels, as shown below. The mould is essentially a heat exchanger in 

which the molten thermoplastic solidifies to the desired shape and dimensional 

details are defined by the cavity. A list o f terms and a pictorial of their position on a 

typical mould is shown in Fig. 2.12.

37



Chapter 2: Literature Review

Fig. 2.12: Type of mould [48].
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The moulding is completed in the following keys as shows in Table 2.2.

Table 2.2: Shows the part o f moulding [48].

No. P art of Mould i No. P art of Mould

1. Compression sring 12. ---------------Parting line

2. Ejector bolt 13. Cavity retainer plate
3. Movable clamping plate 14. Stationary clamping plate
4. Ejector and ejector retainer plates 15. Plug for cooling line 

connection
5. | Ejector pin 16. Locating ring
6. Central sprue ejector 17. Sprue bushing
7. Support plate 18. Cavity line
8. i Straight bushing 19. Cooline line
9. [ Cavity retainer plate 20. Cavity insert
10. Leader pin 21. Support pillar

11. Shoulder bushing

• Two-plate mould

The vast majority o f moulds consist essentially o f  two halves, as depicted Fig. 2.13. 

This kind of mould is used for parts that are typically gated on or around their edge, 

with the runner in the same mould plate as the cavity.

• Three-plate mould

The three-plate mould is typically used for parts that are gated away from their edge. 

The runner is in two plates, separate from the cavity and core, as shown in figure 2.10. 

From a machine perspective, (see Fig. 2.8), the cycle commences with the injection 

stage, during which the mould is filled; a holding stage where the mould is brought up 

to pressure and the materials allowed to cool. This is followed by mould opening, 

component ejection and mould closing stage.
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Fig. 2.13: Two and three-plate mould [45],
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The proportions of both the cycle and profiling as shown are indicative o f the time 

spent on each stage in the cycle. The injection moulding process is completed in the 

following stages [55]. Fig. 2.14 shows the typical injection moulding cycle.

■ Mould Closing; This stage should be as quick as possible, but not so fast as to

cause damage to the parting surface o f the injection mould.

■ Mould F illing; The plastic melt is forced to fill the cavity o f the mould.

■ M ould Packing; After the plastic is injected, the pressure is increased to

consolidate the plastic in the cavity.

■ Cooling ; This stage consists o f cooling the plastic from its injection temperature to 

its ejection temperature.

■ Ejection; In this stage the mould is opened and automatically ejected.

5% 5 %

63%

■ Ejection
■  Mould Closing
□  Mould filling
□  Mould Packing
■  Cooling

Fig. 2.14: Typical injection moulding cycle [55].

During each of these process stages, it is necessary to control the dominant process 

parameters in order to produce acceptable moulded products [55]. The main 

parameters that influence the process fall into four categories; barrel temperature, 

nozzle temperature, mould temperature and screw rotation. These are the process 

parameters that affect the products quality as shown in Fig. 2.15 [56].
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Barrel Temperature

Nozzle Temperature

Screw Rotation

M ould Temperature

Fig. 2.15: Primary injection moulding parameters [56].

2.9.3.1. Heating stage of the injection moulding process

During the heating stage, the plastic materials in the barrel is heated by electrical 

band heaters and where applicable, friction arising from screw rotation. The most 

important temperature is the actual melt temperature, the temperature where the 

materials must be heated to before it is injected into the cavity. All materials have a 

range of temperature at which can be efficiently processed and still maintain their 

optimum mechanical properties. For amorphous materials, which actually melt, the 

range is smaller [57], Most injection moulding machines achieve this melt 

temperature by gradually heating the materials as it moves from the rear o f the barrel 

towards the nozzle.
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2.9.3.2. Filing stage of the injection moulding process

During the filing stage, the molten materials are forced either by the plunger or screw 

through the nozzle of the cylinder into the mould. The molten plastic is directed 

through a runner system into the actual mould cavity. As the material enters the 

cavity, a frozen layer develops upon contact with cooler mould walls [58]. During 

filling, the materials in the central core continues to flow generating frictional heat 

which is conducted across the frozen layer to the mould wall, Initially the conduction 

of heat across the frozen layer is rapid as the layer is relatively thin. This conduction 

allows more materials to solidify, increasing the frozen layer thickness. An 

equilibrium condition is reached when the frictional heat is generated at the same rate 

as it is dissipated across the frozen layer. These effects can be demonstrated 

experimentally by variation of the injection rate between cycles. The pressure, under 

which the materials are injected, is referred to as the injection pressure and is 

determined by the viscosity of the materials and the flow rate required to fill the 

mould. [54]

2.9.3.3. Packing stage of the injection moulding process

The packing stage comprises of two phases, pressurisation and compensation [58]. 

During the pressurisation phase, the plunger or screw continues to move forward, 

forcing additional materials into the mould. This is possible because molten plastic is 

compressible, and with the injection pressure it is possible to inject molten materials 

into the mould. The applied pressure is called the holding pressure and is applied to a 

cushion o f materials in the barrel that transfer to the mould by the connection nozzle 

to solidify plastic products [59].

2.9.3.4. Cooling stage

During the cooling stage the materials just inside the frozen layer, which is subject to 

the maximum shear stress, freezes. The materials in the centre o f the core solidify at 

a slower rate and are subjects to lower shear stresses. The combined action allows the 

materials to relax, typically, reduced orientation is observed towards the centre of the 

cavity [60, 61]. Fig. 2.16 shows injection moulding cycle stage.
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Fig. 2.16: Injection moulding cycle stage.

2.10. Review of some Previous Studies on Recycling Process of Mixed (PP)

Recently, mixing raw plastic materials with the recycled materials would improve the 

product mechanical properties, which would contribute in clear environment [62-63]. 

The approaches o f mixed plastics materials were found to give better mechanical 

properties [64]. Poor mechanical properties are most to achieve when recycling the 

plastic material twice or more [65]. The percentage of raw material in the mixture

44



Chapter 2: Literature Review

with the recycled, and the injection moulding process parameters such as mould 

temperature and barrel temperature, speed etc, are the main factors that would affect 

the quality o f the final product [66-67]. The recycled materials have been correlated 

with the number o f reprocessing steps and compared with those obtained by 

reprocessing raw materials o f the same composition; the properties of the secondary 

material decreased with the number of mould steps, and the additions of raw materials 

to the recycled are responsible o f obtaining excellent mechanical properties, in 

different plastic materials [68]. Fig. 2.17 shows recycled materials percentages for 

various types o f plastic materials; thus it is apparent that PE is the most recycled 

material nowadays and PP has a quit high percentage of recycled material as well 

[69].

P E T
27%

Fig. 2.17: Different materials that are usually recycled [8].

Martins and De Paoli [70] have presented the extrusion moulding for 13 processing. 

They were using formulations containing raw PP (H201) with the recycled materials 

polypropylene with an additions antioxidant. They evaluated the effect of processing 

parameters on the mechanical properties. The temperature was ranging between 180 

and 210°C with screw rotation 50 rpm. The results indicated that the addition of raw 

material PP has improved the quality o f the recycled materials. Agrawal, et al. [71] 

have investigated the effects recycling process on the mechanical properties by using 

extrusion moulding. The samples were prepared by mixing the raw polypropylene PP 

(H020SG) with recycled PP. The additional percentages o f raw PP were, 60:40 

(recycled PP: raw PP), the melt temperature ranges between 100 to 230 °C. The
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results indicated that the mechanical properties have been improved after the addition 

o f raw PP material.

Aurrekoetxea, et al. [72] have discussed the use o f recycling materials by using 

injection moulding machine model (SM6100) Moutell. The recycled materials PP 

were mixed with the raw PP plastic material. Scanning electron microscopy (SEM) 

was used to study the fracture surfaces; the effects o f recycling on the fracture 

behaviour of PP and change in morphology were studied. The injection parameters 

used are melting temperature at 200°C and screw rotation 200 rpm. The results 

indicated that the increase in the yield stress is due to the higher degree of 

crystallinity of the recycled materials. Incamato, et al. [73] has studied the effects of 

recycling process on the mechanical properties of PP. In this study the raw material 

PP has been added with the following to recycle PP (V/R, 70/30 and V/R 50/50) the 

relationship between process parameters and mechanical properties were 

investigated. The moulding temperature ranges between 210 and 240°C and speed of 

80 rpm were used. Mechanical Properties testing were carried out by using tensile 

testing machine model (4301), with speed of 50 mm/min, Young modulus and yield 

stress were measured. The results indicated the empirical correlation between 

rheological properties and molecular structure parameters.

Tall, et. al [74] has developed a mixture of recycled PP with the raw martial PP, of 

injection moulding process. The parameters were: temperature ranges between 200 

and 220°C, mould temperature 30 °C and speed 75 rpm. Mechanical properties were 

measured with an Instron machine model (5566). The mixture was a composite 

material consisting of 20% of PP raw material, 20% talc and 60% recycled PP. The 

results indicated that the mechanical properties were improved by adding 20% of raw 

materials.

Another author Tsenoglou et al. [75] have described the effects of the temperature of 

the second recycling on the mechanical properties o f PP plastic material. The 

material was also analysed by using high performance liquid chromatography. The 

temperature ranges between 230 and 280 °C. Using the second recycling PP material 

reduced the final product quality. Espert, et al. [76] have studied the effect of
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cellulose fibres as reinforcements in recycling the PP plastic material. They mixed 

the PP plastic material with 40 wt % o f cellulose at temperature ranges between 210 

and 250°C with the gas flow of 80 ml /min. The results indicate that an improvement 

in the mechanical properties o f PP could be obtained by the addition of cellulose 

fibres. Tiganis, et al. [77] have studied the effects of recycling o f PP in several times. 

They investigated the effects o f process parameters on the mechanical properties by 

using injection moulding at temperature ranges between 120 and 130°C, the 

desirable mechanical properties was achieved with no significant in the different 

recycling time.

Martins and De Paoli [78] have investigated mixing of raw polypropylene PP-H201 

with the recycled PP. They have prepared samples by using injection-molding 

machine. RSM was used to optimise the mechanical properties o f PP, The mechanical 

properties was achieved good product quality. Bonelli, et al. [79] have studied the 

effect of recycled PP (H503) in compatible mixture raw polypropylene and high 

density polyethylene (HDPE), by using extrusion moulding at temperature ranges 

between 190 and 215°C and screw rotation of 100 rpm. A mixture o f 50/50, PP/HDPE 

was mixed. The results confirm good mechanical properties were obtained by using 

mixed materials. Phinyocheep, et al. [80] has discussed the mixed raw polypropylene 

with rejects rubber o f (NR, SBR and BR). They investigated mechanical properties of 

three materials by using injection machine type HMC. The process parameters were; 

speed 70 rpm and temperature range between 190 and 220 °C. SEM was used to 

explore the morphology of the additional materials (75/25, PP/rejects rubber). It was 

found that impact strength was improved and the tensile strength was slightly 

decreased. Ross and Evans [81] have investigated the mixed polypropylene raw PP 

with addition o f fibres. Mould temperature ranges between 180 and 190 °C. The 

results indicated that good mechanical properties were obtained with the fibbers 

addition.

Ref [82] has studied the effects of recycling on the mechanical properties of 

polyethylene terephthalate (PET). The raw material has been mixed with the recycled 

PET and without modifier (PP-graft-MA) to characterize the mechanical properties
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o f the modified PET. The results indicated that the mechanical properties were 

improved by adding the modifier.

Bertin and Robin [83] have investigated the effect o f mechanical properties on the 

recycling o f a mixture of two plastic materials namely: high-density polyethylene 

(LDPE) and Polypropylene (PP). The study was carried out by compounding the 

usage o f single-screw or twin -screw  extruder. Mixtures o f different raw materials 

have been prepared to compare mechanical properties o f both raw and regenerated 

materials. The results indicated that the mechanical properties o f mixed materials have 

been improved. Blom, et al. [84] have studied the effect o f mixing raw PP with 

recycled high density polyethylene material on the mechanical properties. The 

investigation was carried out by using injection-moulding machine with different 

process parameters such as temperature between 190 and 210 °C, injection pressure of 

3.22 M Pa and mould temperature o f 40 °C. The results indicated that a percentage of 

50% o f PP/HDPE would lead to good impact properties and poor tensile properties.

Dintcheva et al. [85] have investigated post-consumer film coming from green house, 

polyethylene (PE) were characterized to evaluate the mechanical properties, the 

experimental tests have been carried out in different recycling steps, by using 

extortion molding. The results indicated that the mechanical properties decrease with 

the number o f reprocessing steps and also at secondary materials. Kallel et al. [86] 

have discussed the effects of mixing two plastic materials PE/PP on the mechanical 

properties, by using injection-moulding machine. The process parameters were: 

temperature ranges between 210 and 235 °C for the mixed PE/PS, also temperature 

range between 190 to 210°C for the PE/PP and mould temperature was 30°C. 

Scanning electron microscope (SEM) was used for the fracture surfaces o f mistrals. 

Two mixtures of, PE/PS and PE/PP o f 80/20 and 40/60 were prepared respectively. 

The result has indicated that the impact properties were increased for the mixed 

materials. Another author, Kim et al. [87] have studied two material (Ethylene 

Propylene Diene Monomer) EPDM and PP. PP was the commercial extortion grade of 

SK chemical (R930Y) and Korea Petrochemical (1088). The waste EPDM powder 

was obtained by the vulcanized EPDM, the compounds were mixed at a percentage of
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70/30 and 75/25. The process parameters were; temperature ranges between 200 and 

235 °C and extrusion speed of 50, 70, 100, and 150 rpm. The results demonstrate that 

the best mechanical strength was obtained at a percentage o f 30 wt % PP at speed of 

100 rpm. Rachtanapun, et al. [88] has studied the microcellular o f HDPE/ 

polypropylene (H704-04) mixtures. They investigated the effects o f process 

parameters on the mechanical properties by using injection moulding, at temperature 

ranges between 135 and 175 °C and speed o f 100 rpm. Mixtures of HDPE/PP at 

various weight ratios (70:30, 50:50 and 30: 70 w/w) were prepared. Data were 

analysed by using statically (ANOVA) test with SAS software. The results show that 

the mixed materials HDPE/PP with weight 50:50 and 30:70 had improved the 

properties o f the final product. Chang-sik Ha, et al. [89] have studied the effect of 

combining cellulose on the properties of raw and recycled materials o f HDE, PP, PS 

and PVC (7/1/ l / l ) ,  mixture was investigated in table kneader internal mixture, 

temperature was 180 °C and speed of 60 rpm. Tensile strength was measured by using 

tensile test machine model (HM25) with a speed of 10 mm/min. SEM was examine 

the fractured surfaces of the commingled mixed. The results indicate that the tensile 

strength was increased with the increasing the cellulose content. Santos, et al. [90] 

have investigated the product quality of a mixed plastic materials o f PP with the high- 

density polyethylene (HDPE) which was processed by using extrusion moulding. It 

was found that a temperature range between 150 and 250 °C. Mould produces 

products with good qualities.

Ragosta, et al. [31] have studied the mixed recycle materials, ethylene-propylene 

copolymer with the raw PP plastic material. The results show that the mechanical 

properties such as elongation at break and impact toughness were improved by 

addition raw PP. Mehrabzadeh and Faramand [92] have studied the polyethylene’s 

(PE) and PP. The samples were prepared by mixing them in (a Haake Buchler 

Rheomix 750), internal and then a compression-moulding machine was used. The 

hydrolytic was treated. SEM was used to study fracture surfaces of the plastic 

materials. The results indicate that the mechanical property such as tensile strength of 

the PP/PE was improved after hydrolytic.

Arroyo and Bell [93] have studied the effect of fibres on the mechanical properties of 

PP and ethylene propylene- diene (EPDM), 50/50 in PP/EPDM. An addition o f fiber
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content around 10% was mixed, the moulding temperature ranges between 210 and 

230 °C and speed of 40 rpm. Response surface methodology (RSM) was used in this 

study to predict and analysis effect o f reinforcing fibres on properties. Tensile test 

was carried out using testing machine model (T-4301), and speed 50 mm/min. 

Fracture surfaces o f several composites were observed on model a JEOL T-330A 

scanning electron microscope (SEM) to study the composite and interface 

morphology. The results indicate that the mechanical properties have increased with 

the addition of 10% fibres.

Santos and Pezzin [94] have investigated mixing of recycled polyethylene (PET) and 

raw PP with percentages of 3, 5 and 7 %(w/w) of PET fibres by using injection 

process moulding temperature ranges between 106 and 160 °C and screw rotation of 

11 rpm. Tensile test was carried out using testing machine model (ISO -527) at speed 

of 50 mm/min, the tensile properties were determined using five samples for each 

composition. Impact strength and surface hardness were also implemented. SEM was 

used to examine the fibre dispersion. The results indicated that the addition of PET in 

PP does not change significantly the PP tensile strength but the impact properties of 

the PP have been significant increased. Kukaleva, et al. [95] have studied a mixture 

o f raw PP with 77-wt% of recycle high-density polyethylene (HDPE). Injection 

moulding process was used to produce the samples. Mechanical properties such as, 

Young modulus, yield stress and elongations at break were measured by using an 

Instron testing machine model (4467). The fracture surfaces were conducted using 

SEM model JEOL JSM (840A). The results demonstrate that good mechanical 

properties have been obtained by using the above mixture. Albano and Sanchez [96] 

have studied the properties of mixing raw PP material and recycled high-density 

polyethylene (HDPE). The addition o f 5% to 20% o f PP was used to improve the 

quality of the finished products. Mechanical properties after compression moulding 

were measured by using a tensile testing machine model (1431-6), speed of 25 

mm/min, and impact strength measurements were made. The results indicate that an 

addition of 5% PP improved the mechanical properties o f this material.

Ismail and Suryadiansyah [97] have investigated the effects of recycled rubber (RR) 

and raw PP. The mechanical properties and morphological of PP was examined. An
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injection temperature o f 190 °C and speed of 50 rpm were used. Tensile test were 

carried out to examine the properties using tensile testing machine with a speed o f 50 

m/min. SEM was carried out to gauge the tensile fracture surface o f PP/RR mixed 

materials. The results indicated that the tensile strength and Young modulus o f the 

mixed material was decreased with increasing rubber content in the mixed material. 

Kim et al. [98] have investigated the mixture of recycled ethylene propylene diene- 

monomer (EPDM) powder with raw PP plastic material. Samples were prepared by 

using injection-moulding machine at temperature ranges from 200 and 235 °C and 

screw rotation of 100 rpm. Samples were prepared by mixing EPDM and PP with 

ratios of 25/75 and 30/70. The mechanical testing measurement was carried out by 

tensile testing machine with speed o f 50 mm/min. SEM was used to study the 

morphology of the mixed material. The results indicate that the mechanical 

properties o f mixtures were improved by adding raw PP material. Vaccaro, et al. [99] 

have developed a model for the predictions of yield strength o f plastic PE/PP. The 

moulding temperature ranges between 190 and 200 °C and speed o f 50rpm were 

used. Three different sets o f mixture were prepared with addition o f polyolefm’s. 

Mechanical properties were measured by using tensile machine with speed of 10 

mm/min. The results indicated that the mechanical properties are in good agreement 

with the predicted model. Tall, et al. [100] have reported an experimental design 

using response surface methodology to predict the mechanical properties o f the 

mixed polyolefin’s with recycled materials produced by using injection. The results 

indicate that the developed model was accurate.

Blom et al. [101] have studied the effects mechanical property of mixed two 

material PP/HDPE. Injection moulding were using various process parameters to 

produce samples with different ranges, the barrel temperature ranged between 190 

and 210°C, mould temperature was 40°C and injection pressure was 3.22 Mpa. The 

results indicated that the 50% mixed were achieved poor quality.

Cheng-Hsien and Wan-Jung [102] have investigated the effects o f various process 

parameters on the characteristics of the weld line of an injection mould. Two 

materials PP (PRO-FAX6331-8) and HDPE (L H606) were used. The Taguchi 

method was applied to study the individual contribution o f process parameters on the
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tensile strength. Four process parameters that can be independently controlled such as 

temperature, mould temperature, speed. The results indicate that the process 

parameters have slight effect on the tensile strength of the HDPE, microstructure of 

weld line is clearly observed. Wyser et al. [103] have studied the recycling of PP and 

silicon oxide-coated polyethylene terephthalate (PET). No significant improvement in 

the tensile behaviour of the mixed materials. Susan and selke [104] have investigated 

the effects of mechanical properties for mixtuer two material HDPE/PP. Mechanical 

properties were carried out using testing impact strength o f mixed material, the 

samples has produced with various ranges of process parameters of injection 

moulding machine. The temperature ranges were between 135 and 175 °C and speed 

was lOOrpm, the mixture was also prepared three weight ratios 70:30, 50:50 and 

30:70. SAS software were employed to analyse the effects o f mixing material. The 

results indicate that improve mechanical properties have been achieved at mixture 

range 50:50 and 30:70.

Scaffaro et al. [105] have studied the mixing o f raw and recycled polyethylene (PE). 

In this study, they optimized the processing parameters such as temperature, 

composition, mixing speed and mixing procedure. Injection mould was used to 

produce the samples. The temperature range was between 170 and 210°C, the 

mixture was prepared with two percentages: 75/25 and 50/50. The results indicate 

that good mechanical properties have been achieved, also the process parameters has 

small effects on the products quality o f the mixed material.

Ceni Jacob, et al. [106] has mixed the virgin ethylene propylene diene monomer 

(EPDM) and recycled PP with percentages o f 70/30 EPDM/PP. SEM was used to 

examine the fractured surface. The results indicate that the mechanical properties of 

the mixture were superior. Chang-Sik, et al. [107] has investigated the effect of 

mixing three plastic materials on the mechanical properties. The three materials are: 

high-density polyethylene (HDPE), (PP) and polyvinyl chloride (PVC) and, 

HDPE/PP/PVC the mixing percentage is 8/1/1. Temperature o f 180 °C and speed of 

60 rpm were used. The results show that the mechanical properties were not 

significantly increased. Santana and Manrich [108] have investigated the effects of 

mixing two raw plastic material namely: (polystyrene-b-ethylen-co-butylene-b-
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stryrene)(SEBS) with two recycled materials PP (H-603,opp) and high impact 

polystyrene (HIPS). The samples were fractured in liquid nitrogen and covered with 

gold before being examined with the microscope. The results indicate that good 

mechanical properties were achieved. Marco et al. [109] have studied a mixture of 

raw PP and recycled HDPE. The results indicate poor tensile properties and impact 

strength. Hwang et al. [110] have studied the recycling of a mixture o f two materials 

PP and polystyrene. The results demonstrate that a product with good quality can be 

produced with these recycled materials. Santos et al. [ I l l ]  have studied the mixture 

of raw PP with the recycled HDPE. The temperature was ranged between 150 and 

180 °C and high 210 and 250 °C. The results indicate that after mixing the materials 

the product quality has been improved.

Finally, the present research considers the review of some works done with the 

estimation of recycling operation cost. Leu and Lin [112] have studied the cost- 

benefit analysis o f the resource material recovery centre and the implications of this 

pilot program on the municipal solid waste disposal. It was concluded that cost- 

benefit analysis o f the operation for the period of high raw material prices the 

recycling center can operate in the black by resale of the sorted recyclable materials 

alone.

Palmer and Walls [113] have studied three prices o f recycled materials base policies 

for solid waste reduction such as; deposit refunds, advance disposal fees and 

recycling subsidies. The results indicate that the deposit refund is the least costly of 

the policies and that 7.5% reduction o f the wastes has been gained. Rebeiz and Craft 

[114] have investigated the cost of recycled process of soft drink plastic PET which 

being collected from land filling, incineration, and recycling wastes to be concerted 

into useful products. Establishment o f markets for the cost-effective use o f recycled 

products are developed. It has been shown that the development of new construction 

materials using recycled plastics is important to both the construction and the plastics 

recycling. Hallberg et al. [115] have investigated the external cost of recycled 

materials developed by the commission of the European Union. The results indicate 

that a high degree of recycling is preferable, at least when considering external costs,
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because external costs of manufacturing o f new materials and disposal costs are 

higher.

The theoretical cost saving arising from the recycling o f raw materials found in 

municipal solid waste has been investigated by Lea [116]. The result indicated that 

the plastic materials have high inherent energy content while the energy cost saving 

from recycling is negligible, especially when sorting costs are considered. 

Diamadopoulos, et al. [117] have studied the municipal solid waste recycling, the 

model they suggested have considered all costs in present values. Namely: recycling 

of products, disposal of solid wastes economic benefits include revenues coming 

from the selling of the recycled goods, and those originating from extending the life 

o f the landfill. It was shown that recycling brings about a significant reduction in the 

mean annual cost of solid waste management by 35%, as well as an increase in the 

life o f the landfill by 6 years.

2.11. Chapter Summary

This chapter provided a comprehensive and up-to-date literature review on the 

subject o f recycling process with a brief description of the injection mould machine 

as applied to polymers, and its accompanying definitions beginning from recycled of 

plastic materials to conduct reprocessing mixed polypropylene. This is followed by a 

discussion on the Design of Experimental requirement to optimise inputs process 

parameters in the process of injection moulding HM7; briefly discussed several tools 

and techniques, which have been used in the study. In line with the purposes of 

literature review, this chapter presented a review of existing literature in developing 

the theoretical understanding on the following topics with the specific purposes, in 

accordance to the aims of this research.

Finally this chapter compares the application o f recycling process with some 

common thermoplastic materials, and also review what has been done within 

statistical design methods, FD. Following the preliminary research effort and 

literature review, the next phase of the research work will be the selection o f research 

methodology for collecting information, which will be addressed in chapter three.
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3. Research Methodology

3.1. Introduction

The preliminary research effort and literature review assist in determining the areas 

that need to be addressed in designing of the implementation framework. Following 

this, the most important phase of the research work comes follows; that is, the 

selection of research methodology for collecting information that will illuminate the 

topic. Therefore, it is essential to gain a good understanding of the issues 

surrounding the research methodology prior to initiating the fieldwork. The purpose 

o f this chapter is to provide an overview of research methodologies and a 

justification for the selection of the methodologies implemented in this study to 

address the objectives o f the research. The chapter starts with an overview o f 

research in general and a description of research philosophies; since it is an integral 

part o f any research work. This follows by making explicit descriptions o f various 

terminologies relating to the research methodology that will be used frequently 

throughout the thesis. The chapter then presents the research methodology chosen 

(that is, a questionnaire survey research, in elaborating the research instrument and 

process, as well as the statistical analytical tools and tests used in this study). A 

survey is an important means to identify and understand people’s attitudes, 

behaviours, and characteristics and to assess any activities in any field. On daily 

basis, the results o f surveys are used by policy-makers, the media, and market 

researchers to describe the population, to make critical decisions and to analyse how 

various groups feel about a range o f topics [121]. A survey is a systematic method 

used to collect data from more than one source in order to answer one or more 

questions typically arranged on a form called a questionnaire. This survey is the 

foundation for research on recycling of plastic materials. It includes a wide spectrum 

of recycling practices, as well as measures and indicators used in the industry [64], 

The survey study combines topics discussing the state of recycling and analysis of 

processes successfully implemented in industrial practice [122].
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3. 2. Research Process of This Study

The research process is usually described as a sequential process which involves 

several clearly defined steps. However, according to Blumberg [123] it does not 

necessarily require that each step is completed before going on to the next one. 

Despite these real life variations, the idea o f a basic sequence is useful in developing 

a research project and in keeping things orderly as it unfolds. Some methodologists 

(Berger et. al) suggest that the use of research models [124]:

•  Offer a guide that directs the research action, helping to reduce time and costs to a 

minimum.

•  Help to introduce a systematic approach to the research operation, thereby 

guaranteeing that all the aspects o f the study will be addressed and that they will be 

executed in the right sequence.

•  Encourage the introduction of an effective organisation and coordination o f the 

project.

Sarantakos [5] presented a research model in terms o f steps and elements, as outlined 

in Table 3.1.

Table 3.1 - The research model [124].

No. STEPS ELEM ENTS

1 RESEARCH
PREPARATION

► Selection of research problem
► Defining research objective
► Formulation o f hypothesis
► Selection of research methodology

2 RESEARCH
DESIGN

► Selection of sampling procedures
► Selection of methods o f data collection
► Selection of statically tool

3 EXECUTION ►Data collection

4 PROCESSING ► Data inputs 
►Analysis of data view

5 REPORTING ► conclusion o f the findings
► Interpretation o f results
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Another author, Punch [125] put forward another model o f research, which shows 

research questions with hypothesis as shown in Fig.3.1. The research questions are 

the straightforward ones o f iw ha f (what question is the research trying to answer? 

what is it trying to find out?) and ‘how’ (how will the research answer these 

questions?). This model o f research helps to organise the planning, execution and 

writing up of the research.

What data are 
required to test

hypotheses?
Theory'

Literature

I  1
Research ► Problem Questions —^  Hypotheses

area a

Design Data — ► Data — Test
collection analyst hypotheses

I
Context

Pre-empirical Empirical ^
stage stage

Fig.3.1: The research model - Punch [125].

In adopting the two research models as described in Table 3.1 and Fig.3.1, Fig.3.2 

illustrates the research journey o f this study. This provides a structured guidance to 

understand the link between each process and tasks at the various stages of the 

research work. The details of research philosophies, research methodology and 

research design employed in this study are discussed in the following section.
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3.3. Research Methodology

In the literature, it is found that there exists, differences between authors description 

in the definition o f a research methodology. Various researchers offer different 

definitions according to their own personal views. According to Sarantakos [124], a 

research methodology seems to be defined in at least two ways. In one form, 

methodology is identical to a research model employed by a researcher in a 

particular project. Another definition relates the nature o f methodology to a 

theoretical and more abstract context.

Here, a methodology is supposed to offer research principles related closely to a 

distinct paradigm translated clearly and accurately. In terms o f prominent operational 

features o f a research methodology, Easterby-Smith et al [126] described that a 

research methodology will explain and justify the particular research strategy and 

methods used in the study.

Flynn et al [127] outlined a methodology and recommended the following steps be 
followed:

•  Establish the theoretical foundation.

•  Select a research design.

•  Select and implement a data collection method.

•  Analyse data and present work.

The process of the theoretical foundation establishment is discussed in the following 

section. Accordingly, the selection o f the research methodology and description of 

the data collection method are described. The results and data analysis may be 

referred to in chapter four of this thesis.
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3.3.1. Theory verification and theory building

Flynn et al [127] believed that there are two ways in which the theoretical foundation 

can be established, (such as, by ‘theory verification’ or ‘theory building’). According 

to Wolcott [128], this is the distinction between “theory-first” and “theory-after”. In 

theory-first research, it starts with a theory, deduces hypotheses from it, and designs 

a study to test these hypotheses. This is theory verification. On the other hand, 

theory-after research does not start with a theory. Instead, the aim is to end up with a 

theory, developed systematically from the data that has been collected. This is theory 

building (or called theory generation).A similar explanation was given by Flynn et al 

[8] in differentiating these two research purposes.

Theory verification is the approach used where the focus is on testing the hypotheses 

rather than analysing its origin. In using this approach, the hypotheses are 

constructed before the research starts and then tested when the data is obtained.

On the other hand, theory-building studies utilise information in different ways and 

the starting point is based on propositions, assumptions or problems rather than 

definite hypotheses. Information is collected in order to define the propositions, and 

thus they are grounded in data even before the actual theory building begins [125]. 

This study utilises the theory verification approach, as the research hypotheses were 

set down following a comprehensive literature review. The information collected 

during this research period was used to clearly define the research hypotheses and 

address the issues raised from the research objectives in section 1.6 o f chapter one, 

in order to answer the research questions. The aim here is to substantial useful 

information and guidance for the recycle processing.

Historically, there has been a correlation between the purpose o f the research 

(whether it is aimed at theory verification or theory building) and the approach used 

in the research (qualitative or quantitative). Quantitative research has typically been 

directed primarily at theory verification, while qualitative research has typically been 

more concerned with theory building [125]. While this correlation is historically 

valid, it is by no means perfect, and there is no necessary connection between
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purpose and approach, as pointed out by various authors for example, Hammersley 

[129] and Brewer and Hunter [130].

3.3.2. Exploratory Versus Explanatory

Before designing the research, a decision has to be made about the overall strategy 

and what the most useful data collection methods are. Marshall and Rossman [131] 

suggest that there are four different purposes for undertaking a study: (1) 

exploratory, (2) explanatory, (3) descriptive and (4) predictive all of which are 

employed here. Each o f these asks different kinds o f research questions, employs 

different strategies even though there is often considerable overlap between them.

This study is both exploratory and explanatory in nature as it is difficult to 

completely separate the two methods. Ryan, et. al [132]. Describes the distinction 

between exploration and explanation as rather ambiguous. On the explanatory side 

the research will attempt to explain the reasons for the practice being introduced and 

hence to draw conclusions regarding the link between the introductions of recycling 

processes in the different stages of the firms examined. The descriptive element of 

the research is also important as description is the foundation of knowledge 

according to, Preece [133]. As in highlighted this thesis, the descriptive and 

predictive, experimental work can then be used to construct an explanation or be 

fitted into an explanatory framework [134], Identifying relationships between 

different variables will also achieve a certain level of prediction in which stage to 

obtain a good product quality.

Descriptive and explanatory elements represent two different levels of 

understanding. The distinction between them is particularly relevant to the purpose 

of a piece of research. Description is concerned with making complicated things 

understandable. Explanation, alternatively involves finding the reasons for things, 

events and situations, showing why and how.

A good way to make contrast is to say that description focuses on what is the case, 

whereas explanation focuses on why and how something is the case [125]. The 

descriptive element o f the research is also important since “description is the
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foundation o f knowledge” [133]. As depicted in this thesis, the descriptive work can 

then be used to construct an explanation or be fitted into an explanatory work [134].

Identifying the relationships or correlation between different variables will also 

allow a certain level o f prediction to take place, although care will be taken in this 

study so as not “to assume that all observed relationships are casual” [132]. 

Pinsonneault and Kraemer [135] differentiated between descriptive and explanatory 

in terms of purpose for a survey research:

i) The purpose o f survey research in description is used to find out what situations, 

events, attitudes or opinion are occurring in a population. It aims to describe a 

distribution or to make comparisons between distributions.

ii) The purpose o f survey research in explanation is used to test theory and casual 

relations. It aims to ask about the relationships between variables.

This study use a combination of descriptive and explanatory approach in nature 

where the research will attempt to examine the aspect of recycle and the linkage 

between the recycle process and the product quality in each stage employee 

involvement in the companies examined.

3.3.3. Quantities versus Qualitative

Combining a qualitative and quantitative approach facilitates the acquisition of both 

experimental and survey data. The results of the qualitative and quantitative 

investigation allow the research propositions to be addressed in a rich and rigorous 

way, and serve to guide clearly the final conclusions.

This combination method is one based upon wide agreement. Researchers such as 

Bryman [136] Burgess [137] and Denzin [138] suggest that the best way to carry out 

research in areas where people are involved is to use a combination of qualitative ad 

quantitative techniques. Simon et al [139] assert that the use of both quantitative and 

qualitative techniques help to obtain a clearer picture o f reality making sense, and 

answering many o f the questions raised by the critics o f traditional empirical 

research. Also believes in the strength of using more than one technical in a study 

and states that the various strategies are not mutually exclusive. The previous
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arguments have helped contribute to the decision to combine qualitative and 

quantitative methods in this study. A use of either quantitative technique alone in the 

thesis would not have been substantial due to the nature o f the research questions 

and propositions. Relying solely on laboratory experimental work would have 

resulted in a lack of survey information on why and how quality changes in quality 

products at different recycled stages and the selling o f recycled products measures 

were made.

3.4. Research design

There are many definitions of research design offered by various researchers or 

authors. Kerlinger [140] defined research design as a plan and structure of 

investigation so conceived as to obtain answers to research questions. The plan is the 

overall scheme or program of the research. It includes an outline of what the 

investigator will do from writing hypotheses and their operational implications to the 

final analysis of data. A structure is the framework, organisation, or configuration of 

the relations among variables o f a study. A research design expresses both the 

structure o f the research problem and the plan o f investigation used to obtain 

empirical evidence on relations o f the problem. According to Blumberg [21], the 

essential element of research design provides a guideline to the kind of answer the 

study is looking for, methods to be applied to find them, techniques to be used to 

gather data, kind of sampling to be used and how will time and cost constraints be 

dealt with [21].

3.4.1. Observation

An observation consists of the systematic gathering, recording and analysis of data in 

situations where the method is more appropriate (usually in terms of objectivity and 

reliability) and able to yield concrete results. The major advantage and disadvantage 

o f  observation as a research method is that it is very largely a ‘real time’ activity 

[141]. While the participant observers role offers a degree of insight into a situation 

unlikely to be found in any other method (particularly when the researcher is also 

counted as an employee of the company under investigation), the role can be both
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physically and psychologically exhausting, with issues of ethics and confidentiality 

to consider as well. At the other end o f the scale the pure observer is rather detached 

from the situation under study, and often looked upon with suspicion by those being 

observed. Therefore, the researcher is unlikely to understand truly what is happening 

in the situation and why things happen. In addition, any form o f observation entails 

(quite difficult to attain) high level of cooperation by many members of an 

organisation and the organisation as a whole, (for political as well as practical 

reasons) [141].

3.4.2. Experimentation

An experiment is usually a process o f  controlling all the variables so that by varying 

one while holding the others constant, the effect of the input variable upon the output 

variable can be determined [141]. It follows that a basic requirement for the conduct 

o f an experiment is that one must be able to specify all the relevant variables. 

Experiments are usually undertaken to determine if there is a causal relationship 

between the variables under investigation.

3.4.3. Survey research

Baker [141] describes a survey research as a systematic gathering of information 

from a sample of respondents for the purpose of understanding and/or predicting 

some aspects o f the behaviour o f the population of interest. Consideration of these 

definitions indicates that surveys are concerned with:

• Fact-finding.

• Asking questions.

• Persons representative o f the population of interest.

•  To determine attitudes and opinions.

• To help understand and predict behaviour.

Pinsonneault and Kraemer [135] defined survey research as a quantitative method, 

requiring standardised information from and or about the subject being studied. It 

has three distinct characteristics. First, the purpose of the survey is to produce
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quantitative descriptions of some aspects o f studied population. Second, the main 

way o f collecting information is by asking people structured and predefined 

questions. Third, information is generally collected about a fraction o f the study 

population, called a sample, but it is collected in such a way as to be able to 

generalise the findings to the population. Hart [142] states that the survey research is 

the most usual form of primary research undertaken and attributes its popularity to 

the following factors:

i) Survey research provides the researcher with the means o f gathering 

qualitative and quantitative data required to meet such objectives.

ii) One o f the greatest advantages o f the research is its scope; a great deal of 

information can be collected from a large population, economically.

iii) Survey research confirms to the specification of scientific research; it is

logical, deterministic, general and specific.

Alreck and Settle [143] considered that the main advantages o f survey research are 

as follow; comprehensive, customised, versatile, flexible and efficient.

Comprehensive means that the method is appropriate to almost all type o f research,

where as the other four advantages are closely interrelated and boil down to the fact 

that one can design surveys to suit all kinds o f problems and budgets.

3.4.4. Data collection methods

The choice o f data collection method, such as postal questionnaire, email 

questionnaire, telephone interview and face to face interview, is significant because 

it also affects the quality and cost o f data collected [135]. The major methods 

associated with qualitative data collection are interviews, observation and these 

methods was using also in this study.

Diary methods, while the principal methods associated with quantitative data 

collection are postal questionnaire and online (web page-based) questionnaire 

surveys. Each method has a range o f options, primarily linked to the objectives of 

the research, and each has its strengths and weaknesses. Table 3.2 summarises the 

main range of the major methods [144].
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Table 3.2 - Main ranges for qualitative and quantitative data collection methods [144].

Methods
Main Range

Face-to-face
interviews

Highly formalised and free-ranging 
conversation.

Observation Observation alone, participant observation 
(Whether implicit or explicit).

Diary
Simple journal/record 

o f events, personal journal recording 
perceptions, feelings, reflecting, insights etc.

Postal questionnaire Factual and closed (e.g. yes/no).

Web page-based 
survey Factual ,close-end.

Telephone survey Spontaneous, scheduled appointment.
Survey (both 

interview 
and questionnaire)

Stratified sample, random sample or selected.

Moser and Kalton [145] described five methods o f data collection as follows: 

documentary sources, observation survey, postal questionnaire survey, interviewing, 

and combinations of the above. According to Moser and Kalton [145] and Fowler 

[146], the choice of collection methods depends on the research topic, the sample 

frame, characteristics of the sample and resources. It is clearly one of the most 

important decisions in this study as it has implications for the rate o f response, the 

survey instrument and the survey cost.

The survey research using postal and online questionnaire approach of this thesis is 

presented, as shown in Fig.3.3.
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Fig.3.3: Survey research using postal and online questionnaire approach.
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3.5. Designing the Survey Instrument

The survey questionnaire in this study was developed based on previous relevant 

empirical studies found in literature. Where possible, the study would make use of 

frequently used and tested measures and indicators as well as questions. These steps 

are necessary to address the issue of reliability and validity raised [146]. The 

questionnaire was destined to capture information about the recycle practices and the 

implementation level o f the recycling process in plastic industry. The questions have 

been divided in to three sections as would be described below in the questionnaire 

content:

• Company profile.

• Recycling o f plastic materials.

• Marketing and sale o f recycled products.

This study concerns plastic materials arising as a result of scrap and runners. Also 

the survey questionnaire involves some traditional thermoplastic materials, such as 

PP, PS, PVC, etc and some of the designs key questions have been used in the three 

optimum recycle stage, first recycle, second recycle, and third recycle. Some survey- 

designed questions were related to some variables such as “Increased, Decreased, No 

Change“, communication techniques questions have been used for variable questions 

to obtain new information, which would be optimal for, the plastic industry.

3.5.1. Survey Objectives

A survey is a systematic method used to collect data from more than one source to 

answer one or more questions typically arranged on same form of questionnaire 

[146]. The survey is the heart of this study; to decide which recycled stage is the 

most efficient in production of top quality plastic. Recycling of plastic materials is 

widely used and processes are currently in place, to gather information from the 

plastic industry. Performance details from traditional thermoplastic materials have 

been used to prepare the required questionnaire on the recycling process. 

Comprehensive data has been collected from the plastic industry for analyses by 

Statistical Package for the Social Sciences (SPSS) software. This study used two
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techniques to obtain good responses. The first postal survey was carried out in the 

Republic of Ireland and United Kingdom. The secondly survey was conducted 

online. This study attempts to analyse obtained by the data survey from the plastic 

companies. The survey objectives are as follows:

■ To determine the percentages o f rejects from thermoplastic for each different

plastic materials.

■ To determine the percentages o f recycling materials which have been used.

■ To determine which process inputs increase or decrease the quality of

recycling products.

■ To determine which recycling stage has indicated increased or decreased

quality o f the recycled product.

■ To determine what percentages are affected by the sale of recycled products.

3.5.2. Coverage of Survey

The target coverage, for this survey is the plastic manufacturing industry sectors.

It is worth noting that many companies are involved in activities appropriate to two 

or more industrial sectors. According to custom and practice using the Kompass 

system a company is classified according to the principal activity, for selected plastic 

companies from the Republic of Ireland and United Kingdom, under the following 

headings;

• Products and service group: Ireland and UK Kompass directory.

• Total number o f companies: 200 companies.

• Description: Kompass database to selecte Ireland and UK companies 

independently. The Kompass system is a marketplace for business and has served 

European business and industry for some fifty years. Its usefulness has caused it to 

grow continuously from its origin in Switzerland to its present coverage of more than 

sixty countries in all continents [147] and [148].

• Nature of Business: Manufacturing o f plastic.

• Number o f employees [21-50; 51-100; 101-250; 251-500; 501 upward].
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• Mould equipment: injection moulding, extrusion moulding and blow 

moulding.

3.5.3. Limitation of postal questionnaire survey method

Disadvantages o f this method of information gathering include the low response rate 

and lack o f interaction between researcher and respondents [145]. Since a 

questionnaire survey should be viewed, as in this case, as an important instrument of 

research and a tool for accurate data collection, an effective questionnaire has 

therefore to be carefully designed, to eliminate as far as possible the disadvantages 

involved, and to elicit a positive response from the respondents.

According to Walker [30] researcher should be clear about the reasons why each 

question in a questionnaire is asked in justifying: i) the purpose o f asking it; ii) its 

format; and iii) the manner in which data gathered will be analysed. Whitman [121] 

and Czaja and Blair [150] identified several important factors and procedures any 

questionnaire design should take into consideration when designing questionnaires, 

which are as follows:

- Question is clear and unambiguous,

- Wording o f questions.

- Formatting the questionnaire.

- Length of the questionnaire.

These important factors are also cited as by Sudman [151] and Fink [152], An 

inexperienced researcher would regard this as the easiest part of the survey design 

[152]. The research employed in this study involved designing a postal survey 

questionnaire and web-based survey and mailing them to the manufacturing 

companies in the plastics industry. As a general rule, experts recommend asking 

continuously “why am I asking this question” for every question and to be able to 

tie-in with the objectives of the survey. Apart from the above, the guidelines 

proposed by Sudman [151] and Fink [152].

3.5.4. Steps in questionnaire construction
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Questionnaires are constructed in a very sophisticated and systematic way. The 

process o f construction goes through a number of interrelated steps, and offers the 

basis for the research stage to follow. According to Sarantakos [23] the following are 

commonly mentioned steps of questionnaire construction:

Step 1: Preparation

In the first place, the researcher decides on the most suitable type of questionnaire 

and determines the way it will be administered. As well, a search of relevant 

questionnaires that might have already been developed by other investigators is 

undertaken. If suitable questionnaires are founds they can either be adopted for the 

study or used as guides in the construction of a new questionnaire.

Step 2: Constructing the first draft

The research formulates a number o f questions, usually a few more than necessary, 

which directly relates to aspects o f the research topic.

Step 3: Self-critique

These questions are tested for relevancy, clarity and simplicity, as well as for 

complying with the basic rules o f questionnaire construction.

Step 4: External scrutiny

The first draft is then given to experts or to persons with practical expertise in the 

area of investigation, for scrutiny and suggestion. The critique offered by the experts 

will be considered and eventual changes are implemented.

Step 5: Pilot test

In most cases, a pilot study is undertaken to check the suitability of the 

questionnaire. A small sample is selected for this purpose and the respondents 

requested to respond to the whole o f the questionnaire. The results are then analysed 

and interpreted.

Step 6 : Revision
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The pilot test usually results in some minor or major changes. If the changes are 

minor, the researcher will proceed to step 3.8.2.

Step 7: Formulation o f  final draft

In this final draft, apart from implementing the suggestion derived from the pilot test, 

the researcher works on editing the text, checking for spelling mistakes, instructions, 

layout, space for response, pre-coding and general presentation o f the questionnaire 

to Sudman [151]. Apart from the problem of response error that has a bearing on the 

reliability and validity of the survey and consequently the research study, the 

problem of low response rate has always been a major cause o f concern to any 

researcher. In general, it is believed that the factors that contributed to the relatively 

low response in this postal survey questionnaire are:

i) The length o f the questionnaire, which contained a list o f specific and many

closed-form questions.

ii) The time pressures on the managers (that is, a lack o f available time)

iii) A lack of knowledge regarding the questions being asked.

iv) Fearing that handing over such information may negatively impact on 

his/her company.

These reasons are similar to those often cited in literature for similar studies [153], 

[154], [155] and [156]. According to Moser and Kalton [145], it is not the loss in 

sample numbers that is serious, but the likelihood that the non-respondents differ 

significantly from the respondents. There are various types o f non-response and 

some will be mentioned below:

i) Companies outside the population.

ii) Companies refusing to co-operate.

iii) Change of address or wrong addresses.
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3.5.5. Questionnaire content

Basically, the questionnaire is a set o f questions used to capture the experiences and 

the practices of the organisation with respect to its recycled thermoplastics. A total 

o f twenty-three questions, which has been classified into three sections:

a) Section A: General information

This section contains five questions (Questions A1 to A5). This covers the 

information concerning company characteristics in terms of type o f industry, 

ownership status, and number of years in operation, number o f employees, methods 

of processing plastics, approximate turnover and achievement awarded. The industry 

or manufacturing group classification is similar as classified in KOMPASS [147] 

and [148]. A numbers of five digitals are used for coding of the responses in this 

survey.

The main purpose o f these questions is to gather information about the company 

characteristics and background. The information from this section will be used to 

find if there is any correlation between company background and other variables 

measured such as level o f recycling technology practice in Irish and UK in plastic 

industry.

b) Section B: Recycling o f plastic materials

This section contains fifteen questions (Questions B1 to B16). It covers the 

information concerning the level o f recycling, the integration level, use o f advanced 

manufacturing technologies, as well as the obstacle and the motivation of 

implementing automation in the production line.

The information from questions B1 (invest in the recycling o f rejects), B3, B4 and 

B7 (percentage o f rejects), B5 (recycling introduced), B6 (level of recycling varies 

by unit operation) and B8 (input parameters) will be used to examine the level of 

recycle process and integration with several stages affected on the quality, cost, 

productivity. As for the questions B l l ,  B12and B13 (type o f quality, cost, 

productivity used), BIO (economic benefits), B14, B15 (reduce the quality), will be 

used to understand the complexity o f production and recycled process technology
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used in the company. The data will be used to find if there is any correlation between 

the level o f products and recycled practice as well as with other variables measured. 

This information is linked to the testing of hypothesis H land H2. As for question B9 

(obstacles o f implementation of why recycling was not used in each year), the data 

will be used to understand the issue of implementation and employee resistance to 

quality change, as has been presented in chapter two.

c) Section C: Marketing and sale o f recycled product

This section contains six questions (Questions C l to C6). In the first part (Questions 

C l to C2), it covers the information concerning these involved in the sale of 

products. The questions are referred to the (Questions A2, B1 and B2). In the second 

part (Questions C3), the percentage of profits comes from the sale of recycled 

products. It investigates the issue of troubleshooting methodology used, major 

breakdown occurred according to the area, technology and implementation stages, as 

well as the availability o f recycle manual. The questions C 4 (How has the sale of 

recycled plastic materials affected sales), C5 (market benefits of recycling) relate 

with the (BIO), question, and C6 (rate the cost o f each recycling process at different 

stages. This information is linked to the testing of hypothesis H3. As for the 

questions concerning the several traditional o f plastic materials such as (PP, PS, 

PV C .. .etc), that is, questions B5 to B13, C4 and C6, the limitation of these questions 

is four years as questions (B5, B9, BIO and C4, C5), from (2001 to 2004) were 

developed and adopted based from previous study on recycle implementation in 

manufacturing plants, conducted by (PACIA) in Australia [38].

The limitation o f this question is that the answer will be described based on the 

respondent’s opinion. Thus, this question could be very subjective and will be 

treated with caution [156]. The information from these questions will be used to 

examine problems or obstacles faced by the recycle function. In addition, the data 

will be used to examine how important the process factors are in affecting the overall 

function o f quality o f products. This information is linked to the testing o f the third 

hypothesis, H3.
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d) Re-contact

At the end of the questionnaire under “RE-CONTACT” section, the respondents 

were queried on their willingness to participate and be contacted again in case some 

further information was required. The respondents are requested to specify the 

preferable mode o f further contact as well as: through: email, questionnaire or 

interview.

3.6. Processing the Survey

The questions included in the survey were reviewed to ensure that they were all 

linked to the objective o f the study and are easy to understand. A cover letter (refer 

to Appendix A) was printed using the official letterhead o f DCU Mechanical and 

Manufacturing Engineering School, Ireland, and signed by the head of school and 

the supervisor. The letter was written to explain the purpose and the benefit of this 

study to the participants. This letter also informed the participants that the 

information will be treated as strictly confidential. As a token of appreciation and to 

encourage better response rate, a lucky draw was conducted for all the respondents 

who completed and returned the survey questionnaire (refer to Appendix A).

3.6.1. Questionnaire layout

The postal questionnaire survey materials in question were printed in booklet form, 

(refer to Appendix A). The questionnaire has eight pages, which was divided into 

three sections: general information, recycling o f plastic materials, marketing and sale 

o f recycled product. A cover letter, a reply postage paid envelope and description of 

lucky draw competition also included in the envelope, which was delivered using a 

post.

3.6.2. Pre-test and pilot test

It is acknowledged that by its nature, the survey methodology selected to carry out 

this fact-finding or collection o f information is difficult to administer, bearing in 

mind the many factors to be considered in carrying out a sound survey. Thus, in 

accordance with standard practice of professional survey bodies and due to its wide
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use in research surveys, pre-test and pilot test surveys are carefully carried out in this 

research. The purpose o f conducting (a pre-test pilot test) was to test the 

questionnaire before embarking on the complete study. The aims of this pilot study 

were to test the approach used to solicit participants and to test the survey instrument 

itself. In fact, a pilot study was made to access content validity, where few 

questionnaires were administered to leading practitioners and academicians [157, 

153].

In this study, a pre-test of the survey questionnaire was conducted on a number of 

occasions. Sample questionnaires were given and discussed to peers and academic 

staff in Dublin City University industrial experience, and have finally been revised 

by the research supervisor. The purpose of this approach was to identify if any 

obvious issues had not been addressed within the survey or if there were any 

mistakes in the questionnaire. This ensured that the questions were easy to 

understand and simple to answer. Different opinions and comments of the 

respondents were used to determine whether the final draft of the postal 

questionnaire was acceptable. As for the pilot test exercise, the survey questionnaire 

was sent to selected companies (ten companies in Ireland and UK). The main 

objective was to check the suitability and the relevancy o f the questionnaire [23]. 

The respondents had also been asked to make their own comments on the design of

the questionnaire. In this pilot test, comments were received from four respondents.

There are several reasons for conducting the pilot survey [145]. These are as follows:

1. Test the adequacy of the Kompass database.

2. Show some proof o f the variability o f the subjects in question.

3. Provide an estimate of the probable non-response rate.

4. Test the suitability o f the method of survey.

5. Test the adequacy o f the survey instrument,

6. Review the questions.

The pilot survey, often dubbed as the dress rehearsal and a standard practice by 

many survey practitioners, was selected using a table of random numbers [158], 

Based on this selection, ten companies were randomly selected from the target 

population list. The pilot survey was conducted on the Thursday, 17th February 2005. 

Closing date for the returns was fixed the 1st March 2005, giving the respondent a
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total of 12 working days to complete. Four questionnaires were returned, of which 

one understood and answered all the questions in questionnaires. This is shown in 

Fig.3.4. It is important to observe that the letter accompanying the questionnaire was 

signed by the supervisor and included also the official letterhead.

Fig.3.4: Comparison of responses in pilot survey.

3.6.3. Main survey

At the very heart of this research is the main survey. After all the questions were 

revised, the survey questionnaires were sent directly to the production or quality 

manager of each plant. It was sent to two hundred companies in Ireland and UK. The 

research employed in this study involves designing of a postal-survey questionnaire 

and mailing it to 30 manufacturing firms in the Republic o f Ireland and another 170 

were mailed to the United Kingdom. Similar were used for the web-based survey 

and this is discussed in detail fighter 3.5 which illustrates the responses rate o f the 

surveys sent to Ireland and UK questionnaire

200

Ireland United Kingdom

Nubmer of Company (s)

Fig.3.5: Shows the response rate of the survey sended to Ireland and

United Kingdom.
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A reminder questionnaire was sent by official letter (refer to Appendix A) two 

month’s post initial questionnaire, to those who did not reply back to the 

questionnaire. Returned replies were collected directly from the school office for 

data key-in and data processing. Reminders of the first questionnaire were 

distributed after about a two-month period.

Data collection has been completed by survey methods and some statistical tools 

have been used for the data analysis; such as frequency, cross -Tabulations and 

correlation techniques, which have been used to identify the relationship between 

some variables. Pie and bar chart were plotted.

The main survey was conducted on the 2nd March 2005. Closing date for the returns 

was fixed for the 31st March 2005. Considering the large number involved in the 

plastic manufacturing industry in the Republic o f Ireland and United Kingdom, the 

overall response was set low for the first survey. The companies who did not 

respond to the survey and questionnaire were sent reminders by official letter. 

Fig.3.6 shows the response number for first and reminder survey in both countries. 

This method is more often used to collect information from several companies 

located around the world and may be used by one or more directors, depending on 

the size of the companies, to obtain comprehensive information on various topics. 

The advantage of this survey technique is the ability for asking more in-depth 

questions which may not be obtained by a personal interview. The benefit of using 

this method is the relatively short time to collect comprehensive information details.

Fig.3.6: Shows the response number for first and reminder survey in Ireland and

United Kingdom.
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3.6.4. Response Rate

This study focuses on the data analysis o f the plastic industry questionnaire. In this 

survey, the questionnaire itself was sent twice (main questionnaire and reminder, as 

mentioned above) to the sample population. Table 3.3 shows the total number of 

response rate, for Ireland and the United Kingdom. The response rate of the main 

and reminder questionnaire, in Ireland and the United Kingdom was a total of 15.5% 

and 18%, respectively, as shown in Fig.3.7.

13 Fust Qiesticrmaire

15.5% I  Ruiiiidr ÇUsticmure

s ' □ Total

f

6 6 .5% V -7

Fig.3.7: Total o f response rate o f the first and reminder questionnaire in Ireland and
United Kingdom.

Table3.3: Response rate for Ireland and 1Jnited Kingtlom.

Type o f respondents Ireland UK Total

No. o f Survey Sending 30 170 200
First Response 9 22 31

Second Response 7 29 36
No. of Total Survey Response 16 51 67

% of First Response 30 12.9 15.5
% of Second Response 23.3 17 18

% of Total 53.3 29.9 33.5
Total None Response 14 119 133

% of Total 46.6 70 66.5

In the traditional survey, a total of 200 manufacturing plastic companies were 

selected, and one questionnaire and one reminder distributed.

Fig.3.8 illustrates the total response rate of the traditional postal survey. The total 

was about 33.5%, as shown in Fig.3.9.
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Fig.3.8: Shows the total response rate in Ireland and the United Kingdom.

Fig.3.9: Response rate in the traditional postal o f the first survey and reminder in

Ireland and the United Kingdom.

3.7. Reliability and Validity

If a measuring instrument is developed or found in the literature, how do we assess 

its quality for use in research? To answer this question, according to Punch [22].

3.7.1. Reliability

Reliability is a central concept in measurement, and it basically means consistency. 

There are two main aspects to this consistency [141]. First, consistency over time
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means the stability of measurement over time, and it is usually expressed in the 

question; if  the same instrument was given to the same people, under the same 

circumstances, but at a different time, to what extent would they get the same score? 

To the extent that they would, the measuring instrument is reliable, otherwise it is 

deemed unreliable. Second, internal consistency reliability relates to the concept- 

indicator idea of measurement. Since multiple items are used, the question concerns 

the extent to which the items are consistent with each other, or all working in the 

same direction. This is the internal consistency of a measuring instrument. Various 

ways have been devised to assess the internal consistency. The best knowns are the 

coefficient alpha techniques [141].

3.7.2. Validity

A second central concept in measurement is validity. One view of it’s meaning is the 

question: how do we know that this instrument measures what we think (or wish) it 

measures? In this view, measurement validity means the extent to which an 

instrument measures what it is claimed to measure; an indicator is valid to the extent 

that it empirically represents the concept it purports to measure [141].

Content validity focuses on whether the full content of a conceptual description is 

represented in the measure. Neuman [159] explained that a conceptual description is 

a space, holdings ideas and concepts, and the indicators in a measure should sample 

all ideas in the description. In this study, to access content validity, a pilot study was 

made and questionnaires were administered to leading practitioners and 

academicians. Based on their feedback, the final version of the questionnaire was 

sent to the participants. Therefore an experimental pilot study was made and results 

were carrying analysed using Design o f Experimental (DoE) software to predict and 

optimise the data obtained from injection mould HM7, furthermore using valid 

inference in some data o f experimental work at different recycled stage to establish 

validation. In criterion-related validity, an indicator is compared with another 

measure of the same construct in which the research has confidence. In this context, 

Zeller [160] believed that no foolproof procedure to establish validity, and the 

validation methods used should depend on the situation. He advocated a validation
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strategy: a valid inference occurs when there is no conflict between messages 

received as a result o f the use of a variety o f different methodological procedure.

3.8. Data Processing and SPSS Statistical Technique

3.8.1. Data processing

On collection o f  responses, the process of editing and entering data into the 

computer is initiated. Pre-coding of questions ends this task. There are four main 

steps: establish database; data entry; data analysis and generate o f report and 

documentation. The data is divided into one file: Ireland and UK, so that the data 

could be analysed together.

3.8.2. Statistical Package for the Social Sciences (SPSS) Statistical technique

SPSS has scores o f statistical and mathematical function. SPSS is one o f the most 

popular statistical packages which can perform highly complex data manipulation 

and analysis with simple instructions and very flexible techniques to analysis data 

handling capability to select using several techniques such as descriptive statistical, 

contingency tables, reliability test, correlation, T-test, ANOVA, Regression and 

Logistic regression. The computer software used in the data entry and processing 

was SPSS (Statistical Package for the Social Sciences) for version 11.0. SPSS is 

one of the most widely available and powerful statistical software packages. SPSS is 

an integrated system of computer programmes designed for the analysis o f social 

science data. The system provides a unified and comprehensive package that enables 

the user to perform many different types of data analysis in a simple and convenient 

manner. SPSS allows a great deal o f flexibility in the format o f data. It provides the 

user with a comprehensive set o f procedures for data transformation and file 

manipulation, and it offers the researcher a large number o f statistical routines 

commonly used in the social sciences [161].

In SPSS, data-management facilities can be used to modify a file of data 

permanently and can also be used in conjunction with any of the statistical 

procedures. These facilities enable the user to generate new variables, what are 

mathematical and/or logical combinations o f existing variables, to record variables, 

and to sample, select, or weight specified cases [162]. SPSS enables the social
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scientist to perform an analysis through the use of natural language control 

statements. The text is a complete instructional guide to SPSS and is designed to 

make the system more accessible to users with no prior computer experience. SPSS 

will do three basic things for the user [161].

• It helps users to store and organise their data.

• It helps users to manipulate their data.

• It allows users to analyse this data using statistical procedures.

It covers a broad range o f statistical procedures that allow the users to summarize 

data (that is, compute means and standard deviations), determine whether there are 

significant differences between groups, examine relationships among variables (such 

as, correlation, multiple regression), and graph results (such as, bar charts, pie 

graphs).

3.9. Statistical Analytical Tools and Analysis

Quantitative research involves measurement, usually o f a number of variables, and 

across a sample. In addition to the usual descriptive statistics, simple frequency 

distributions, and cross-tabulations, SPSS used in this study contains procedures for 

analytical tools and analysis. It covers a broad range of statistical procedures that 

allows to summarise data (such as, compute means and standard deviations), test 

reliability and validity o f the data, determine whether there are significant 

differences between groups, as well as to examine the relationships among variables 

(for both ordinal and interval data). In presenting the statistical procedures contained 

in SPSS, the focus will particularly be on the statistical procedures and techniques 

that are used in this study.

3.9.1. Statistical terminology

In discussing this study, certain technical terms and statistic terminologies will be 

used. Many of them are self-explanatory, and require no special consideration. 

However, there are terms or terminologies, which are part of a somewhat, specialised 

vocabulary of statistical research. They are discussed here, to clarify their usage 

[141,163]. These terms and their short description are outlined as follows:
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•  Empirical

Empirical is a central term in this thesis. According to Ragin [164], empirical means 

that something (or its impacts) is observable, where ‘observation’ is broadly 

interpreted. The essential idea is to use observable, real world experience, evidence 

and information as the way of developing and testing ideas. He refers “Empiricism” 

as a philosophical position, which sees observation as the foundation of scientific 

knowledge. Punch [141] preferred the general term “data” to describe this evidence 

and information in a research context.

•  Data

The data is the measurements that are made on the subjects o f an experiment.

•  Statistic

A statistic is a number calculated on sample data that quantifies a characteristic of 

the sample.

•  Population

A population is the complete set of individual, objects or scores that the investigator 

is interested in studying. In an actual experiment, the population is the larger group 

o f individuals from which the subjects run in the experiment that have been taken.

•  Sample

A sample is a subset of the population. In an experiment, for economical reasons, the 

investigator usually collects data on a smaller group o f subjects that the entire 

population. Furthermore, conjunction with two group samples is used to determined 

data obtained from survey and experimental work.

•  Parameter

A parameter is level of questions calculated on population data survey that quantifies 

the characteristics of the questions respondent. Furthermore a parameter is a 

number calculated on experimental data that quantifies the characteristics of the
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quality o f experimental processes. As mentioned above, this research uses several 

parameters with three levels of recycled stages and each stage in the survey 

questions are has three scales.

•  Variable

A variable is any property or characteristic of some event, object or person that may 

have different values at different times depending on the conditions. Three variables 

are used in the investigation of this research.

•  Independent variable

The independent variable in an experiment is the variable that is systematically 

manipulated by the investigator. In most experiments, the investigator is interested in 

determining the effect that one stag has on one or more variables. Variable the 

recycling process is used as the independent variable in this research.

•  Dependent variable

The dependent variable in an experiment is the variable that the investigator 

measures to determine the effect o f the independent variable. Variable quality and 

marketing are the dependent variables in this research.

3.9.2. Frequency distribution

In addition to the mean, standard deviation and variance; frequency distributions are 

a useful way to summarise and understand data [141]. The individual scores in the 

distribution are tabulated, where absolute numbers and / or percentages may be used. 

The results can be presented as frequency distribution tables or as graphs such as 

histograms, bar charts, frequency polygons, pie charts or other graph forms. Fig.3.10 

shows a snapshot o f variable view of the SPSS page and Fig.3.11 shows a snapshot 

o f a statistical analysis by using frequency distributions.
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3.9.3. Cross tabulation

A cross-tabulation is distributions statistical techniques using the SPSS software to 

summarise and interpret data. Using cross-tabulation to examine relationship 

between two or several variables at the same time (nominal or ordinal), cross

tabulation statistical tests are available to determine whether there is a relationship 

between variables in a table. Furthermore, frequency distributions techniques using 

one variable at a time are used in order to partially describe data. Alternatively, 

cross-tabulations used to analyse the relationships between independent and 

dependent variables, what is, between defined problems and factors contributing to 

those problems. A cross-tabulation is used in this research to examine questions to 

identify the aim of the study [165]. The individual scores in the distribution are 

tabulated, where absolute numbers and / or percentages may be used. The results can 

be presented as distribution cross-tabulation as tables row and column. Fig.3.12 

shows a snapshot view of a statistical analysis using a cross-tabulation distribution.
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3.9.4. Reliability test for survey instrument

In this research study, an internal consistency reliability analysis was performed for 

the elements by using the SPSS “Scale Reliability Analysis” procedure. Reliability 

tests on the survey instruments were performed using the guidelines provided by 

Saraph et al [166]. Cronbach’s alpha (a) is one of the most commonly used 

reliability coefficients, which ranges in value from 0 to 1 to estimate the value of 

internal consistency [156,167]. Alpha is measured on the same scale as a correlation 

coefficient. The closer the alpha is to 1.00, the greater the internal consistency of 

items in the instrument being assessed [168]. The a  value can be calculated from any 

subset of the elements and it can provide the best illustration as regard to internal 

consistency. The coefficient a  was calculated for each elements. Saraph et al [166] It 

is also viewed that an a value of 0.7 and above are considered to be adequate for 

testing the reliability of the elements. Thus, it can be concluded that overall, the 

survey instrument has high internal consistency and reliability. Fig.3.13 shows a 

snapshot view of a reliability analysis using SPSS software as some questions exams 

reliability analysis, (refer to Appendix B).
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3.9.5. C orrelation analysis

Correlation is technical statistical analysis deals with the relationship between 

variables. If a relationship exists between two variables (a “predictor” and a 

“response”), then it may be possible to estimate the value o f the response, by using 

the value o f predictor. It is about determining the magnitude and direction o f the 

relationship [169]. It provides the researcher with a technique for measuring the 

linear relationship between two variables and produces a single summary statistic 

describing the strength of the association; this statistic is known as the correlation 

coefficient [170].

•  Correlation coefficient

Correlation is a topic that studies the relationship between two variables. A 

correlation coefficient can vary from “+1” (means the correlation is perfectly 

positive, that is, very a strong relationship between the two variables) to “—1” (means 

alternatively - the correlation is perfectly negative between two variables) whereas 

the relationship is nonexistent if the correlation coefficient equals “0” [162, 171].

•  Level o f  significance

A correlation is said to be significant if  it is greater than is likely to have arisen by 

chance. Two levels of significance are generally used; 0.05 or 5 per cent level and 

the 0.01 or 1 per cent level. The more significant a correlation is, the more confident 

one can be that there truly is a relationship exists between the variables [164, 171]. 

Multiple R, R2, and the significance o f the equation are also computed at each stage.

This statistical method provides types of statistical models including R-Square, 

analysis o f variance (ANOVA) and coefficients panel [172, 173]:

• R is a multiple correlation coefficient between the observed and predicted 

values o f the dependent variable. The values o f R for models produced by the
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regression procedure range from 0 to 1. Larger values of R indicate stronger 

relationships.

• R-Square is determination coefficient (model summary) is used to define the 

proportion of variability in the dependent variable that can be explained by 

changes in the values o f the independent variables. The values of R squared 

range from 0 to 1. Small values indicate that the model does not fit the data 

well. The sample R squared tends to optimistically estimate how well the 

model fits the population.

• The analysis o f variance (ANOVA) indicates whether there is a significant 

linear relationship between the dependent variable and the combination o f the 

independent variables (P-Test is used to test the null hypothesis that there is 

no linear relationship). The (P) statistic is the regression mean square divided 

by the residual mean square. If  the significance value of the (P) statistic is 

small (smaller than say 0.05) then the independent variables do a good Job 

explaining the variation in the dependent variable. However, if the 

significance value o f F is larger than say 0.05 then the independent variables 

do not explain the variation in the dependent variable.

3.10. Primary Data

In order to gather the required primary data, three main investigation techniques 

were considered in this research.

1. Personal interview and observation.

2. Mail questionnaire.

3. Experimental work.

• Personal Interview:

The personal interview involves face-to-face contact between interviewer and 

respondent. This technique has the advantage o f being the most flexible of the 

survey methods. During the interview itself, the presence o f the interviewer permits 

flexibility in procedure. The questioning can be adapted to the situation; further 

explanations or clarifications can be requested if desired. It also has the major 

disadvantages that the technique has the cost o f gathering the information and the
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time necessary to complete even a small survey. This technique was used as the 

beginner method in this study is to obtained comprehensive information related to 

this study. This data would be used for feedback and originations for second 

methods have been used to indicate ability and quality policy.

• Mail Questionnaire:

This method is used to collect information from several companies located around 

the world and may be used by one or more directors, depending on the size o f the 

company, to obtain comprehensive information on various topics. The advantages of 

this for survey technique is the ability to ask more in-depth questions which can not 

be obtained through a personal interview; the benefits o f using this method is less 

time to collect comprehensive information over a short period o f time. This study 

uses a mailed questionnaire to each selected individual company in the Republic of 

Ireland and United Kingdom. This method was established by one a two directors 

and also has been started as a pilot test sent to some Irish plastic company to 

complete the whole questionnaire in order to ensue the questionnaire is fully 

understandable and to get any suggestions for improvement in this study or to avoid 

any difficult questions. A survey of the literature has indicated that little work has 

been done to study the effects o f recycle processes on the product quality of plastic 

materials implementation at several recycling stages. Most o f the survey information 

survey was related to scraps collected from landfill and municipal.

• Experimental Work:

This method is a very important and tool involves process inputs parameters from 

the injection mould, HM7. The experimental work investigates the effects of 

recycling injection mould processing parameters such as moulding speed, barrel 

temperature and nozzle temperature, on mechanical properties o f recycle materials.

To carry out this work, different samples have been prepared from polypropylene 

(PP). The plastic materials have been recycled from raw materials in three stages. To 

carry out this optimisation, experimental design modelling has been applied. The 

data was plotted to show the optimum moulding condition to obtain the best
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properties. Experimental design modelling has been applied to study the effects of 

parameters during the injection moulding process. Recycling nature of plastic 

materials has been applied successfully to many traditional thermoplastic types.

3.11. Scaling of Responses

The outcome of this fact-finding survey is to compare the internal factors of the 

practices o f each recycling stage. This requires careful consideration in the 

questionnaire design. Scales are ways o f ordering possible responses to a question. 

There are four types of scales that may involve numbers, each with different 

characteristics that determine the suitability of applying statistical test, the types of 

scales are:

• Nominal scales
• Ordinal Scales

• Interval scales

• Ratio scales

1. A nominal or categorical scale is simply a set of categories, which may or may not be

numerically coded. There are many questions in this survey, depending on the type 

o f scale. An example of this is as follows:

• Question A5: Which of the following methods of processing plastic are used in 

your company? And the possible responses offered are: Extrusion, Injection 

Moulding, Blow moulding, Film Moulding, and other. This type of question has 

limited application and is used sparingly .It is possible to code these responses 

using letters or numbers

2. Ordinal scale; ranking the choices but without quantifying the magnitude of the 

difference. Example:

• Question B13: Which process parameters inputs reduce the quality of recycling 

products at each recycling stage? This type of question has limited application 

and is used sparingly.

3. Interval or Numerical scales; this has equal units of measurement that makes it 

possible to interpret not only the order o f the scales but also the magnitude of the
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distance between them. Example: question, B3 and B4: illustrated approximate

percentages o f rejects coming from the products? (Refer to appendix B).

4. Ratio scale; this is the most efficient method o f measurement which has the properties 

o f an interval scale and a fixed origin or zero points makes it possible to compare 

both difference in scores and the relative magnitude of scores.

Example:

•  Question B6: Approximately how many times does your company recycle the 

plastic materials? As can be seen from the above measurement scales, all effort 

in designing questions must be directed to design specific and discriminating 

questions that can help in distinguishing clearly one respondent from the other.

3.11.1. Response Time

The first response from the postal survey arrived at the mailbox within 7 days of 

sending the questionnaire to the companies, and two month later the reminder 

questionnaire was sent to them. There was a month waiting time for the response to 

the reminder .The total response was approximately 33.5% .The period of time 

required for postal survey was about four months. In this study the postal survey 

method were percentages higher than the web-based survey (on-line survey) [145].

3.11.2. Cost
In the traditional postal survey where the costs involved has been computed that is, 

paper, envelopes and postage costs, the total of cost for each questionnaire is about 

€2.20. This finding supports previous finding [174, 175], which concludes that the 

cost o f postal data collection is higher than online methods used.

3.12. Questionnaire analysis
The questionnaire involves three sections, and every section divided into some 

questions to obtained assistance information for develop and improve 

implementation of recycles process in plastic industry. And there are links for each 

section on the questionnaire.

A) Company profile:
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Question A 1: Ownership.

This question seeks information about classified ownership in plastic industries: 

Answers are sub-divided into three groups; Local, Mixed and Foreign. The 

respondent ticks where applicable to them.

Question A 2; How many years has your company been manufacturing plastic 

products.

This question enquires how long the company has been established in the 

manufacturing o f plastic materials. It is generally belived that the longer a company 

has been in operation the more difficult it becomes to accept change to ensure that 

resistance to change is minimal since these may hinder the introduction of recycling 

and efficiency improvement initiatives .In this question, there are five options:

• Less than 5 years.

• 6-9 years.

• 10-20 years.

• 21-30 years.

• More than 30 years.

Again the respondent ticked the most appropriate option.

Question A 3: Number o f employees on site.

Some experts believe that the number o f employees plays a crucial role in the 

development of quality. The quality o f recycling is inversely proportional to 

productivity and efficiency of its employees. Larger organisations with a high out 

put o f recycling ideally smaller o f employees. In this question, there are six options:

• Less than 50 employees

• 50-100 employees.

• 100-20 employees.

• 500-1000 employees.

• Over than 1000 employees.
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•  200-500 employees 

Respondent should tick the appropriate one.

Question A 4; approximately, how much did you spend training staff in recycling 

in recent years?

This question seeks to find approximately how much money has been spent in the 

company training staff in recycling in recent years, this question enquires about the 

level of money spent for the development of personal skills. Six options are provided 

over a four-year period (2001-2004).

• € 0

• € 1-4999

• € 5000-9999

• € 10,000-24,999

• € 25,000-49,999

• Over than € 50,00

The respondent should tick as applicable.

Question A 5; Which o f the following methods ofprocessing plastics, are used in 

your company?

This question seeks information on the kind of methods when are used in the plastic 

industry for each different thermoplastic material. The questions involve five options 

of mould process:

• Extrusion.

• Injection moulding

• Film moulding.

• Blow moulding.

• Others.

The respondent should tick as applicable.

B) Recvclins o f plastic materials:
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Question B1 Does your company invest in the recycling o f rejects?

This question is one of the most important questions. It seeks to cover information of 

the study, and this question is constructed so as to lead to other questions similar to 

question number B2.

This is to define the implementation and use o f recycling in plastic industry. There 

are two options to this answer:

• Recycle.

• None.

And the respondent should tick as applicable.

Question B2; If yes, how long has the company been carrying out recycling?

This question is raised to provide a comparison between question number A2. To 

this question, there are five options:

• Less than 2 years.

• 3-5 years.

• 6-9 years.

•  10-15 years.

•  More than 16 years.

Respondent should tick as applicable.

Question B3; On average what percentage o f rejects comes from  the process 

products offowling years in your company?

This question seeks information on the average percentage of plastic rejects coming 

from the thermoplastic process using traditional plastic materials within the last four 

years from 2001 -2004. Five percentages have been used in this question over the 

four year period to which provides the majority percentage from the plastic process. 

This question is crucial to define problems in this study. Less than 2 %, 3-5 %, 6-9 

%, 10-15 %, more than 16 %. The respondent should tick as applicable.
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Question B4: Approximately, how many percentages o f rejects come from the 

process o f recycled products?

This question is important to determine what percentages o f rejects come from 

thermoplastic process in the different materials and this study is indicated in tonnes 

for responses in different percentages. This question also defines the problems of this 

study, related to question number B3; a discussion on the percentages of which come 

from thermoplastic materials. This question is expressed in five different tonnes 

value for thermoplastic materials:

• Less than 200 tonnes.

• 200-800 tonnes.

• 800-1500 tonnes.

• 1500-3000 tonnes.

• Over than 3000 tonnes.

And in this question, different percentage options are also included: Less than 2 %.

• 3-5 %.

• 6-9 %.

• 10-15 %.

• More than 16 %.

Again, the respondent should tick as applicable.

Question B5: In which year was recycling introduced for the following plastic 

materials?

This question asks in which years recycling was introduced for the following 

untraditional thermoplastic, such as PP, PS and PVC. The question asks which 

materials are not recycled and are recycled over the four last years from 2001-2004 

and also to quantify which plastic materials were used during these years. This 

question is critical to quantify responses for the next question, B6. In this question 

there are two options:

• Recycled.

• None recycled.
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And the respondent should tick as applicable any unit, which has been recycled.

Question B6; How many times does your company recycle the plastic materials?

This question enquires how many times the company recycles the plastic materials. 

This question seeks information on the specific recycle process used in the plastic 

industry for each recycle stage. In this question there are four options; first recycling 

process, second recycling process, third recycling process and more recycling 

process. The respondent should tick where applicable.

Question B7; On average, in your company what percentage o f each plastic 

material is recycled?

This question seeks information on the average percentage of each plastic material, 

which is recycled coming from the various recycle stage that is, first recycling, 

second recycling, third recycling. There are three recycling stages provided in this 

question and five percentages used in each stage for each plastic material such as, 

PP, PS, PVC. This question is important to define the percentages and totals for each 

plastic materials used in recycle. For each recycling stage five options o f percentage 

are produced:

• 0%.

• 1-5%.

• 6-9%.

• 10-15%.

• >16%.

The respondent should tick for each recycling stage.

Question B8; In your opinion, which o f the following input parameters reduce the 

quality o f  recycled products in your company?

There are many obstacles facing manufacturers in implementing recycle materials in 

the plastic industry. This question seeks information on the obstacles, which reduce 

the quality o f recycled products in your organisation. There are three options to
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answer this question for each recycling stage for several plastic materials (PP, PS, 

and PVC).

• Process: An important factor in deciding to implement recycle materials is to 

organise technology systems. The process for recycling materials has important 

effect on the production of quality recycled products. This question is related to 

question number A5. The following methods of processing plastic; extrusion 

mould, injection mould, blow mould and film mould, and which ever process is 

used; internal factors such, as screw speed, barrel temperature, mould 

temperature. Mould shaping, nozzle temperature affect the recycle process and 

impact on the quality o f products. This question is related to question number, 

B14 and B15.

• Materials: Normally, a large quantity o f plastic rejects needed for the recycling 

process. Deformation testing on the recycled materials will decide the suitability 

of the business to introduce recycling. Also, carry out experimental work for 

mould plastic materials, PP, to determine the suitability stage of the recycling 

process. This question is related to question number BIO to the type o f several 

plastic materials is recycled.

• Personnel skill: is one of the major obstacles for implementation in recycling 

materials, based an a process system if  the organisation lacks competency and 

technically skilled, to affect the quality o f the recycled products for different 

levels o f recycling such as, first recycle, second recycle and third recycle .In 

order to over come this obstacle, the decision maker in the organisation has to 

organize training for staff before implementing a recycle process. The respondent 

should tick for each recycling stage.

Question B9: Choose the specific reason(s) why recycling was not used in each 
year.

Each factory or plant consists of several units and each one of these have a role in 

the production process. The decision to set up a recycling unit depends on several 

factors, such as quality, cost, value and staff skills. This question seeks information 

on the specific reasons as to why recycling was not used in each year from 2001- 

2004. And the following are the most likely reasons:
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• Cost o f recycling process.

• Change in properties of materials.

• Inadequate personnel skills.

• Cheap Raw material.

• Inability to distribution marketing.

• Reduction in quality.

• Low price sales.

• Decreased market in recycled products.

• Decrease quantity of productivity.

• Others

The respondent should tick where applicable.

Question B10; In your opinion what are the economic benefits of recycling plastic 

materials in your company.

Normally the implementation of traditional recycling o f thermoplastic materials 

increases gradually over the years due to development. This question seeks 

information on the economic benefits of recycling plastic materials within the last 

four years, and this question also relates to question number C5. In this question 

there are seven factors to answer, which affect the recycle plastic industry:

• Increased productivity.

• Maximizes Sales.

• Reduce process cost.

• Low cost products.

• Maximizes profits.

• More Competitive.

• Other.

The respondent should tick each year as appropriate.
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Question B ll:  For each plastic material, how is Cost affected by the recycling 

process?

The level of recycling in the plastic industry is largely dependant on the production 

process. The mould process has a direct effect on the end product; therefore the 

recycling of plastic materials uses several input parameters, which affect the process 

and thus cost. This question inquires about the cost o f the recycling process for each 

plastic materials, such as PP, PS and PVC and also enquires about the relationship 

costs of various materials in each recycling stages. For this question, every stage has 

been selected with three options:

• Increases cost.

• Decrease cost.

• No change in cost.

This question is related to question number C6, to decide which plastic materials 

most affects the recycle process at different recycle stage. This question is used as a 

guide to the cost of plastic materials at different recycle stages.

The respondent should tick for each recycling stage.

Question B12: For each plastic material, how is Productivity affected by the 

recycling process?

This study involves the benefit o f plastics rejects arising as a result of scrap, sprues 

and runners. This question investigates the productivity of the recycling process for 

each plastic material such as, PP, PS, and PVC. Also this question inquires about the 

relationship between productivity at each recycling stage. Eight plastic materials 

have been selected at three recycle stages; each recycle stage has three options:

• Increases productivity.

• Decrease productivity.

This question is related to question number C5, to decide which plastic materials has 

more productivity from the recycle process at different stages. This question is used
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to indicate the productivity o f plastic materials in different recycle processes. The 

respondent should tick for each recycling stage.

Question B13: For each plastic material, how is Quality affected by the recycling 

process?

This question inquires about how the quality of plastic is affected by the recycling 

process, for each plastic such as, PP, PS and PVC. The relationships between 

products quality at different recycle stages were investigated. Eight plastic materials 

have been selected at three recycle stages; each recycle stage has three options:

• Increases quality.

• Decrease quality.

• No change.

The respondent should tick for each recycling stage this question is related to 

question number B5. This question decide which plastic materials are more affected 

by the recycle process at different stages, and this question is used as a guide for 

which recycle stage has the most significant impact on the quality of plastic 

materials.

The respondent should tick for each recycling stage.

Question B14; When choosing a process, which one o f the following has an 
impact on your choice?
As mentioned in question B8, there are many obstacles facing processes to 

implement recycle materials. This question seeks information on the obstacles to 

implementation of recycling materials in the plastic industry. This question is related 

to question number B15. This question has indicated many different process 

parameters on the plastic process and which process parameters have the most effect 

on the mould products. To answer this question, the following parameters are given:

• Screw speed.
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• Barrel temperature.

• Mould shaping.

•  Mould temperature.

• Venting.

•  Injection pressure.

•  Nozzle temperature.

• Hydraulic.

•  Cooling.

• Moving piston rod.

•  All of the above.

This question seeks information on which process, a parameters impact on the 

implementation of recycled materials. And is used to determine which factors are 

important to recycling. This question is compatible to question number B8, and also 

has selected some process parameters, which reduce the quality o f recycled products 

in the plastic industry. The respondents are required to check all the parameters 

process, which applies in implementing recycling materials (such as, PP, PS and 

PVC). The respondent should tick as applicable.

Question B15: In your opinion, which o f the following input parameters reduce 

the quality o f recycled products in your company?

This question is concerned with the process factors, which affect the product quality. 

The there are four options to select, including; Screw rotation; Barrel temperature; 

Nozzle temperature and Mould temperature. The respondent should indicate which 

o f the above parameters reduces the quality of products for each recycle stage.

C) Marketing and sale of recycled products:
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Question Cl: Does your company sell recycled products?

This question seeks information on the sale of recycled products. This question has 

two-answer option; Sell recycles products and do not sell recycle products. This 

question relates to question number C2. This question is limited to those selling 

recycled products in the plastic industry. The respondent should tick as applicable.

Question C2; If  yes, how long has the company been involved in the sale of 

products

This question enquires whether the company has been involved in the sale of 

recycled products and this question is also related to question number Cl.This 

question also has a relationship to question number B2 and also a comparison to C2 

and B2, to definite the period o f the use o f recycles. This question has five answers 

are options:

• Less than 2 years.

• 3-5 years.

• 6-9 years.

• 10-15years.

• More than 16 years.

The respondent should tick as applicable.

Question C3: On average what percentage of profits comes from the sale o f 

recycled products?

Usually in such companies there is a finance strategy to develop the manufacturing 

operation and to reduce the cost. The question aims to define the percentage of 

company profits from recycled products:

• 2%.

• 5%.

• 10%.

• 15%.

• 30%.

• 45%.
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• More.

And the respondent should tick as applicable.

Question C4; H ow has the sale o f recycled plastic materials affected sales, during 

the following years in your company?

This question investigates the increase or decrease of the company sale rates 

considering the use of recycled plastic materials, during 2001-2004. The respondent 

should tick for each year as appropriate.

Question C5; What are the market benefits o f recycling in your company?

Normally, the implementation of recycling is part o f the development o f plastic 

industry. This question provides information on the market benefits on the use of 

recycling plastic materials over the last four years, and this question is related to 

question number B7. Nine variables to one or more, which affects the recycle plastic 

industry, are posed:

• Low price.

• Consumer Satisfaction.

• Increased Productivity.

• Maximizes Sales.

• Financial diversity.

• Reduced process cost.

• Maximizes profits.

• More Competitive.

• Others.

The respondent should tick each year as appropriate.

Question C6; How would you rate the cost o f  each recycling process?

This question seeks information on the relation between product price and the 

recycling process. Each recycle stage has three price options:

•  Low price.

•  Medium price.
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•  High price.

And this question relates to question numbers B llan d  B13. These questions are 

raised in order to give guidance as to which recycle stage attains the optimum price. 

The respondent should tick as applicable.

3.13. On -line survey

3.13.1. Introduction

Survey research has traditionally played an important role in many areas of the social 

sciences and business, such as, policy development, marketing and consumer 

research, health issues, educational practice, media, and political polling [176]. 

There are several methods that can be considered to collect data in survey research. 

Each has advantages and a disadvantage of classified methods o f collecting data in 

survey research divided into; mailed survey, telephone survey, personal interview 

face -to-face, and web-based survey [177]. Over the last decade, electronic surveys 

have evolved from disk -by-mail survey, to e-mails with embedded or attached 

surveys and finally to web-based surveys posted on the internet [178]. With web- 

based survey, participants are usually notified by e-mail to participate in the survey 

[179]. Internet based technology, such as the world wide web (www) is fast 

becoming accessible to large segments o f society. Usage is doubling every year with 

a current estimate of one in six people using the internet in North America and 

Europe [180]. In this research studying the field of recycling process of plastic 

materials in the plastic industry is implemented through data collecting, 

questionnaire survey post and web-based survey method as mention above. The two 

methods (paper questionnaire and web-based survey) are implemented.

3.13.2. Brief history of on-line survey

Beginning in the late 1980 and early 1990, prior to the widespread use of the web, e- 

mail was explored as a survey mode. As with the web, today, e-mail offered the 

possibility of nearly instantaneous transmission o f surveys at little to no cost. E-mail 

surveys tended to resemble the liner structure o f a paper survey and were generally 

limited in length furthermore, because e-mail surveys were primarily text-based. The 

only significant advantage they offered to increased response rates [181, 182]. The
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web started to become widely available in the early-to mid-1990, and quickly replace 

e-mail as the internet survey medium o f choice. For convenience sample, the web 

also offered a way around the necessity o f having to know respondents e-mail 

addresses [183].

3.13.3. Coverage of on-line Survey

The target population that is the population for which the results are required are 

some Irish manufacturing and United Kingdom companies within plastic industry 

sector. In order to ensure that the survey was easy to complete, a pilot study was 

undertaken in our department with how many participants. During the pilot testing 

phase, the average time to complete the on-line survey was about 10 minutes.

In order to ensure that the survey was easy to understand and complete by 

respondent. Fig.3.14 shows a snap shot o f the online questioner and Fig.3.15 and 

3.16 shows question page and thank page.

F*b Vo** Fgvntw Jodi ftefci BäTijjf

*♦ J  ü  $ 4* » * *  J  -_V _> V5 ' _zl -  j

SURVEY QUESTIONNAIRE
:

Study on the recycling of plastic materials
The questionnaire is divided into three sections', Section A: Company profile; Section B: Recycling o f 

j I plastic matem i l s ;  Section C: Marketing and sale o f Recycled products.

All the information will be treated strictly confidential and thank you for your co-operation with this 
, survey.

(Please note that; this study concerns with plastic rejects arising as a result of scrap or damaged 
product*, sprues, runners»)

Please answer all questions and then press submit button.

Company name 1

Location I

«JjCw» Hr c o w e r 1

Fig.3.14: Snap shot view o f online survey questionnaire.

This study used the <http://www.response-o-matic.com> website, which is a free 

time-saving form processor for html authors who want to add forms to their web
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pages. The link to the survey <http://student.dcu.ie/~elgamml2/> was sent to the 

respondents who were asked to complete the questionnaire on-line. Once the 

questionnaire was completed, the respondents clicked the submit button. Therefore, 

the contents o f the questionnaire forms were directly sent to response-o-matic 

processing engine, which sends the answers to a specific email address.

-inixl

" - J <2 .j
l l 'l ~Ej

S E C T IO N  B: R C Y C L IN G  O F  P L A S T IC  M A T E R IA L S  

B I -  D o es  y o u r  co m p an y  in v e st ui the  recy c lin g  o f  re je c ts?  

r- Yes r  NO

B 2- I f  y e s , h o w  long  h as  th e  co m pany  been  ca rry in g  o u t recyc ling?

<2 years 1 3-5 years ■ 6-9 years 10-15 years >16 years

B3- O n  a v e ra g e  w h a t p e rce n tag e  o f  re jec ts  co m e from  th e  p ro c e ss  p ro d u c ts  o f  fow ling  y e a rs  in y o u r  company?
Years I 3-5 % 10-15% 16%
2001 r r r r r
2002 r r __r___ __r r
2003 r r r r r
2004 - r r r

B 4- A pproxim ately, h o w  m any percentage o f  rejects co m e from the process o f  recycled  products?

■I

Fig.3.15: Snapshot view of question page.
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LLLL

EPS r r  1 r r  r  r  r
ABS r  r  r r  r r  r  r  r
PET r  r  r <- r- r  r  r  r
Other r r  r

LLLL

M a n y  thanks f o r  y o u r  p a tien ce ; y o u r  kittd co o p eratio n  is  v e ry  m uch a p p r ec ia te d

RE- CONTACT

In ca se  w e  n eed  to get som e further inform ation on the ab ove study, are y ou  w illing to b e  participate 
and be contacted  again, r  Y es NO

It y e s , p lea se  sp ecify  r  E-mail f

r  Further questionnaire Interview

Click to submit th* survey j Hotl tntnai |

•JCMr* a --r c ™ -

Fig.3.16: Snapshot view of thank you page.
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Fig.3.17 and 3.18 shows the sector o f the questionnaire related to the plastic 

industries in the republic o f Ireland and United Kingdom.
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Fig.3.18: Snapshot view of kompass o f plastic industrial in UK.
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3.14. Experimental Procedure

3.14.1. Introduction

The present research investigates an innovative optimisation of the process input 

parameters to produce final products with good quality at minimal cost. In this work, 

injection mould machine HM7, was used to produce samples of raw and recycled 

polypropylene (PP) plastic materials. Several recycled stages were implemented. The 

material properties were evaluated in order to decide which recycling stage could achieve 

optimum properties of yield strength (Y) and ultimate tensile strength (UTS). The results 

obtained are used to compare the effects of the input process parameters on the output 

properties. There procedures used to compare different samples under various different 

conditions are outlined in the current chapter. The injection mould facility used in the 

current research is a manually controlled continuous process using various input 

parameters.

This chapter details the material, equipment and procedures which were used in the 

experimental and validation procedures, along with the parameters, the process and the 

characterisation equipment implemented the process parameters used in the experimental 

research is shown in Fig. 3.19. The injection mould (HM7) is described, along with the 

design of mechanical properties tested and analysed using Design of Experimental (DoE). 

A calibration test was performed of each recycling stage. In addition, evaluation of the 

input process parameters was performed using various measuring equipment. The 

procedure used to conduct these measurements is also presented.

In the present research, a detailed formulation was given of the simulation process of the 

injection moulding machine and reviews of the input process parameters along with the 

resultant property change of the plastic samples. These were conducted though eight tests 

in each recycled stage and second exponential at each recycled stage as shown in chapter 

six, conducted with the additional percentages of raw PP in the each stage. To optimise 

the response y and UTS; the ultimate goal is achieved through optimising the values of 

the three input parameters in each recycled stage.
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3.14.2. Description of Injection Moulding HM7

A systematic of the injection-moulding machine, model HM7 used in the present 

research, is shown in Fig. 3.20 and 3.21. Table 3.4 shows the performance specifications 

for type HM7. This machine is equipped with a standard call-type liquid crystal control 

system and a parts feeder for moulding assembly lines using extra small products. This 

machine is the smallest-of-its-type. Table-top in-line injection moulding machine exhibits 

specific functions such as low-pressure mould closing, variable screw rotation and 

continuous hydraulic ejection; permitting its use for trial manufacture, as well as any 

other desired use specification to meet production requirements. The specific details of 

the above components o f the injection-moulding machine will be described in the 

following sections. Fig. 3.22 and 3.23 shows typical mould HM7. And fig. 3.24 illustrates 

the barrel and nozzle temperature of the injection-moulding machine.

Fig. 3.19: Equipment and parameters used in the experimental phase of the research.
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Fig. 3.20: HM7 injection moulding machine equipment.

Fig. 3.21 : HM7 moulding machine equipment.
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Fig. 3.22: Typical mould HM7.

Cooling Water
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Fig. 3.23: Mould product shape. Fig. 3.24: Barrel and nozzle temperature.
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Table 3.4: HM7 mould machine specification

NO Model [Init NO Model Unit

1 . Machine Model HM7 15. Heater capacity-(coil tem) 
for barrel 760W

2 . Machine weight 280/ k g 16. Nozzle temperature 
Max

400°C

3.
Machine electricity 

consumption 
(Motor- Heater)

1.5 k w/h 
0.9/ kw

17. Heater capacity- 
( coil tem) for nozzle 70W

4. Oil heraldic price € 2 0 / litter 17 18. Screw Cost €2050

5. Oil temperature 15 °C- 50 °C 19. Nozzle cost €330

6 . Mould thickness 1 1 0 /mm
2 0 . Barrel cost 61880

7. Screw diameter 14/mm 2 1 . Maximum line 
Pressure

13.7 Mpa (140 
kgf/cm2 )

8 . Injection capacity 6 .2  /cm3 2 2 . Maximum 
water pressure

0.98 Mpa (10
kgf/ cm2 )

9. Tie bar clearance 1 0 2  x 1 0 2  /mm 23. Voltage current 
totor -Heater) (400 v-230 v)

1 0 . Clamping stroke 1 1 0 /mm 24, Injection pressure 1785 kg/cm2

1 1 . Pump motor rotated 2 0  kg/cm2 25. Clamping force 7 Tons
1 2 . Labour 400 € /Day 26. Min mould thickness 1 1 0 / mm

13. Screw Rotation 
30 ,50 and lOOrpm

Cycle Time (sec) 
23, 18 and 15 27. Max daylight opening 2 2 0 / mm

14. Barrel temperature 
max 400°C 28. Mould price € 2 0 0 0

3.14.3. Materials Study and Method Description

3.14.3.1. Method description
The present study used an experimental approach in collecting and analysing data. A 

factorial design (FD) and analysis technique using DoE approach through Design Expert 

software Ver.7.0 to determine the relationship between the process input parameters and 

find product quality. The input parameters were screw rotation, barrel temperature and
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nozzle temperature. DoE techniques were used to evaluate critical responses and identify 

the optimum process parameters for improvement in the product quality.

3.14.3.2. Materials preparation
The present research involved raw, first, second and third stage recycling with selected 

Polypropylene (PP)-(EP540P). Fig. 3.25 and 3.26 show the raw material PP and recycled 

PP, which has been used to produces products by using the injection-moulding machine 

HM7. Fig 3.27 shows the tensile sample of PP produced by HM7 machine. Fig.3.28 and 

3.29 shows samples of the raw and recycled PP after preparation. In the present research, 

grinding of the materials at different stages and moulding of the new products were 

tensile tested at each stage. Fig. 3.30 identifies sprue and runner. In the second 

experimental stage of this research, mixed raw material with the recycled material PP was 

used at different percentages and in optimising the final optimum product quality at 

several stages by observing the effects of adding different percentages of raw materials to 

produces products with optimum quality.

Fig. 3.25: Raw material PP. Fig. 3.26: Recycled material PP.
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Fig. 3.27: Plastic sample of PP.

II1:1m

i
_______________________________

Fig. 3.28: Several recycle samples of plastic material PP, (1) raw material, (2) first 
recycle, (3) second recycle and (4) third recycle.
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Fig. 3.29: Third recycle samples. Fig. 3.30: Sprue and runner.
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3.14.3.3. Sample dimension
The sample size used in the present research is shown in Fig. 3. 31, outlining the 

dimension of the standard specimen sample produced from the injection mould machine 

HM7. These dimensions include gauge length (19mm), width (5.9mm) and thickness 

(2mm), while the weight of each plastic sample is (0.8g). Fig. 3.32 shows the grinder 

machine, which has been used, for grinding samples at different recycling stages. Fig. 

3.33 shows the different PP specimens used with different percentages of raw PP.

Fig. 3.31: Schematic diagrams showing the dimensions of the standard 
subsize tensile specimen.
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Qperanona!
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Fig. 3.32: Plastic grinder machine.

Fig. 3.33: Several of add percentages raw PP with the recycled material PP, (1) first 
recycle, (2) second recycle and (3) third recycle.

3.14.3.4. Mechanical properties

3.14.3.4.1. Tensile testing
In the present research, mechanical testing was carried out by using tensile test machine 

model “Housfield (HZOK-W)”, tensile test was determine in using speed 40mm/min, 

performed at room temperature (20 °C). PP plastic material was recycled to evaluate the raw,
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first, second and a third samples were applied for testing the tensile strength. Fig. 3.34 shows 

the tensile machine model housfield (HZOK-W). The yield strength (Y) and ultimate tensile 

strength (UTS) were measured as shows Fig. 3.35.

Range of 
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steel applies jbrce in tension or 
compression

Sheet steei paneììing 
*

Printer R em rt Ktr*
Darn entry and menu Select buttons Forward,

reverse and 
stop buttons

Fig. 3.34: Schematic of tensile machine model housfield (HZOK-W).

strength
tzrrst

Fig. 3.35: Schematic o f stress-strain curve plastic PP.
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3.14.3.5. Pilot test
The ranges of factors have been determined by running a pilot test, at which the factor have 

been changed one at a time. An absence of visual defects was the criterion for choosing the 

factor ranges. Table 3.5 show the pilot test range of mould process factors. It is 

acknowledged that by its nature, the experimental methodology selected to carry out 

this fact-finding or collection of information to administer the behaviour of material 

affected by the inputs factors to be considered in carrying out sound mould plastic 

samples at several stages. Thus, in accordance with standard practice of professional 

testing bodies and due to its wide use in research experimental, pilot test experiment is 

carefully carried out in this research. The purpose of conducting a pilot test was to test 

the samples before embarking on the complete study. A pilot study was made to access 

content validity, where few test were administered to leading, which range factor were 

administered significant quality such as barrel temperature was using “five level”, 

nozzle temperature “five level” and screw rotation “three level”.

Tensile strength data has been collected for each stage, average of four samples was 

produced as data reading for each case. Mould temperature was monitored by reading 

temperature as assistance response results.

Within the framework of the general principles and guidelines for administrating a 

sound experiment, pilot test are a necessary prerequisite. In order to be sure that the 

factors ranges are understandable, to get any suggestion for improvement, otherwise 

were decided to selecte the factor range in general , which was not found that in 

literature review as present research has been used three percentage at each stage with 

the PP produced products by HM7. Using FD method, eight sets of main experiments 

were applied with a combination of parameters in the first element of experimental 

work has been used three factors and two levels, which were expected to identify the 

variables having most significant effect on production variables. Considered for the 

experimental design (Y) and (UTS), in second element experimental has used four
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factors and three levels has been applied in DoE, with fifty four sets mixture raw 

material at different percentages, excepted nozzle temperature was using two level.

Table 3.5: Pilot test of factors using ?y injection moulding.
No. Barrel

Temperature
Screw

Rotation
Nozzle

Temperature
Mould

Temperature
Cycle
Time
(sec)

Parts
Sample

1. 270°C 30 rpm 270°C 20°C 23 30
2. 260°C 100 rpm 260°C 26°C 16.5 30
3. 225°C 50 rpm 225°C 22°C 18 30
4. 190°C 30 rpm 190°C 19°C 22 30
5. 180°C 100 rpm 180°C 25 °C 16 30

FD was applied using three levels and three variables. Each independent variable was 

investigated at a high (+1) and a low (1) level. Table 3.6 shows actual and coded values 

of the factorial design of the pilot test.

Table 3.6: Actual and coded values o the factorial design of the pilot test by using PP.
No. Variable Unit Low level (-1) High level (+1)

1. Barrel Temp °C 180 270
2. Screw Rotation RPM 30 100
3. Nozzle Temp °C 180 270

Analysis of the pilot test results of the mould products, using HM7 injection mould 

indicates that the processing parameters, such as, screw rotation have significant affect on 

the resulting time cycle for producing recycled products. Fig. 3.36 shows that a screw 

rotation at 100 rpm minimises the product time cycle; a screw rotation at 50rpm has an 

increased effect on cycle time while 30 rpm maximizes the cycle time. This suggests that 

a screw rotation at (100 rpm) is appropriate range to produce products with minimum 

cycle time.
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Fig. 3.36: Time cycle of produce mould products by HM7 machine.

Table 3.7 and Table 3.8 show the moulding setting and the percentage of row material 

used for the pilot test or to produce 2000 samples in order to obtain recycled material. 

Table 3.8 presents the actual values of the variables and their level for each stage for 

second experiment. Table 3.9 shows the actual values and level for all variables used in 

the factorial design.

Table 3.7: Actual values of the pilot test in the second experiment.
NO. Variable Unit Level

1. Barrel Temp °C 260
2. Screw Rotation RPM 95
3. Nozzle Temp °C 150

r"able 3.8: Actual values % of raw PP for the pilot test in the second experiment.
No. first stage second stage third stage

% of raw 
material

Cycle Time 
(sec)

% of raw 
material

Cycle Time 
(sec)

% of raw 
material

Cycle Time 
(sec)

1. 10% 15 20% 29 30% 19.6
2. 20% 11 30% 13 40% 13.3
3. 30% 16 40% 12.5 50% 11.1
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Table 3.9: Actual values/levels for the variables of the second experiment.
Variable Stage/level

1st 2nd 3rd

% of raw material 5-20-35 10-25-40 20-35-50
Barrel Temp °C 180, 225 & 270

Screw Rotation rpm 30, 65 & 100
Nozzle Temp °C 160 and 270

Fig. 3.37 and 3.38 show several weight samples of each recycling stage. The results were 

indifferent with respect to raw and controlled percentage weight products, which 

indicated that sample weight has no significant affect on the final recycled product.

Fig. 3 .37: Schematic diagram of several weight samples in each 

stage, (1) raw material, (2) first stage.
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Fig. 3 .38: Schematic diagram of several weight samples in each 

stage, (1) second stage , (2) third stage.
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3. 15. Chapter Summary

This chapter outlined the overview of research methodologies and a justification for the 

selection of appropriate methodologies used in this study to address the objectives of the 

research. The chapter starts with an overview of research in general and a description of 

research philosophies and a description of certain terms related to research 

methodology. The chapter then presented the research methodology chosen that is, 

questionnaire survey research, in elaborating the survey questionnaire design and 

process, as well as the statistical analytical tools and tests used in this study. It also 

described the justification of research method chosen in this study. This is followed by 

describing the survey instrument used which covers the survey coverage, method of data 

collection, questionnaire design, response scaling and questionnaire content and the 

survey process steps including pre-testing and pilot test and main survey.

It also outlined the steps taken to ensure that the general principles and guidelines 

according to the standard practice o f professional survey bodies are followed for 

administering a sound survey. At the end, this chapter presented an overview of SPSS 

software package and the statistical procedures contained in SPSS as well as the test 

results, which are used in this study. The research approach and design discussed in this 

chapter then are employed to obtain the empirical data, which will be presented in the 

chapters -  results and discussion. The chapter also describes the rationale behind each 

question used in the survey and ends by explaining the scoring system adopted for the 

study. Finally presented are discretion methods of online survey.

The next phase of the research work will be the selection of reviewing of the analysis of 

the results obtained from the survey, as would be shown in the body of research efforts 

reviewed on presentation of the descriptive statistics tool used in SPSS such as, 

frequency distributions, cross-tabulations and correlation, analysis as well as the 

comparison study between the each recycling stage the result of hypotheses testing is 

discussed also, which will be addressed in chapter five.
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Also, the chapter presented an overview of the research equipment and procedures for 

the selection o f injection moulding HM7 process parameters used in this study to 

address the objectives of the research. The chapter starts with technical specification of 

the injection moulding, HM7, and a method description related to the research 

methodology. It also described the materials investigated study and sample dimension, 

of the plastic materials polypropylene. This is followed by describing the mechanical 

properties used which covers the coverage, method of data collection, experimental 

design, process steps including pilot test and main experimentally. The chapter then 

presented the second research methodology chosen i.e. experimental, in elaborating the 

experimental work design and process in each stage, as well as the statistical analytical 

tools and tests used in this research.
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4. Survey Results and Analysis

4.1. Introduction
This chapter covers the analysis of the results obtained from the survey. The main 

software used in this task is the Statistical Package for the Social Sciences (SPSS) 

version 11.0, which is a data management and analysis product produced by “SPSS” 

[1]. SPSS is considered one of the leading statistical software applications. The 

integration of the graphics model to the base with excellent interface is just one 

example of the status of this software. Also “SPSS” has a command language, which 

is very easy to understand [1]. The process parameter input used in the survey would 

be used as evidence to carry out applied experimental work to compare and determine 

which inputs process parameters affect greatly the quality of recycling plastic 

products in each recycle stage. Survey methods have been used in the three recycling 

stages and each stage has selected three optional answers. This chapter presents the 

survey analysis using statistical and technical methods to provide analysis of data 

collection from the plastic industry.

This chapter depicts the results of the survey carried out and their discussions divided 

into two main sections; survey results and discussions. In the first section, section 5.2, 

the results and analysis of the data from the survey findings on the current 

implementation, the stage of used recycled materials, processing methods, process 

inputs parameter and the sale of recycled products is presented. It consists of a 

presentation of the descriptive statistics, frequency distributions, cross-tabulations and 

correlation, analysis as well as the comparison study between the each recycling 

stage. In the second section section 5.3, discussions take place that will further 

elaborate and evaluate the information from the findings of the results and analysis. 

The result of the hypotheses and its testing is discussed in this section also. For each 

hypothesis there is a discussion of the empirical findings in order to facilitate the 

analysis in relation to the aims of this study.

4.2. Results and Data Analysis of Survey

This study covers the analysis of the results obtained from the survey. To indicate 

which input parameters are statistically significant; several statistical tools have been
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implemented, such as Frequency, Cross -Tabulation and Correlations to analyses data 

obtained from the plastic industry and identify which variables are most affected in 

the recycling plastic industry.

4.3. Frequency Analyses and Cross -Tabulation

4.3.1. General information

A survey conducted indicates that the majority of companies’ surveyed shows 74% 

are local While 7% are mixed and 19 % foreign company (see Fig. 4.1).
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0

Fig. 4.1: Identification of current company ownership.

The results indicated that the majority of companies’ surveyed les then fifty 

employees (see Fig. 4.2).

%
100 

80 

60 

40 

20 

0

<50 50-100 100-200 200-500

Number of employees

Fig. 4.2: The number of employees for current recycling companies.
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1 £  5000-9999 

 ̂€10,000-24,999 

I 625,000-49,999 

I 650,000+

Num ber o f Y ears

Fig. 4.3 highlights the company spend on staff from 2001 to 2004.

The results presented on Fig. 4.4 indicates that the majority of companies surveyed 

are using injection moulding.
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N um ber o f  M ethods

Fig. 4.4: The processing methods presented by recycling companies.

Fig. 4.5 indicates that majority of plastic companies (38%) have been in existences 

for a period of greater then 16 years, 23% for 6-9 years, 19% for 10-15 years, 12% for 

3-5 years and 8 % for les than 2 years.
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Fig. 4.5: Number of years of manufacturing for the plastic industry.

Fig. 4.6 shows that 3-5% of companies have a significant percentage of rejects 

coming from the processed products for the following years.

<2 3-5 Years 6-9 Years 10-15 Years > 16

Number o f years on the plastic industry

2001 2002 2003 2004

N u m b e r  o f  Y e a r s  u se d  re c y c lin g

H<2 %
■  3-5 %

□  6 -9  %

□  10-15%

■  >16%

Fig. 4.6: The average percentage of rejects on an annual basis.

4.3.2. Stage of used recycled materials

The survey indicates that the majority of companies’ surveyed shows that 89% are 

using recycled materials, while 11% are not (see Fig. 4.7).
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Fig. 4.7: Implementation of recycling of plastic materials within industry.

Fig. 4.8 shows that the 63% of companies have used first stage recycling in their 

plant 24% are planning to use second stage recycling, while 8 % of companies already 

use third stage recycling in their plants and 5% are using additional stages of 

recycling in their process.

Frst Recycling Second Recycling Third Recycling Futuer Stage
Recyling

R ecycling  S tag e

Fig. 4.8: Stages of recycling.

Table 5.1 shows the findings relating to the rejects, which result from the different 

recycling stages. The majority of rejects come from first recycling stage and this 

result indicates that companies have main use for the first recycling stage.
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Table 4.1: The percentages by Cross -Tabulation of rejects, which come from 
process producing less than2 0 0  tonnes in the different recycling stages.

Approximately ,what 
Percentage of rejects 

Come from the process 
of recycled products

How many time does your company 
recycle the plastic materials Total

First
Recycling

Second
Recycling

Third
Recycling

<2 % 36.1% 9.5% 9.5% 57.1%
3-5% 23.6% NB NB 23.8%
6-9% 48% NB NB 4.8%

10-15% 14.3% NB NB 14.3%
Total 81% 9.5% 9.5% 1 0 0 %

Table 4.2 shows the findings of reduced process costs in the recycling process. The 

majority of companies (76.2%) surveyed used recycling of rejects of the years 2001.

Table 4.2: The percentages of reduced process costs from 2001-2004.

Does your company 
invest 

in the recycling of 
rejects

leduce process cost
Total

2 0 0 1 2 0 0 2 2003 2004

Yes 76.2% 4.6% 4.8% 4.8% 90.5%
No 4.8% 4.7% NB NB 9.5%

Total 81% 9.3% 4.8% 4.8% 1 0 0 %

Table 4.3 shows the findings of maximum profits obtained as a result of 4 years the 

recycling process. The majority of companies surveyed (75%) maximized profits in 

2001 .

Table 4.3: The percentages Cross -Tabulation of maximizes profits

from 2001-2004.

Does your company 
invest

in the recycling of rejects

Maximizes profits

Total
2 0 0 1 2 0 0 2 2003 2004

Yes 75% 5% 1 0 % 5% 95%
No 5% NB NB NB 5%

Total 80% 5% 1 0 % 5% 1 0 0 %
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4.3.3. Inputs process parameters

4.3.3.1. External process
The results reviewed recycling to the external process conducted for the moulding 

process used within plastics companies, highlights that process parameters and 

personal skill were the major factors affecting the quality of the products at different 

stage. As presented in the figures bellow. Figs 5.10 to 5.12 graphically illustrates 

these representatives:

a) Fig 5.10 factor attesting first-stage recycling.

b) Fig 5.11 factor attesting second-stage recycling.

c) Fig 5.12 factor attesting third-stage recycling.
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Fig. 4.10: First stag.
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Fig. 4.11: Second recycle.
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4.3.3.2. Internal process
The results reviewed relating to the internal process conducted for the moulding 

process used within plastics companies, indicated that process parameters; such as 

screw rotation, barrel temperature and nozzle temperature had major affect on the 

quality of the products at different recycling stage. These results are shown in Fig. 

4.13.
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Fig. 4.13: Internal parameters affecting the mould process.

The survey conducted also indicates that the majority of companies’ surveyed stated 

that screw rotation and barrel temperature passed the greatest effect on the recycled 

materials at different recycling stage. This is presented in Fig 5.14-5.16.
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Fig. 4.14: The effect of the inputs process parameters on the first recycling stage.

%

N um ber o f  param eters

134



Chapter 4: Survey Results and Analysis
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■  Barrel Temp

□  N ozzle Temp
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Fig. 4.15: The effect of the inputs process parameters on the second recycling stage.
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Fig. 4.16: The effect of frequency of the inputs process parameters on the third stage.

4.3.3.3. Quality of recycled products

The results indicate that the majority of plastic companies’ surveyed show that the 

quality of plastic materials is affected at different stages. These results are presented 

in Figs 5.17 to 5.19.

• First Recycling

The results indicate that the majority of plastic materials do no change their quality 

after the first recycling stage (see Fig. 4.17).
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Fig. 4.17: First recycle.

• Second Recycling

The analysis of second recycling indicates that the majority of the quality in plastic 

materials decreases (see Fig. 4.18).
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Fig. 4.18: Second recycle.
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• Third Recycling

The results indicate that the majority of the quality in plastic materials decreases after 

the third recycling (see Fig. 4.19).
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4.3.3.4. Cost estimation
The results obtained from the plastic industries surveyed, indicate that the majority of 

companies’ note a decreased cost throughout the several recycling stages as presented 

in Figs 5.20 to5.22.
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Fig. 4.20: Cost estimation for first stage recycling.
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Fig. 4.21: Cost estimation for second stage recycling.
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Fig. 4.22: Cost estimation for third stage recycling.
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4.3.4. Sale of recycled product

4.3.4.1. Involved in the sale of recycled products
The results indicate that 58% of the companies surveyed sell recycled products where 

as 42%, do not. Fig. 4.23 shows the percentage sale of recycled plastic products.

Fig. 4.23: Percentage sale of recycled plastic.

Fig. 4.24 indicates that 14% of the companies surveyed sell recycled plastic products 

for less than 2 years, 21% since 3-5 years, 22% since 6-9 years, 14% since 10-15 

years, and more than 29% have sold recycled plastic products for more than 16 years.

<2 3-5 Years 6-9 Years 10-15 Years >16

Num ber o f  years

Fig. 4.24: Number of years used on the sell of recycling plastic.
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Table 4.4 shows the findings of the sale of the recycled products. Local ownerships 

majority of (75%) accounts for the companies selling recycled products.

Table 4.4: The percentages Cross -Tabulation of the sale of recycled products with
respect/regards company ownership.

Ownership
Does your company sell 

recycled products Total
Yes No

Local 44.5 % 30.5% 75%
Mixed 8.3% NB 8.3%
Foreign 5.2% 11.5% 16.7%
Total 58% 42% 1 0 0 %

Table 4.5 shows the percentages by Cross -Tabulation of the sale of recycled 

products and also years operating recycling methods. It can be clearly noticed that the 

majority of the companies surveyed have been selling products recycled for 21 to 30 

years.

Table 4.5: The percentages Cross -Tabulation of the sale of recycled products within
manufacturing p astic companies.

How many years has your company
Does your cc 

recycled
jmpany sell 
Droducts Total

been manufacturing plastic products Yes No

<5 NB 4.2 % 4.2 %
6-9 years 2 0 % 9% 29%

1 0 - 2 0  years 17% 8 % 25%
21-30 years 2 1  % 12.3 % 33.3%
>30 years NB 8.5% 8.5%

Total 58% 42% 1 0 0 %

Table 4.6 shows the information gathered interpreting the profits coming from the 

sale of recycling materials. The majority of companies surveyed obtained 2% of their 

profits over the years of though selling recycled materials and 5% of profits for 

companies operating greater than 16 years.
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Table 4.6: The percentages Cross -Tabulation of profits to results the sale of recycled 
_________________ _________products.________________ _________

If yes, how long has 
the company been 

involved 
in the sale

On average what percentag 
come from the sale of recyc

e of profits 
ed products Total

2 % 5% 1 0 %

<2 Years 14.3% NB NB 14.3%
3-5 Years 14.3% 7.1% NB 21.4%
6-9 Years 14.3% 7.1% NB 21.4%
10-15 Years 7.1% 7.1% NB 14.3%
> 16 Years 7.1% 14.3% 7.1% 26.6%

Total 57.1% 35.7% 7.1% 1 0 0 %

Fig. 4.25 indicates that the sale of recycled plastic products materials increased in 

2 0 0 1  for all various plastic materials and products.
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Fig. 4.25: The trend for sale of plastic recycled products in 2001.

Fig. 4.26 indicates that the sales of various recycled of plastic material products 

increased in the 2 0 0 2 .
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Fig. 4 .26: The trend for sale of plastic recycled products in 2002.
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Fig. 4.27 indicates that the sales of the majority of various recycled plastic materials 

products decreased in the 2003.
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Fig. 4.27: The trend for sale of plastic recycled products in 2003.

The results indicate that the sale of recycled plastic materials products decreased 

again for the year 2004. Fig. 4.28 shows the sale of recycled plastic parts in 2004.
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Fig. 4.28: The trend for sale of plastic recycled products in 2004.

4.3.4.2. Price of recycled products

The results indicate that the majority of recycled plastic materials products are set to a 

medium price during the first to second, while third stage recycled products are set to 

a low price as presented in Figs 5.29 to5.31.
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Fig. 4.29: Price of plastic recycled products produced from first stage recycling.
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Fig. 4.30: Price of plastic recycled products produced from second stage recycling.
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Fig. 4.31: Price of plastic recycled products produced from third stage recycling.
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4.4. Results and Discussions of Survey Results

4.4.1. Testing hypothesis

This study has provided information on the implementation of recycled plastic 

materials and it’s marketing of plastic industry in both countries. Statistics from the 

survey have shown factors, which have an effect on the product quality. The survey 

has also shown several stages, which have an effect on the marketing and price of 

recycled product.

This section further elaborates and evaluates the information from the results 

reported in the previous sections. It consists of data interpretation and evaluation 

from the descriptive statistics, frequency distributions, cross-tabulations and 

correlations, analysis as well as the comparison from both quality and sell of 

recycled products at each recycle stage. The statistical analysis was carried out using 

SPSS software to determine the correlation between the variables (Xi, X2 and X 3 ), 

with the (Y), as the depended variable of the study, where: (Xi quality product, X2  

inputs process parameters, X3 sell of recycled products and Y recycle process), as 

well as the significant of the independent variables on the dependent variable by 

using ANOVA test. Finally the research model will be presented by a regression 

equation by using DoE software and analysis by the ANOVA test at each recycle 

stage. As for the hypotheses testing, for each hypothesis there is a discussion of the 

empirical results in order to facilitate the analysis in relation to the aims of this study. 

Research hypothesis are presented below:

• Hypothesis 1

Ho: There was no significant relationship between recycled process and quality o f  

the products at each recycling stage.

Hi: There was significant relationship between recycled process and quality o f  the 

products at each recycling stage.

143



Chapter 4: Survey Results and Analysis

• Hypothesis 2

H q: Input process param eters have no interaction effect on the quality products at 

each recycling stage.

H 2: Input process param eters have interaction effect on the quality products at each 

recycling stage.

• Hypothesis 3

H q: There was no significant relationship between sells o f  recycled products and  

recycles perform ance products at each recycling stage.

Hj: There was significant relationships between sell o f  recycled products and recycle 

performance products at each recycling stage.

4.4.2. Company background

The results of the sample survey, as shown above in Fig. 4.1 demonstrate that 74 % 

of the respondents are local business companies and they are using first recycling 

stage only. Also, the results of the analyses of cross -tabulation show that these local 

companies are selling products produced by first recycled material. On the other 

hand, most of the companies in both countries have less than 50 employees as shown 

in Fig. 4.2. Also Fig.5.3 shows that the human resource development is a vital 

component in human resource management. Furthermore, the survey consists of a 

question, which analyzes the companies training policy. For both countries, the 

results of the survey prove that recycling business companies usually spend on 

human training between €1 and € 4999. It was found that the major obstacle is the 

lack of competencies technicians’ skill. A high investment in training and 

development can lead to more effective and utilized high technology and higher skill 

levels.

This statement is supported by the result of the correlation analysis, which indicates 

the positive relationship between training planning and numbers of employees as 

presented in Appendix B. It can be noted that the training staff are the most
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appropriate and efficient approaches for the skilled personnel to increase their 

knowledge and competencies in performing the recycled process.

Three different types of moulded products used in plastic companies. The frequency 

results show that the majority of companies surveyed are using injection-moulding 

process. In terms of the number of years in operation, the comparison between two 

countries shows that the majority of the respondents in Ireland and UK have been in 

plastic business for more thanl6  years as shown in Fig. 4.5. The results indicate that 

the main benefits occurred from the implementation of the recycling process as the 

majority of responded results indicate is maximizes sales and profits as presented in 

Appendix B.

4.4.3. Quality of the recycled products

The majority of plastics companies using the first and second recycling stages only 

as shown in Fig. 4.8. The third recycling stage is not often used due to the decrease 

in the product quality it can be recommended to avoid to use third recycling stage 

unless raw material is being added to improve the quality. For that, the first 

hypothesis (HI) was formulated to address this aspect, and will be tested as follows:

■ Testing Hypothesis 1:

Hypothesis Hi: There was significant relationship between recycled process 

and quality o f  products at each recycling stage.

From the results, the recycling phases could be classified into three stages: First 

recycle stage, which are quite extensively used. Second and third recycled which are 

quite moderately used

To test this hypothesis, a relationship between the products quality (X|) and recycle 

process (Y) at each stage was examined using correlation and frequency analysis 

techniques, for this hypothesis there is a discussion of the empirical findings in order 

to using survey question such as B13, The frequency analysis indicate that the 

quality of the recycled products were decreased from first stage to third stage. As 

reported in Figs. 5.17 to 5.19.
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• In this research, correlation were analysed between two variables products quality 

and recycling process for each stage. The results indicate that the correlation - 

coefficient in first stage was statistically significant for this stage. For the second 

and third stages were statistically not significant as presented in Appendix B.

• To analyse the quality performance versus the product cost, Figs. 5.20 to 5.22 show 

that the first stage for PP has less cost, while, the second and the third stages have 

higher cost. The corr-coefficient for the third stage is statistically significant with a 

positive relationship, as presented in Appendix B.

• On the other hand, to analyse the quality performance versus the productivity, the 

frequency results indicated that the majority of plastic materials such as PP, PS, 

PVC, etc have high productivity in the first and second stages and no change in the 

productivity in third stage as presented in Appendix B.

Therefore, the first hypothesis (Hi) is accepted and (Ho) refused. The results and 

correlation matrix shows that there was a high relationship between X[ and 

dependent variable Y. The hypothesis (H2) was formulated to address this aspect and 

will be tested as follows:

■ Testing Hypothesis 2:

Hypothesis H2: Inputs process parameters have interaction effect on the products 

quality at each recycling stage.

To test this hypothesis, a relationship between the inputs process parameters (X2) and 

product quality (Xj) at each stage, was examined using frequency analysis. The 

frequency results shown that the barrel temperature and screw rotation have highly 

significant effects on the final product quality, as shown in Figs. 5.14 to 5.16. 

Therefore, the second hypothesis (H2) is accepted and refused (Ho). The results and 

correlation matrix show that there was relationship between Xi and independent 

variable X2.
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4.4.4. Selling of recycled products

The results indicate that the majority of company surveyed have been sold of 

recycled products over 16 years. The results indicate that the third stage has low 

price, and they recommend to reject it. While, the first and second stage have 

medium price and this demonstrates that the first and second stages have effective 

marketing.

Furthermore, cross -tabulation results show the sale profits of recycled products have 

2 %. The result shows significant relation and viable affect between recycled 

processes and sale products in each stage. In order to examine the hypothesis (H3), it 

was formulated and will be tested as follows:

■ Testing Hypothesis 3:

Hypothesis H3: There was significant relationship between sell recycled  

products and recycle performance products at each 

recycling stage.

To test this hypothesis, a relationship between the sell-recycled products (X3 ) and 

recycle process (Y) was examined using correlation techniques and frequency 

analysis in the research survey. The survey questions C4, C6  were used to exam the 

hypothesis (H3), the results indicate that there is a significant relations between 

recycle and selling of recycled products in each stage. The correlation analysis 

between two variables recycle and competitive were tested. The corr-coefficient was 

positive relation, which means a statistically significant, as presented in refer 

Appendix B. Therefore, the third hypothesis (H3) is accepted and refused (H0). The 

results and correlation matrix shows that there was a high relationship between X3 

and dependent variable Y.
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4.6. Chapter Summary

This chapter has reported and analysed the results obtained from survey in Republic 

of Ireland and UK for plastic companies. This chapter also identified several 

statistically techniques to analyse the different hypothesises. It presents also 

discussions on the information from the results from the descriptive statistics.

À discussion on the general questions and also the analysis of the results in this 

chapter would help as a guide in the experimental work. Finally, based on the results 

and discussions, it summarizes the key findings related to the recycle practice and 

approaches, which linked to the development of products quality.
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5. Experimental Design results

5.1. Introduction
Designs of Experiment (DoE) have been utilized in many disciplines such as biological, 

pharmaceutical, engineering etc. In the last two decades, the use of DoE has grown 

rapidly and been customized for many process in industry such as machining, chcmical 

mixing and recycle to find out the optimal conditions. This chapter provides details on 

the results of experimental design that been provide by Design-Expert software V7. 

Also, the desirability approach was used in conjunction with FD to find out the optimal 

combination of the recycling process parameters to achieve the required recycle quality 

at low cost. In addition percentages of raw material has been investigated of the recycled 

joints in order to study the effect of injection mould conditions on the mechanical 

properties namely, yield strength (Y) and ultimate tensile strength (UTS) for three 

recycling stages. In this chapter, detailed information was given on factorial design (FD) 

and the selection of the inputs process parameters along with the resulted properties of 

the PP plastic samples during the eight sets of main experiments.

5.2. Experimental design and data analysis

In this research, factorial design has been used to study the effects of each processing 

parameter on the mechanical properties. Injection-moulding machine HM7 was used to 

produce the specimens. The experimental data tests were analyzed using statistical 

software. Three parameters at two levels were selected. The process parameters are 

screw rotation rate (S), barrel temperature (B) and nozzle temperature (N), the 

investigation was carried out in order to determine which process parameters would 

affect the material properties after the injection-moulding process.
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5.2.1. Factorial design

Factorial design is one of the optimisation techniques currently in widespread usage to 

describe the performance of the recycling process and find the optimum of the responses 

of interest. FD is a set of mathematical and statistical techniques that are useful for 

modelling and predicting the response of interest affected by several inputs variables 

with the aim of optimising this response [185]. This approach was applied to optimise 

the mould process. The two-level factorial part of the design consists of all possible 

combinations of the +1 and -1 levels of the factors. For the two factors case there are 

four design points: (-1,-1) (+1,-1) (-1, +1) (+1, +1) as shown in Fig. 5.1. In general, the 
number of factorial points is equal to 2k Three factors were investigated; the melting 

temperature, nozzle temperature and screw rotation the design contains eight 

experiments and fifty four as shown in tables below; the performance of the synthesis 

was evaluated by analysing two responses; (Y, UTS). In this work the essential process 

factors were determined from the past literatures. Design-Experimental V7 software 

was used to code the data, develop the design matrix and analyse the case , the limits for 

each factor were coded via this relationship; Xi = 2(2x -  (X max + X mm))/ (X m ax X m in ). 

Where: Xi is the required coded value, X is any value of the factor which wanted to be 

coded and X max, X 1Tnn are the upper and lower limit of the factor being coded 

respectively.

In this study the tensile strength and yield strength were evaluated for all the setting. 

Finally the results were compared with the tensile strength of the raw material. Fig. 5.2 

shows a flowchart for the analysis steps. DoE techniques were used to evaluate 

responses and identify the optimum process inputs parameters and to make suggestions 

for improvement in this study.

Statistical analyses are extremely important to study basic mechanisms in complex 

situations, thus providing better process control and understanding. The main objective 

of FD is to determine the optimum operational conditions for the system or to determine
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a region that satisfies the operating specifications. In this study, the effect of eight 

experiment and fifty-four process parameters was examined with the aid of experimental 

design in the presence of nutrients feeding. Regression analysis and the statistical 

analysis of main and interaction effects were quantified by analysis of variance 

(ANOVA). To optimise the response (Y) and (UTS), it is necessary to find an 

appropriate approximation for the true functional relationship between the independent 

variables and the responses. A second order polynomial model shown in Eq 5.1 was 

used to describe the relationships between responses and experimental factors.

i±j±k
Y  =  b 0 +  X  h >X i +  X  b HX iX i  +  X  b iikX i X i X k 

i= \

(5.1)

Where y is the response, bo is the constant coefficient, Xi, Xj and Xk are the variables, b,s 

are the linear coefficients, by are interaction coefficients and b^ is the three-interaction 

coefficient. This polynomial model was fitted to the two responses. The value of the 

coefficients can be calculated using regression analysis.
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6 8

Fig. 5.1: A 2* two-level, full factorial design; factors XI, X2, X3 [185].
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Inputs Data

Design-Expert V7

Factorial Design 
Selected

Model
Insignificant

Model Significant

Presentation o f

Optimisation of 
Results

Statistical
Analyses

Raw M aterials
1

ANOVA -------------- ► First Materials
Analysis Second Materials

Third Materials

Predicted vs.

Interaction Graph

C ontour an d  3D

Perturbation

Fig. 5.2: Flowchart shows the building and using the factorial design

model.
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5.2.1.2. Development of the mathematical model

The functional relationship representing any response of interest can be expressed as 

y = /(A , B, C and D) and Eq .5.2 becomes as follows.

Y= b/A+ b2B + b̂ C + bi2AB + baAC + b2iBC + bi23ABC (5.2)

5.2.1.3. Testing the adequacy of the models developed

The analysis of variance (ANOVA) was used to test the adequacy of the models 

developed. The statistical significance of the models developed and each term in the 

egression equation were examined using the sequential F-test, and other adequacy 

measures (i. e. R2  Adj- R2, Ped.R2 and Adeq precision ratio). The Prob>F (sometimes it 

called P-value) of the model and of each term in the model can be computed by means 

of ANOVA. If the Prob>F of the model and of each term in the model does not exceed 

the level of significance (say a = 0.05) then the model may be considered adequate 

within the confidence interval of (1- a). Table 5.1 below is a summary of the ANOVA 

table.
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Table 5.1: ANOVA table for full model:

Source SS df MS Fcai - Value p-value 
or Prob > F

Model SSm P

Each SS divided 
by its df

Each MS 
divided by 

MSe '

From table 
or software 

library

A SS, 1

B SS2 I
C s s 3 1

AB SS. 2 1

AC SS,3 1

BC s s 23 1

ABC s s 123 1

Residual s s R N-p-1 -
Cor Total SST N - 1 - - -

Where:
P: Number of coefficients in the model
N: Total number of runs
SS: Sum of squares
df: Degree of freedom
MS: Mean square

5.2.1.4. Development of the final reduced model

The model contains only the significant terms and the terms that are necessary to 

maintain hierarch. Also, a reduced quadratic ANOVA table can be produced.

5.2.1.5. Post analysis

When the final model has been tested and checked and found to be adequate, then the 

response at any midpoints can be predicted using this adequate model. Also, producing 

some important plots, such as 3D graphs, contours and perturbation plots, to present the 

factors effect and how they contribute to the response. Moreover it is now possible to 

employ the developed model to find the mould setting at which the process could be 

optimized.
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5.2.2. Optimisation

5.2.2.1. Desirability approach

There are many statistical techniques for solving multiple response problem, such 

overlaying the contours plots for each response, constrained optimisation problem and 

desirability approach. The common statistical software packages, such as SPSS, 

NEMROD and Design-Expert, include a multiple response optimisation techniques. The 

desirability method is recommended due to its simplicity, availability in the software and 

it’s also provides flexibility in recycling and giving importance to individual responses. 

Solving such multiple response optimisation problems using this technique consists of 

using a technique for combining multiple responses into a dimensionless measure of 

performance called the overall desirability function.

5. 2.2. 2. Optimization approach in Design-Expert software

The optimisation part in Design-expert software V7 searches for a combination of factor 

levels that simultaneously satisfy the requirements placed (i.e. optimisation criteria) on 

each one of the responses and process factors (i.e. multiple response optimisation). 

Numerical and graphical optimisation methods were used in this work by choosing the 

desired goals for each factor and response. The numerical optimisation feature in the 

design expert software packages finds appoint or more in the factors domain that would 

maximize this objective function. In a graphical optimisation with multiple responses, 

the software defines regions where requirements simultaneously meet the proposed 

criteria. Superimposing or overlaying critical response contours on a contour plot. Then, 

a visual search for best compromise becomes possible. In the case of dealing with many 

responses, it is recommended to do numerical optimisation first; otherwise it could be 

impossible to uncover a feasible region. The graphical optimisation displays the area of 

feasible response values in the factor space. Regions that do not fit the optimisation
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criteria are shaded [186]. Fig. 5.3 shows flow chart of the optimisation steps in the 

design-expert software.

Fig. 5.3: Flowchart shows the optimisation steps [187],
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5.3 Results and discussion

In this chapter, the experimental design used, the range of each process parameters and 

experimental layout are presented for each recycling stage. This chapter also shows the 

results for all the stages investigated in this work, in terms of ANOVA analysis of each 

response, and the validation experiments. The effects of process parameters on each 

response are described and discussed. Further, the results of the operating cost are 

illustrated and discussed to distinguish the effects of the process parameters on the cost 

estimation at each stage. All the variables used in this research with ANOVA table were 

abbreviated as follows:

A= Barrel Temp 

B= Screw Rotation 

C= Nozzle Temp

AB= Barrel Temp * Screw Rotation

AC= Barrel Temp * Nozzle Temp

ABC= Barrel Temp * Screw Rotation * Nozzle Temp

5.4. Recycling process with no mixture of raw material PP

These experiments were carried out without addition of raw material PP, the design 

levels, input variables and experimental design levels used for this material in each stage 

are shown in table below. The yield strengths were measured as quality criteria for the 

different injection mould conditions in order to identify which factors are having 

significant effects on the Y. Three mathematical models were developed successfully to 

predict the responses as follows:
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5.4.1. Development of raw material PP

In this stage, the experiment was designed based on three process factors A,B,C and 

two levels to working range of each variable. Table 5.2 shows the mould inputs 

variables and experimental design levels used for this stage. The experiment was carried 

out according to the design matrix of the FD method. Eight sets of experiments were 

performed and the mechanical properties were measured for each experiment. Table 5.3 

shows the experiment layout and the measured responses. For this stage the 

mathematical models were developed successfully to predict the following response; 

yield strength (Y). The percentages of reduction in the yield strength were measured for 

each experiment by using Eq .5.3 to come up with an idea about how good is the 

number of recycling stage is and there impact on the quality of the final product.

% = ^ —^ x l0 0  (5.3)
A

Where:

%: percentage of reduction in the yield strength.

A: Expected value 

E: Measured value
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Table 5.2: Actual and coded values of the three factors.

Code Variables Unit

Low level

(-D

High level 

(+1)

A Barrel Temp °C 180 270

B Screw  Rotation RPM 30 100

C N o zzle  Temp °C 160 270

Table 5.3: The experiment layout and the measured responses.

Exp.

No.

Run

Factors Responses

A: Barrel 

Temp

°C

B: Screw 

Rotation, 

(rpm)

C: Nozzle Temp

°C
(y) Raw 

MPa
%

of reduced

1 17 180 30 160 30.89 0.35

2 5 270 30 160 29.4 5.44

3 15 180 100 160 29.6 4.72

4 4 270 100 160 28.2 9.92

5 16 180 30 270 3 1 .56 -1.77

6 8 270 30 270 29.83 3.92

7 18 180 100 270 29.83 3.92

8 19 270 100 270 29.77 4 .13

5.4.1.1. Effects of A, B and C on the % of reduction in Y of the raw PP

Fig 5.4 shows the cycle time in eight sets of raw material PP. The results indicated that 

the screw rotation at 1 0 0  rpm were appears effectible to produced samples within less 

time than 65 and 30 rpm for example barrel temperature at 180 °C, screw rotation 100 

rpm and nozzle temperature 160 °C. Which were appears effectives and economically 

for this range. Table 5.4 presents the ANOVA results for the parentage of reduction of 

the yield strength of the raw material. It indicates that the response can be described well 

by polynomial models with a good coefficient of determination (R2). In this research the 

main three process factors effect of (A, B and C), two interaction effects of (AB) and
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(AC), were significant model terms. It is evident from Table 5.4 that the model is 

significant since the “Prob>F” is less than 0.05. The adequacy measures considered 

herein are R2 of 0.999, Adj- R2 of 0.991 Pred- R2 of 0.915, all these measures are in 

reasonable agreement and confirm that the model is adequate. Also the adequate 

precision ratio 35.033 is greater than 4, which indicates a desirable model. Fig. 5.5, it is 

a contours graph showing the effect of two factors (A and C) and (A and B) on the 

reduction percentage of tensile strenght. From Fig. 5.5a it is evident that less percentage 

of reduction can be obtained as the nozzle temperature decreased and the barrel 

temperature increased. From Fig. 5.6b, it is evident that as the screw rotation increase 

and the barrel temperature increased the percentage of reduction increases. Fig. 5.6 

perturbation graph shows the relationship between the three factors and the percentage 

of reduction of raw PP, it is evident that the percentage of reduction in the yield strength 

increases as the barrel temperature and screw rotation increased and nozzle temperature 

decreased which can yield poor properties. Also, from this graph A and B is the most 

important variable that affects the response, while C has less affecte. Furthermore, Fig. 

5.7 shows the relationship between the actual and predicted values of the three variable 

inputs (A, B and C). This Figure indicates that the developed models are adequate 

because the residuals in prediction of response are tiny, as the residuals tend to be close 

to the diagonal line to indicate good relationship between the experimental and predicted 

value of response in recycling the raw material of PP. The (ANOVA) test indicated that 

the main factor affecting the yield strength was (B) which is the most important factor 

influencing on the recycle of raw PP. Also, the two factors (A) and (C) have strong 

effect on the (Y). The final mathematical models in terms of coded factors as determined 

by the design-expert V7 software can be expressed as follows Eq .5.4:

% of reduction of raw = 3.996 + 1.488 A + 2.125 B - 0.770 C-

1.109 A B -0.843 A C -1.036 ABC (5.4)
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Table 5.4: ANOVA for reduced quadratic mode of the % of reduction of raw material.

Source
Sum of 
Squares

DF Mean
Square

F
Value

Prob > F

Model 82.691 6 13.782 125.986 0.0681 Significant
A- Barrel Temp 17.711 1 17.711 161.904 0.0499

B-Screw rotation 36.125 1 36.125 330.237 0.0350
C-Nozzle Temp. 4.745 1 4.745 43.378 0.0959

AB 9.837 1 9.837 89.923 0.0669
AC 5.682 1 5.682 51.939 0.0878

ABC 8.591 1 8.591 78.536 0.0715
Residual 0.109 1 0.109

Cor Total 82.800 7
R- = 0.999 Adj. R2 =0.991

Pred. R2= 0.915 Adeq .Precision= 35.033

Fig. 5.4: Cycle time for raw material.
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% of reduction in Y-St. Raw MPa

180 203 225 248 270

A: Barre l T em p ., D eg ree  C

(b)
5.5: Contour graphs of the effects of three variables on the % of reduction of the yield

strength for the raw PP.
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Fterturbation

D ev ia tion  from R e fe rence  P o in t (Coded Units)

Fig. 5.6: Perturbation graph shows the relationship between the three factors and the
percentage of reduction for raw PP.
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Fig. 5.7: Scatter diagram.
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5.4.2. Development of the first recycling model

For the first stage, the experiment was designed based on three factors and two levels. 

Table 5.5 shows the mould inputs variables and experimental design levels used for this 

stage. The experiment was carried out according to the design matrix. Eight sets of 

experiments were applied with a combination of parameters, which expected to 

determine the variables having most significant effect on the response. Table 5.6 shows 

the process variables and experimental design levels used. For this stage the 

mathematical model was developed successfully to predict the following response the 

percentages of reduction.

Table 5.5: The experiment layout and the measured responses for 1st recycling.

Exp.

No.
Run

Factors Responses

A: Barrel 
Temp

°C

B: Screw 
Rotation 

Rpm

C: Nozzle 
Temp

°C

(y)First
MPa

%
of reduced

1 17 180 30 160 28.20 9.92

2 5 270 30 160 28.28 9.61

3 15 180 100 160 28.87 7.37

4 4 270 100 160 27.73 11.79

5 16 180 30 270 29.94 3.54

6 8 270 30 270 29.03 6.78

7 18 180 100 270 28.32 9.46

8 19 270 100 270 28.46 8.92

Table 5.6: Actual and coded values of the three factors for 1 1 recycling.
Variables Unit Low level (-1) High level (+1)

A Barrel Temp °C 180 270
B Screw Rotation rpm 30 100
C Nozzle Temp °C 160 270
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5.4.2.1. Effects of A, B and C on the % of reduction of the yield strength of 1st 
recycling

In this case the effect of (A, B and C), two interaction effects of (BC) are significant 

model terms. The results of the ANOVA test, is summarised in Table 5.7. It is evident 

from Table 5.7 that the model is significant since the “Prob>F” is less than 0.05. The 

adequacy measures considered herein are R2 of 0.996, Adj- R2 of 0.984, Pred- R2 of 

0.929, all these measure are in reasonable agreement and confirm that the model is 

adequate. Also the adequate precision ratio 30.366 is greater than 4, which indicates a 

desirable model. Fig. 5.8 scatter diagram shows the relationship between the actual and 

predicted values of the three variables. This Figure indicates that the developed models 

are adequate because the residuals in prediction of response are minor, as the residuals 

tend to be close to the diagonal line. Fig. 5.9a and b are contour graphs that show the 

effect of the factors (A, C) and (B, C) on the percentage of reduction in tensile strength 

of the recycling first stage. From Fig. 5.9a, it is evident that as the nozzle temperature 

increases and the barrel temperature decreases and a good quality can be obtained. 

While, from Fig. 5.9b the good quality product can be achieved as the screw rotation 

decreases and the nozzle temperature increases. The results of ANOVA test indicated 

that the main factors affecting the yield strength is nozzle temperature (C) is the most 

important factor influencing on the recycle of first recycle PP. Furthermore, (B) and (A) 

have significant effects on the response, where the effect of (B) was stronger than the 

effect of (A). The Final mathematical models for percentage of reduction in the yield 

strength of the first recycling in terms of coded factors as determined by the Design- 

Expert are shown in Eq .5.5.

% of reduction in yield strength of 1st recycling = 7.730 + 0.738 A + 0.835B-1.07C +

0.931BC-0.915 ABC (5.5)
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Table 5.7: ANOVA for reduced t uadratic moc e of the % of reduction of Is stage.

Source
Sum of 
Squares DF

Mean
Square

F
Value Prob > F

Model 32.846 5 6.569 89.387 0 . 0 1 1 1 Significant
A-Parrel Temp. 4.356 1 4.356 59.273 0.0165

B-Screw rotation 5.573 1 5.573 75.839 0.0129
C-Nozzle Temp. 9.273 1 9.273 126.175 0.0078

BC 6.941 1 6.941 94.444 0.0104
ABC 6.703 1 6.703 91.202 0.0108

Residual 0.147 2 0.073
Cor Total 32.993 7

R2 = 0.996 Adj . R2 =0.984

Pred.R 2= 0.929 Adeq .Precision =30.366

Fig. 5.8: Scatter diagram for 1st recycling.
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215

188

% of reduction in Y-St.1st.MPa

A: Barrel Tem p., Degree C

(a)

1 ------------ 1------------ 1------------ 1------------
30 40 65 83 100

B Screw rotation, rpm

270
% of reduction in Y-St.1st.MPa

(b)
Fig. 5.9: Contour graphs of the effects of three variables on the % of reduction of the

first recycling.

168



Chapter 5: Experimental Design

Fig 6.10 shows the cycle time for the eight sets of the first recycling. The results 

indicated that the screw rotation at 1 0 0  rpm were effectible to produce samples within 

less time than 65 and 30 rpm for example barrel temperature at 270 °C, screw rotation 

100 rpm and nozzle temperature 160 °C. Which appears effective and economically for 

this range.

120

Screw Rotation (rpm) Time cycle (sec)

19 1 30 22

■  2 30 19

□ 3 100 17 1

□ 4 100 17

■  5 30 23 4

n  6 30 19

■  7 100 17

□ 8 100 17

Number of Process

Fig. 5.10: Cycle time for first stage.

5.4.3. Development of second recycling model

For the second stage, the experiment was designed based on three factors and two levels. 

Table 5.8 shows the mould inputs variables and experimental design levels used for this
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stage. The experiential was carried out according to the design matrix. Eight sets of 

experiments were applied with a combination of parameters, which were expected to 

identify the variables having most significant effect on response. Table 5.9 presents the 

process variables and experimental design levels used. For this stage the mathematical 

model was developed successfully to predict the % of reduction in yield strength.

Table 5.8: The experiment layout and the measured responses for 2nd recycling.

Exp.

No.
Run

Factors Response

A: Barrel 

Temp

°C

B: Screw 

Rotation 

Rpm

C: Nozzle 

Temp

°C

(y) Second 

MPa

%

of reduction

1 17 180 30 160 27.36 13.30

2 5 270 30 160 27.15 14.18

3 15 180 1 0 0 160 27.55 12.52

4 4 270 1 0 0 160 26.38 17.51

5 16 180 30 270 28.95 7.08

6 8 270 30 270 28.35 9.34

7 18 180 1 0 0 270 27.05 14.60

8 19 270 1 0 0 270 26.22 18.23

Table 5.9: Actual and coded values of t ie three factors for 2 nd recycling.
Code Variables Unit Low level (-1) High level (+1)

A Barrel Temp °C 180 270
B Screw Rotation rpm 30 1 0 0

C Nozzle Temp °C 160 270

5.4.3.1. Effects of A, B and C on the % of reduction in the yield strength for the 
second recycling

In this case the effect of (A, B and C), two interaction effects of (AB) and two 

factors interaction effect (BC) are significant model terms. The results of the 

ANOVA test is summarised in Table 5.10. It is evident from Table 5.10. That the 

model is significant since the “Prob>F” is less than 0.05. The adequacy measures
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considered herein are R2 of 0.989, Adj- R2 of 0.961 _ Pred- R2 of 0.820, all these 

measures are in reasonable agreement and confirm that the model is adequate. Also 

the adequate precision ratio 17.154 is greater than 4, which indicates a desirable 

model. Fig. 5.11 scatter diagram shows the relationship between the actual and 

predicted values of the response. This Figure indicates that the developed models are 

adequate because the residuals in prediction of response are small, as the residuals 

tend to be close to the diagonal line. Fig. 5.12a and b are contour graphs that show 

the effect of the three factors (A, B) and (B, C) on the response for second recycled 

PP. From Fig. 5.12a it is evident that as both the screw rotation and barrel 

temperature decreases superior quality products can be obtained as the percentage of 

reduction decreases. From Fig. 5.12b it is clear that as the screw rotation decreases 

and the nozzle temperature increases the desirable products could be achieved. The 

results of ANOVA test indicated that the main factor affecting the response is screw 

rotation (B), also (A) have strong effect on the response and (C). The Final 

mathematical model in terms of coded factors as determined by the Design-Expert is 

shown in Eq .5.6:

% of reduction in Y for 2nd recycling = 11.690 +1.133 A + 1.859B -0.859 C +

0.480 A B + 1.391 BC (5.6)

Table 5.10: ANOVA for reducec quadratic mode of the % of reduction of 2 nd stage.

Source
Sum of 
Squares

DF Mean
Square

F
Value

Prob > F

Model 61.139 5 12.228 35.117 0.0279 Significant
A-Barrel Temp. 10.271 1 10.271 29.496 0.0323
B-Screw rotation 27.643 1 27.643 79.388 0.0124
C-Nozzle Temp. 5.901 1 5.901 16.948 0.0542

AB 1.842 1 1.842 5.290 0.1482
BC 15.482 1 15.482 44.462 0.0218

Residual 0.696 2 0.348
Cor Total 61.835 7

R2 =0.989 Adj. R2 =0.961

Pred. R2= 0.820 Adeq .Precision= 17.154
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Predicted vs. Actua l

Fig. 5.11 : Scatter diagram.
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% o f redu c tion  in Y -S t. 2nd

A: Barrel Tem p ., Degree C

(b )

Fig. 5.12: Contour graphs of the effects of the three variables on the % of reduction in

(Y) of the second recycling PP.

243

215

% o f red u c t io n  in Y -S t. 2nd

46 65 83

B Screw  rotation, rpm

173



Chapter 5: Experimental Design

Fig 5.13 shows the cycle time for the eight sets of second recycled PP. The results 

indicated that the screw rotation at 1 0 0  rpm which appears effectible to produced 

samples within less time than 65 and 30 rpm for example barrel temperature at 180 °C, 

screw rotation 100 rpm and nozzle temperature 270 °C. Which appears effectives and 

economically for this range.
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17
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N um ber o f  Process

Fig. 5.13: Cycle time for second stage.

5.4.4. Development of third recycling

For the third stage, the experiment was designed based on three factors and two levels. 

Table 5.1 1 shows the mould inputs variables and experimental design levels used for 

this stage. The experiential was carried out according to the design matrix. The eight sets 

of experiments were carried out to identify the variables having most significant effect
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on response. Table 5.12 shows the process variables and experimental design levels 

used. For this stage the mathematical model was developed successfully to predict the 

percentages of reduction in the yield strength of the thirdly recycled pp.

Table 5.11: The experiment layout and the measured responses for 3rd recycling.

Exp.

No.
Run

Factors Responses
A: Barrel 

Temp

°C

B -.Screw 

Rotation 

Rpm

C :Nozzle 

Temp

°C

(Y) third 

MPa
% of reduced

1 17 180 30 160 24.15 28.36

2 5 270 30 160 23.87 29.87

3 15 180 1 0 0 160 24.63 25.86

4 4 270 1 0 0 160 23.47 32.08

5 16 180 30 270 27.03 14.68

6 8 270 30 270 25.87 19.82

7 18 180 1 0 0 270 25.87 19.82

8 19 270 1 0 0 270 23.56 31.57

Table 5.12: Actual and coded values of the three factors for 3rd recycling.

Code Variables Unit

Low level

(-D

High level

(+D

A Barrel Temp °C 180 270
B Screw Rotation rpm 30 1 0 0

C Nozzle Temp °C 160 270

5.4.4.1. Effects of A, B and C on the % of reduction of the yield strength of the 
third recycling

In this case, the effect of (A, B and C), two factors interaction (BC), and three factors 

interaction effect (ABC) are significant model terms. The results of the ANOVA test is

summarised in Table 5.13. It is evident from Table 5.13 that the model is significant
* 2since the “Prob>F” is less than 0.05. The adequacy measures considered herein are R 

0.997, Adj- R2 0.990; Pred- R2 0.954, all these measures are in reasonable agreement and 

confirm that the model is adequate. Also the adequate precision ratio 31.446 is greater
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than 4, which indicates a desirable model. Fig. 5.14 a scatter plot shows the 

relationship between the actual and predicted values of the response. This figure 

indicates that the developed models are adequate because the residuals in prediction of 

response are tiny and the residuals tend to be close to the diagonal line. Contour graphs 

Fig. 5.15a and b a showing the effects of the three factors (A, B) and (B, C) on the 

response of the third recycled PP. From Fig. 5.15a it is evident that as the nozzle 

temperature increases and the screw rotation decreases a good property of the product is 

produced from third recycled PP. From Fig. 5.15b it is evident that as both the screw 

rotation and the barrel temperature decrease good property could be achieved. While, the 

desired quality could be achieved also as the nozzle temperature increased and the barrel 

temperature decreases as can be seen in Fig. 5.16. The Final mathematical model for 

this response in terms of coded factors as determined by the software is presented in Eq 
.5.7:

% of reduction in Y of the third stage = 20.948 + 1.012 A + 2.335 B - 1.536 C +

2.399 C - 0.859 ABC (5.7)

Table 5.13: ANOVA for reduced quadratic mode of the % of reduction of 3rd stage.

Source
Sum of 
Squares DF Mean

Square
F

Value Prob > F

Model 122.632 5 24.526 137.735 0.0072 Significant
A-Barrel Temp. 8.195 1 8.195 46.020 0 . 0 2 1 0

B-Screw rotation 43.606 1 43.606 244.880 0.0041
C-Nozzle Temp. 18.882 1 18.882 106.034 0.0093

BC 46.049 1 46.049 258.601 0.0038
ABC 5.901 1 5.901 33.140 0.0289

Residual 0.356 2 0.178
Cor Total 122.988 7

R2 = 0.997 Adj. R2= 0.990
Pred. R2= 0.954 Adeq. Precision= 31.446
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% o f red u c t io n  in Y -S t, 3 rd

30 48 65 83 100

B S crew  rotation, rpm

(a)

% o f red u c t io n  in Y -S t ,  3 rd

180 202 .5  225 2 47 .5  270

A: Barre l T em p ., D egree  C

(b)

Fig. 5.15: Contours graph showing the effects of three variables on the % of reduction in (y)
of the third recycling PP.
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%  of reduction in Y-St, 3rd

188

202.5 225 247.5

A: Barre l T e m p . ,  D e g re e  C

Fig. 5.16: Contours graph shows the effects of the nozzle temperature and barrel 
temperature on the response of the third recycled PP.

Fig 5.17 shows the cycle time in eight set of third recycled. The results indicated that the 

screw rotation at 1 0 0  rpm which appears effectible to produced samples within less time 

than 65 and 30 rpm for example barrel temperature at 270 °C, screw rotation 100 rpm 

and nozzle temperature 160°C. Which appears effectives and economically for this 

range.
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□ 4 100 17
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■  7 100 17
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Fig. 5.17: Cycle time in third stage.

5.5. Recycling process of mixture raw material PP

In This experiment, the recycled material was mixed with raw material with different 

percentages in order to enhance the quality of the final product. Table 5.14 shows the 

input variables, percentage of raw material and the experimental design levels used for 

this stage. Fifty-four different experiments for each stage were carried out and 

specimens of tensile strength were produced for each experiment in each stage. The 

responses which been considered herein are Y, UTS and operating cost per 500 samples 

(OC), at each stage. The experiments for each stage were designed based on four factors 

factorial design with three factors with three levels (the barrel temperature, screw 

rotation and percentage of raw material) as well as one factor with two levels (nozzle 

temperature).
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5.5.1. Development of first recycling

For the first recycling stage, Table 5.14 shows the process variables and experimental 

design levels used. Table 5.15 and Table 5.16 show the mould inputs variables used for 

this stage and the responses values corresponding to each experiment.

’able 5.14: Process variables and ex lerimental desisn levels used.

Code Variables Unit
Limits coded/actual

-1 0 +1
A Barrel temp. °C 180 225 270
B Nozzle Temp °C 160 - 270
C Screw Rotation rpm 30 65 1 0 0

D % of RM. % 5 2 0 35

Table 5.15: Experimental layout for first recycled material.
No. R u n A B C D N o. R u n A B C D

1 39 270 160 100 35 28 5 270 270 65 20
2 18 225 160 100 35 29 8 225 270 65 20
3 52 180 160 100 35 30 13 180 270 65 20
4 16 270 270 100 35 31 20 270 160 30 20
5 47 225 270 100 35 32 4 225 160 30 20
6 38 180 270 100 35 33 22 180 160 30 20
7 30 270 160 65 35 34 15 270 270 30 20
8 19 225 160 65 35 35 33 225 270 30 20
9 31 180 160 65 35 36 14 180 270 30 20
10 42 270 270 65 35 37 35 270 160 100 5
11 24 225 270 65 35 38 9 225 160 100 5
12 2 180 270 65 35 39 17 180 160 100 5
13 13 270 160 30 35 40 40 270 270 100 5
14 20 225 160 30 35 41 10 225 270 100 5
15 4 180 160 30 35 42 34 180 270 100 5
16 22 270 270 30 35 43 49 270 160 65 5
17 15 225 270 30 35 44 50 225 160 65 5
18 33 180 270 30 35 45 5 180 160 65 5
19 14 270 160 100 20 46 8 270 270 65 5
20 35 225 160 100 20 47 13 225 270 65 5
21 9 180 160 100 20 48 20 180 270 65 5
22 17 270 270 100 20 49 4 270 160 30 5
23 40 225 270 100 20 50 22 225 160 30 5
24 10 180 270 100 20 51 15 180 160 30 5
25 34 270 160 65 20 52 33 270 270 30 5
26 49 225 160 65 20 53 14 225 270 30 5
27 50 180 160 65 20 54 35 180 270 30 5
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Table 5.16: Responses values corresponding to each experiment
No. Run Y UTS OC No. Run Y UTS OC

1 39 349.00 265.55 0.6654 28 5 350.56 254.11 0.7536
2 18 336.11 252.67 0.6457 29 8 340.33 243.44 0.7314
3 52 352.33 264.11 0.6259 30 13 348.78 259.44 0.7092
4 16 336.78 255.33 0.6699 31 2 0 342.56 250.78 0.9566
5 47 334.78 265.00 0.6501 32 4 344.89 249.44 0.9282
6 38 335.11 258.44 0.6304 33 2 2 350.33 255.00 0.8998
7 30 333.33 244.33 0.7486 34 15 340.67 261.22 0.9630
8 19 336.00 257.00 0.7264 35 33 352.67 260.33 0.9346
9 31 351.78 261.89 0.7042 36 14 351.22 266.11 0.9062
10 42 341.33 283.33 0.7536 37 35 337.67 275.33 0.6654
11 24 369.11 286.00 0.7314 38 9 347.11 251.78 0.6457
12 2 367.44 276.67 0.7092 39 17 355.33 259.22 0.6259
13 13 352.56 267.33 0.9566 40 40 334.00 233.00 0.6699
14 2 0 382.89 282.56 0.9282 41 1 0 348.33 257.22 0.6501
15 4 350.33 252.00 0.8998 42 34 343.78 250.56 0.6304
16 2 2 359.11 280.78 0.9630 43 49 346.89 268.33 0.7486
17 15 340.33 271.78 0.9346 44 50 351.33 256.00 0.7264
18 33 356.78 265.67 0.9062 45 5 357.78 257.11 0.7042
19 14 348.56 268.44 0.6654 46 8 351.56 270.78 0.7536
20 35 360.44 260.89 0.6457 47 13 337.11 265.00 0.7314
21 9 349.78 253.22 0.6259 48 2 0 345.11 257.89 0.7092
22 17 346.78 252.89 0.6699 49 4 339.22 246.89 0.9566
23 40 349.22 259.33 0.6501 50 2 2 338.67 252.11 0.9282
24 1 0 336.89 252.33 0.6304 51 15 348.78 250.67 0.8998
25 34 351.11 266.89 0.7486 52 33 310.78 255.78 0.9630
26 49 346.33 282.11 0.7264 53 14 337.11 266.00 0.9346
27 50 317.67 252.00 0.7042 54 35 339.67 260.00 0.9062

5.5.1.1. Effects of C, D on the yield strength in the first recycling

In this case, the main effect of the two factors C and D and their interaction effect are 

significant model terms. The results of the ANOVA test is summarised in Table 5.17. It 

is evident from Table 5.17, that the model is significant since the “Prob>F” is less than 

0.05. The adequacy measures considered herein are R2 of 0.193, Adj- R2 of 0.144 Pred-
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R2 of 0.054, all these measure are in reasonable agreement and confirm that the model is 

adequate. Also the adequate precaution ratio 6.557 is greater than 4, which indicates a 

desirable model. Fig. 5.18 is an interaction graph shows the relationship between the 

two factors C and D on response (Y), it is evident that as the percentage of raw material 

(D) increased higher yield strength can be achieved Fig. 5.19 is a perturbation graph 

show the effect of two factors C and D on response, it is evident that as the screw 

rotation increased, poor yield strength will result despite the addition of raw material this 

can be notched from Fig. 5.18 as well. Furthermore, the graph indicated also that when 

the percentage of raw material is being increased this would result in higher tensile 

strength. The results indicate good relationship between the experimental and predicted 

values of (Y) of the first recycled PP. The results of (ANOVA) test indicated that the 

factor (D) - percentage of RM. is the most significant factor affecting this response. The 

Final mathematical models for this response in terms of coded factors as determined by 

the Design-Expert are shown in Eq.5.8. While, the final mathematical models in terms of 

actual factors are presented in Eqs. 5.9:

Y-Strength First = 346.0019 - 1.01541C + 3.19138D - 6.24537 CD (5.8)

Y-Strength First = 328.1678 + 0.208907 Screw Rotation + 0.985996 % of RM.

- 0.0119 Screw Rotation *% RM. (5.9)

Table 5.17: ANOVA analysis 'or (Y) with the model in the first stage mixture material

Source
Sum of 
Squares

Df Mean
Square

F Value Prob > F

Model 1339.887 3 446.629 3.993 0.0126 Significant
C-Screw rotation 37.117 1 37.117 0.331 0.5671

D-% of RM. 366.656 1 366.656 3.278 0.0762
CD 936.113 1 936.113 8.370 0.0056

Residual 5591.871 50 111.837
Cor Total 6931.759 53

R2 = 0.193 Adj. R" =0.144
Pred. R2= 0.054 Adeq .Precision= 6.557
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Interaction

C: Screw rotaion, rpm

Fig. 5.18: Interaction graph shows the effect of C and D on Y for the first stage.

Perturbation

Deviation from Reference Point (Coded Units)

Fig. 5.19: Perturbation graph sh ow s the effect C and D on Y for the first stage.
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5.5.1.2. Effects of B, C and D on the ultimate tensile strength in the first recycling

In this case of the first stage, the main factor effect of (B, C and D), two interaction 

effects of (BC) and three factors interaction effect (BCD) are significant model terms. 

The results of the ANOVA test are summarised in Table 5.18. It is evident from Table

5.18 that the model is significant since the “Prob>F” is less than 0.05. The adequacy 

measures considered herein are R2 of 0.234, Adj- R2 of 0.171, Pred- R2 of 0.088, all these 

measure are in reasonable agreement and confirm that the model is adequate. Also the 

adequate precision ratio of 6.717 is greater than 4, which indicates a desirable model. 

Fig. 5.20 shows contours graph, which presented the effects of two variables (B and C) 

on the UTS of the first recycled PP; it is evident that as the screw rotation increases and 

nozzle temperature increases the UTS would increase. Fig.5.21 Contours graph shows 

the effects of C and D on UTS, it is evident that as the screw rotation decreases and 

percentage of raw material increased the UTS enhances. Fig.5.22 presented 3D graph 

which shows the effect of C and A on the UTS, it is evident that as the barrel 

temperature increased and screw rotation increased the UTS would decrease. Fig.5.23 is 

a Perturbation graph shows the effect of the three factors B, C and D on UTS for the first 

recycling stage, it is evident that as the nozzle temperature and percentage of raw 

material increase this would result in increasing the UTS. Furthermore, the graph 

indicated that when the screw rotation increased this would reduce the UTS. The 

results of (ANOVA) test indicated that the factor (D)-% of Raw material is the most 

significant factor that would affect the product quality of first recycling stage. Table

5.18 shows the ANOVA results for UTS of the first stage mixture material PP. The final 

mathematical model for UTS of the first recycling in terms of coded factors as 

determined by the Design-Expert is shown in Eq .5.10. While, the final mathematical 

model in terms of actual factors is presented in Eqs. 5.11:

UTS-First = 260.5945 + 1.199623B- 1.642C + 4.354917D - 4.11109BC (5.10)
UTS- First = 223.3025 + 0.160627 Nozzle Temp + 0.412247 Screw Rotation

+ 0.290328 % RM. - 0.00214 Nozzle Temp * Screw Rotation (5.11)
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Table 5.18: Presents A N O V A  analysis for UTS w ith the model in the first stage mixture
material.

Source
Sum of 
Squares df Mean

Square F Value Prob > F

Model 1465.963 4 366.490 3.747 0.0097 Significant
B-Nozzle Temp 77.711 1 77.711 0.794 0.3771

C-Screw Rotation 97.061 1 97.061 0.992 0.3240
D-% of R.M. 682.750 1 682.750 6.980 0.0110

BC 608.439 1 608.438 6.221 0.0160
Residual 4792.377 49 97.803

Cor Total 6258.34 53

R2 = 0.234 Adj. R2= 0.171

Pred.R2 =0.088 Adeq .Precision- 6.717

UTS First, MPa
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Fig.5.20: Contours graph show s the effects o f  C and B on UTS at the first stage.
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F ig .5 .21: Contours graph shows the effects o f  C and D on UTS at the first stage.

F ig .5.22: 3D  graph show  the effect o f  C and A on UTS at first stage.
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Perturbation

Deviation from Reference Point (Coded Units)

Fig.5.23: Perturbation graph show the effect of B, C and D on UTS at first stage. 

5.5.2. Development of second recycling
For the second recycling stage, Table 5.19 shows the process variables and 

experimental design levels used. Table 5.20 and Table 5.21 present the mould inputs 

variables used for this recycling stage.

able 5.19: Process variables and experimental design levels used.

Code Variables Unit
Limits coded/actual

-1 0 +1

A Barrel temp. °c 180 225 270
B Nozzle Temp °c 160 - 270
C Screw Rotation Rpm 30 65 1 0 0

D % of RM. % 10 25 40
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Table 5.20: Experimental layout for second recyclcd material.
No. Run A B c D No. Run A B C D

1 39 270 160 100 40 28 8 225 270 65 25
2 18 225 160 100 40 29 11 180 270 65 25
3 52 180 160 100 40 30 37 270 160 30 25
4 16 270 270 100 40 31 44 225 160 30 25
5 47 225 270 100 40 32 8 225 270 65 25
6 38 180 270 100 40 33 36 180 160 30 25
7 30 270 160 65 40 34 41 270 270 30 25
8 19 225 160 65 40 35 3 225 270 30 25
9 31 180 160 65 40 36 26 180 270 30 25
10 42 270 270 65 40 37 32 270 160 100 10
11 24 225 270 65 40 38 51 225 160 100 10
12 2 180 270 65 40 39 29 180 160 100 10
13 13 270 160 30 40 40 45 270 270 100 10
14 20 225 160 30 40 41 12 225 270 100 10
15 4 180 160 30 40 42 21 180 270 100 10
16 22 270 270 30 40 43 25 270 160 65 10
17 15 225 270 30 40 44 28 225 160 65 10
18 33 180 270 30 40 45 23 180 160 65 10
19 14 270 160 100 25 46 53 270 270 65 10
20 35 225 160 100 25 47 6 225 270 65 10
21 9 180 160 100 25 48 27 180 270 65 10
22 17 270 270 100 25 49 1 270 160 30 10
23 40 225 270 100 25 50 48 225 160 30 10
24 10 180 270 100 25 51 7 180 160 30 10
25 34 270 160 65 25 52 43 270 270 30 10
26 49 225 160 65 25 53 46 225 270 30 10
27 50 180 160 65 25 54 54 180 270 30 10
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Table 5.21 : Res Donses va ues corresponding to each experim ent for 2nd

No. Run Y UTS OC No. Run Y UTS OC
1 39 334.00 247.44 0.6654 28 5 348.67 267.22 0.7536
2 18 345.11 244.67 0.6457 29 8 343.00 255.11 0.7314
3 52 360.00 252.44 0.6259 30 13 359.67 261.67 0.7092
4 16 353.67 241.56 0.6699 31 20 338.33 250.00 0.9566
5 47 347.67 266.00 0.6501 32 4 339.22 249.67 0.9282
6 38 357.00 273.11 0.6304 33 22 354.56 259.22 0.8998
7 30 348.56 254.11 0.7486 34 15 349.56 254.11 0.9630
8 19 354.56 261.33 0.7264 35 33 341.00 251.44 0.9346
9 31 363.56 266.00 0.7042 36 14 346.89 262.44 0.9062
10 42 344.44 270.78 0.7536 37 35 337.11 246.11 0.6654
11 24 353.22 256.78 0.7314 38 9 349.67 244.11 0.6457
12 2 352.56 268.11 0.7092 39 17 347.44 255.22 0.6259
13 13 335.78 243.11 0.9566 40 40 338.78 255.67 0.6699
14 20 336.78 253.78 0.9282 41 10 339.78 246.78 0.6501
15 4 352.44 264.33 0.8998 42 34 344.89 242.00 0.6304
16 22 347.89 263.00 0.9630 43 49 340.44 248.89 0.7486
17 15 348.56 259.89 0.9346 44 50 342.22 248.33 0.7264
18 33 357.00 275.00 0.9062 45 5 354.89 260.44 0.7042
19 14 348.00 247.44 0.6654 46 8 343.78 257.11 0.7536
20 35 346.44 255.00 0.6457 47 13 334.44 259.11 0.7314
21 9 367.11 267.67 0.6259 48 20 348.33 249.78 0.7092
22 17 349.78 252.78 0.6699 49 4 330.00 236.33 0.9566
23 40 337.67 249.67 0.6501 50 22 350.78 256.33 0.9282
24 10 351.11 331.67 0.6304 51 15 353.78 258.56 0.8998
25 34 347.33 248.11 0.7486 52 33 345.33 268.44 0.9630
26 49 350.78 253.44 0.7264 53 14 341.67 239.78 0.9346
27 50 360.78 261.11 0.7042 54 35 339.89 251.44 0.9062
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5.5.2.1. Effects o f A, B, C and D on the yield streng th  in the second recycling

In this case, the main factors effect of (A, B and C), two interaction effects of (AB) and 

three factors interaction effect (ABC) are significant model terms. The results of the 

ANOVA test is summarised in Table 5.22. It is evident from Table 5.22, that the model 

is significant since the “Prob>F” is less than 0.05. The adequacy measures considered 

herein are R2 of 0.552, Adj- R2 of 0.506, Pred- R2 0.442, all of these measure are in 

reasonable agreement and confirm that the model is adequate. Also the adequate 

precaution ratio 10.708 is greater than 4, which indicates a desirable model. Fig. 5.24 is 

a contours graph shows the effect of the two factors A and B on the response (Y), it is 

obvious that as both the barrel temperature and nozzle temperature are decrease, the 

response would improve. Fig. 5.25 contours graph shows the effects of B ad D on Y. It 

is clear for low amount of raw material, that as percentage of raw material increases and 

the nozzle temperature decreases the desired quality can be achieved, but at high 

percentage of raw material the desired quality can be achieved by using high nozzle 

temperature. It is evident Fig. 5.25 that as the nozzle temperature and percentage of raw 

material increased good properties can be obtained. Furthermore, the graph indicated 

that the screw rotation increased it can obtained decreased UTS. The results of ANOVA 

test indicate that the barrel temp (A) is most major factor affecting the product quality 

for second recycling. Table 5.22 shows the ANOVA analysis for (Y) for the second 

stage. The Final mathematical model for the yield strength of the second recycling in 

terms of the coded factors as determined by the software is shown in Eq .5.12. While, 

the final mathematical model in terms of actual factors is presented in Eqs. 5.13:

Y-Strength second = 347.3311-5.29014 A - 0.43415 B + 3.043194 +

3.320972 A B+ 1.685176 BD (5.12)

Y-Strength second = 446.2961 - 0.40605 * Barrel Temp - 0.36087 * Nozzle Temp -

0.23629 % R. M + 0.001342 Barrel Temp * Nozzle Temp +

0.002043 Nozzle Temp* % of RM (5.13)
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Table 5.22: ANOVA analysis for Y with the model in the 2nd stage mixed material 1

Source Sum of 
Squares df Mean

Square F Value Prob > F

Model 1850.328 5 370.065 11.861 <0.0001 Significant
A-Barrel Temp 1007.481 1 1007.481 32.292 <0.0001
B-Nozzle Temp 10.17817 1 10.178 0.326 0.5705
D-% of R. M. 333.397 1 333.397 10.686 0.0020

AB 397.038 1 397.038 12.726 0.0008
BD 102.233 1 102.233 3.276 0.0765

Residual 1497.517 48 31.198
Cor Total 3347.845 53

R2 = 0.552 Adj. R2= 0.506
Pred. R2= 0.442 Adeq .Precision= 10.708

YS second
270 oo

242.50

a .
EcuH
®  215 0 0 -

8Z
CO

107 5 0 -

160 00

A: Parrel Tem p

Fig. 5.24: Contours graph shows the effects of A and B on Y for second stage.
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Fig. 5.25: Contours graph shows the effects of B ad D on Y for the second stage.

Perturbation

D e v ia tio n  from  R e fe re n ce  P o in t  (C oded Units)

Fig. 5.26: Perturbation graph show the effect A, B and D on Y for the second stage.
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5.5.2.2. Effects of A, B and D on the UTS of the second recycling

In this case, the main effects of the three factor effects (A, B and D) are significant 

model terms. The results o f the ANOVA test are summarised in Table 5.23. It is evident 

from Table 5.23, that the model is significant since the “Prob>F” is less than 0.05. The 

adequacy measures considered herein are R2 of 0.247, Adj- R2 of 0.202; Pred- R2 of

0.127, all these measure are in reasonable agreement and confirm that the model is 

adequate. Also the adequate precaution ratio 7.978 is greater than 4, which indicates a 

desirable model. Fig. 5.27 contours graph shows the effects of A and B on UTS, it is 

clear that as the nozzle temperature increases and the barrel temperature decreases the 

desirable quality could be reached. Fig. 5.28 contours graph shows the effects of C and 

D on UTS, it is evident that the screw rotation (C) has no significant effect, but as the 

percentage of raw material increases the UTS of the second stage improves. The results 

o f ANOVA test indicate that the barrel temperature (A) is the most important factor 

affecting the product quality of second recycling stage. The Final mathematical model 

for ultimate tensile strength for the second recycling in terms of coded factors as 

determined by the Design-Expert is shown in Eq.5.14. Whilst, the final mathematical 

models in terms of actual factors are presented in Eqs. 5.15:

UTS -Second recycle = 256.7345 - 5.77778A+ 3.652253B+ 3.805574D (5.14)

UTS -Second recycle = 265.0038 -0.1284 ^Barrel Temp+ 0.066405

* Nozzle Temp+ 0.253705 * % RM. (5.15)
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Table 5.23: ANOVA analysis for UTS with the model in the 2nd stage mixed material.

Source Sum of 
Squares df

Mean
Square F

Value
Prob > 

F

Model 2443.447 3 814.482 5.480 0.0025 Significant
A-Barrel Temp 1201.778 1 1201.778 8.086 0.0064
B-Nozzle Temp 720.303 1 720.303 4.846 0.0323
D-% of R. M. 521.366 1 521.366 3.508 0.0669

Residual 7430.614 50 148.612
Cor Total 9874.061 53

R1 = 0.247 Adj. R2= 0.202
Pred. R2= 0.127 Adeq .Precision= 7.978

UTS second, MPa

00 202 50  225 00 247 50 270  00

A : B arre l T e m p , d e g re e  C

Fig. 5.27: Contours graph shows the effects of A and B on the UTS for the second
stage.
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UTS second, MPa

w
ü

D: % o f R. M

Fig. 5.28: Contours graph shows the effects of C and D on the UTS for the second
stage.

5.5.3. Development of third recycling
For the third recycling stage, Table 5.24 illustrates the process variables and 

experimental design levels used. Table 5.25 and Table 5.26 show the mould inputs 

variables and the responses values corresponding to each experiment.

Table5.24: Process variables and experimental design levels used

Code Variables Unit
Limits coded/actual

-1 0 +1

A Barrel temp. °C 180 225 270
B Nozzle Temp °C 160 - 270
C Screw Rotation rpm 30 65 100
D % of RM. % 20 35 50
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Table 5.25: Experimental layout for third recycled materia .
No. Run A B C D No. Run A B C D

1 39 270 160 100 50 28 5 270 270 65 35
2 18 225 160 100 50 29 8 225 270 65 35
3 52 180 160 100 50 30 11 180 270 65 35
4 16 270 270 100 50 31 37 270 160 30 35
5 47 225 270 100 50 32 44 225 160 30 35
6 38 180 270 100 50 33 36 180 160 30 35
7 30 270 160 65 50 34 41 270 270 30 35
8 19 225 160 65 50 35 3 225 270 30 35
9 31 180 160 65 50 36 26 180 270 30 35
10 42 270 270 65 50 37 32 270 160 100 20
11 24 225 270 65 50 38 51 225 160 100 20
12 2 180 270 65 50 39 29 180 160 100 20
13 13 270 160 30 50 40 45 270 270 100 20
14 20 225 160 30 50 41 12 225 270 100 20
15 4 180 160 30 50 42 21 180 270 100 20
16 22 270 270 30 50 43 25 270 160 65 20
17 15 225 270 30 50 44 28 225 160 65 20
18 33 180 270 30 50 45 23 180 160 65 20
19 14 270 160 100 35 46 53 270 270 65 20
20 35 225 160 100 35 47 6 225 270 65 20
21 9 180 160 100 35 48 27 180 270 65 20
22 17 270 270 100 35 49 1 270 160 30 20
23 40 225 270 100 35 50 48 225 160 30 20
24 10 180 270 100 35 51 7 180 160 30 20
25 34 270 160 65 35 52 43 270 270 30 20
26 49 225 160 65 35 53 46 225 270 30 20
27 50 180 160 65 35 54 54 180 270 30 20

196



Chapter 5: Experimental Design

Table 5.26: Responses va ues corresponding to each experiment for 3n .
No. Run Y UTS OC No. Run Y UTS OC

1 39 347.44 253.11 0.6654 28 5 351.11 237.33 0.7536
2 18 353.56 250.78 0.6457 29 8 356.00 247.56 0.7314
3 52 357.78 263.11 0.6259 30 11 348.78 256.00 0.7092
4 16 336.22 242.22 0.6699 31 37 355.78 252.11 0.9566
5 47 349.11 245.00 0.6501 32 44 347.11 247.44 0.9282
6 38 356.44 253.11 0.6304 33 36 352.78 251.78 0.8998
7 30 350.11 247.67 0.7486 34 41 329.78 243.78 0.9630
8 19 340.67 249.33 0.7264 35 3 339.11 242.67 0.9346
9 31 356.00 254.22 0.7042 36 26 340.67 249.22 0.9062
10 42 352.33 256.78 0.7536 37 32 335.00 236.78 0.6654
11 24 345.11 243.33 0.7314 38 51 339.00 245.67 0.6457
12 2 349.78 254.11 0.7092 39 29 349.44 259.33 0.6259
13 13 345.78 246.00 0.9566 40 45 338.00 251.89 0.6699
14 20 354.89 256.22 0.9282 41 12 335.78 243.56 0.6501
15 4 361.11 260.78 0.8998 42 21 344.22 257.33 0.6304
16 22 350.1 1 259.89 0.9630 43 25 335.00 251.33 0.7486
17 15 360.22 265.78 0.9346 44 28 344.67 253.22 0.7264
18 33 362.00 264.67 0.9062 45 23 347.78 251.33 0.7042
19 14 344.00 245.67 0.6654 46 53 342.67 266.33 0.7536
20 35 353.67 251.33 0.6457 47 6 341.56 251.22 0.7314
21 9 356.22 248.67 0.6259 48 27 350.89 262.11 0.7092
22 17 346.89 256.56 0.6699 49 1 335.67 237.44 0.9566
23 40 343.78 247.56 0.6501 50 48 343.11 249.78 0.9282
24 10 346.78 263.56 0.6304 51 7 348.44 252.00 0.8998
25 34 348.00 256.44 0.7486 52 43 347.44 248.33 0.9630
26 49 354.89 253.11 0.7264 53 46 338.44 268.78 0.9346
27 50 355.1 1 257.78 0.7042 54 54 339.89 257.89 0.9062

5.5.3.1. Effects of A, B and D on the yield strength in the third recycling

In this case the main effects of the three factors (A, B and D) are significant model 

terms. The results of the ANOVA test are summarised in Table 5.27. It is evident from

Table 5.27, that the model is significant since the “Prob>F” is less than 0.05. The
• ■ 2  * 2  2 adequacy measures considered herein are R" of 0.465, Adj- R“ of 0.433 Pred- R of

0.380, all these measure are in reasonable agreement and confirm that the model is
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A: Barrel T e m p , de gree , C

Fig. 5.29: Contours graph shows the effects o f A and B on Y for the third stage.

353 4

348 6
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82 5

65

47,5 C: Screw rotationD: % of R M

50 00

42 50

Fig. 5.30: 3D graph shows the effects o f  C and D on Y for the third stage.
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Perturbation

Deviation from Reference Point (Coded Units)

Fig. 5.31: Perturbation graph shows the effects of A, B and D on Y for the third stage.

5.5.3.2. Effects o f A on the  ultim ate tensile strength  of the th ird  recycling

In this case, the main factor effect of (A) is significant model term. The results o f the 

ANOVA test are summarised in Table 5.28. It is evident from Table 5.28, that the 

model is significant since the “Prob>F” is less than 0.05. The adequacy measures 

considered herein are R2 o f 0.153, Adj- R2 of 0.136, Pred- R2 of 0.087, all these measure 

are in fair agreement and confirm that the model is adequate. Also the adequate 

precision ratio 5.309 is greater than 4, which indicates a desirable model. Fig. 5.32 one 

factor effect grape shows the effect of (A) on UTS. It is evident that as the barrel 

temperature (A) increased the (UTS) decreases for the third stage. The final

mathematical model for the ultimate tensile strength - third recycling in terms of coded 

factors as determined by the Design-Expert is shown in Eq.5.18. While, the final

2 0 0
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mathematical model in terms of actual factors is presented in Eqs. 5.19: Table 5.29 

shows cycle time of first, second and third recycling stage with mixed raw PP.

UTS- Third = 252.2036 -  0.53704 A (5.18)

UTS- Third= 269.8888 - 0.0786 * Barrel Temp (5.19)

Table 5.28: ANOVA analysis for UTS o f the model in the 3rd stage mixed material.

Source
Sum of 
Squares Df

Mean
Square F Value Prob > F

Model 450.382 1 450.382 9.395 0.0034 Significant
A-Barrel Temp 450.382 1 450.382 9.395 0.0034

Residual 2492.641 52 47.935
Cor Total 2943.024 53

R2 = 0.153 Adj. R2 = 0.136
Pred. R¿= 0.087 Adeq .Precision= 5.309

One Factor
269 0 —

260 a -

ro j

■p
■= 252 5 —

c/>
=) T

244.3 —

236 0 -

i i i i i
laooo  202 50 225 00 247,50 270 00

A: Barrel Temp, degree, C

Fig. 5.32: Interaction grape show  the effect o f  C on UTS at third stage.

201



Chapter 5: Experimental Design

Table 5.29: Cycle time of first, second and third recycling stage with mixed raw PP.
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5.6. O perating  cost calculation

Recycling operating cost can be estimated as Euro per hour or Euro per sample for 

particular injection moulding machine type HM7, The barrel and nozzle- changed after 

10 years, barrel temperature max 400°C, nozzle temperature max 400°C. Also oil 

heraldic uses 17 litres changed after three years or after 1,000,000 samples as mention in 

Table 5.1 chapter 5. The total approximated operating cost per hour or per sample as a 

function of the output power can be estimated by Eq.5. 20 and Eq.5.21. Table 5. 30 

show the elements of operating costs of the injection moulding HM7.

Table 5.30: Operating costs break down.

No. Elements of cost Calculi) tions Operating
cost €Vh

1 Machine power cost 1.5 [kW]*€ 0.104/[kWh] 0.15600
2 Barrel 0.76 [kWh]* (€ 0 .104/[kWh])* Tb/400 0.0001976*Tb

1" 3 Nozzle 0.07 [kWh]* (€ 0.104/[kWh])* Tn/400 0.0000182*Tn
f ' 4 Replacing the screw € 2050/ 10 years*52 w/y*5days/w*24h/day 0.03285

! 5 Replacing the barrel 6 1880/ 10 years*52 w/y*5days/w*24h/day f 0.03013
6 ' Replacing the nozzle € 330/ 10 years*52 w/y*5days/w*24h/day j 0.00481
7 Labour cost (8h/62400h) *€ 400/8h j ' 0.00641
8 Oil heraldic price (€ 20/litre)* 171itre/(3y*52w/y*7*days/w*24h/day) 0.01297

f 9 Mould Cost € 2000/(1000000 sample* t h/sample) 0.002 * t

OC [€/h] = (0.24317 + 0.000l976*Tb + 0.0000182*Tn + 0.002 * t) (5.20)

OC [€/sample] -  (0.24317 + 0.0001976*Tb + 0.0000182*Tn + 0.002 * t)*t (5.21)

Where:

Tb- is the barrel temperature.

Tn- is the nozzle temperature.
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5.6.1. Effects o f A, B and C on the operating  cost

In this case the main three factor effect of (A, B and C), are significant model terms. The 

results of the ANOVA test are summarised in Table 5.31. It is obvious from Table

5.31, that the model is significant since the “Prob>F” is less than 0.05. The adequacy 

measures considered herein are R2 of 0.996, Adj- R2 of 0.939, Pred- R2 of 0.934 all these 

measure are in reasonable agreement and confirm that the model is adequate. Also the 

adequate precaution ratio 41.221 is greater than 4, which indicates a desirable model. 

Fig. 5.33 contours graph shows the effects of A and C on (OC), it is evident that as the 

barrel temperature increases and the screw rotation decreases the operating cost 

increases. Fig. 5.34 contours graph shows the effects of B and C on (OC), it is clear that 

as the screw rotation decreases and the nozzle temperature increase the operating cost 

increases. Fig. 5.35 perturbation graph shows the effects of three factors A, B and C on 

the (OC), it is evident that as the screw rotation increases the operating cost decreases 

sharply. The Final mathematical model for the operating cost in terms of coded factors 

as determined by the Design-Expert is shown in Eq.5.22. While, the final mathematical 

model in terms of actual factors is presented in Eqs. 5.23:

OC = 0.769378 +0.023465 A +0.002642 B - 0.14173 C (5.22)

OC =0.904945 +0.000521 Barrel Temp +4.8E -  05 Nozzle Temp-

0.00405 Screw rotation (5.23)

Table 5.31: ANOVA ana ysis for operating.

Source
Sum of 
Squares df Mean

Square F Value Prob > F

A-Barrel Temp 0.7433 3 0.2477 276.7871 <0.0001 Significant
B-Nozzle Temp 0.0198 1 0.0198 22.1413 <0.0001

C-Screw rotation 0.0003 I 0.0003 0.4208 0.5195
Residual 0.7231 1 0.7231 807.799 <0.0001
Cor Total 0.0447 50 0.0008

0.7881 53
R2 = 0.943 Adj. R2= 0.939

Pred. R2= 0.934 Adeq. Predsion= 41.221
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operating cost Euro/500 sample
270 00 -
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^  225 00
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Fig.5.33: Contours graph shows the effects of A and C on OC.
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Fig. 5.34: Contours graph shows the effects o f  B and C on OC.
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Perturbation

Deviation from Reference Po int (Coded Units)

Fig. 5.35: Perturbation graph shows the effects of A, B and C on OC.

5.7. O ptim isation

5.7.1. F irst recycling

5.7.1.1. Num erical O ptim isation

In the numerical optimisation of PP plastic material for this stage, two optimization 

criteria were implemented to produce sound recycling products at relatively low 

operating cost as presented in Table 5.32. The first criterion goal is to reach maximum 

yield strength and ultimate tensile strength at relatively low operating cost by using the 

limitation listed in Table 5.32. Table 5.33 presents the optimal moulding conditions the 

desirable optimal conditions would be achieved for second stage. However, for the first 

criterion the barrel temperature has to be set between 180.02 and 184.24 °C with screw 

rotation between 93.99 and 94.53 rpm, while the nozzle temperature has to be set to 

between 160 and 161.54 °C and the percentage of raw material has to be around 35% to 

achieve the maximum yield strength and ultimate tensile strength. Implementing these 

moulding conditions would result in excellent mechanical properties of the first recycled
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material, as presented in Table 5.33. Table 5.34 presents the optimal solution based 

second optimisation criteria. The optimisation results clearly demonstrate that, the barrel 

temperature has to be around 180 °C; the nozzle temperature has to be around 160 °C, 

the screw rotation of about 100 rpm and raw material of 5% to achieve the maximum 

yield strength and ultimate tensile strength. To optimise the yield strength and ultimate 

tensile strength to be of about 343 MPa and 266 MPa respectively in the first criterion 

the operating cost would be of about € 0.6259 per 500 samples as can seen in Table

5.32. While, maximise the responses to be of about 348 MPa and 257 MPa respectively 

in the second criterion the operating cost should be around € 0.6015 per 500 samples as 

can seen in Table 5.34.

5.7.1.2. G raphical O ptim isation

In the graphical optimisation, the range of each response has been selected from the 

numerical optimisation results. The ranges obtained from the two criteria which were 

proposed in the numerical optimisation were brought into graphical optimisation as well. 

The green area on overly plot Fig. 5.36 and Fig. 5.37, which are the region that meet 

the first and the second criterion of the first recycling at D= 35% of raw material for the 

first criteria and for the second criteria D= 5% of raw material respectively.

Table 5.32: Optimisation criteria used for the first stage.

Parameter or 
Response

Limits

Importance First criterion Second
criterionLower Upper

Barrel Temp 180 270 3 Is in range minimise
Nozzle Temp 160 270 3 Is in range is in range
Screw rotation 30 100 3 Is in range maximise

% of RM. 5 35 3 Is in range minimise
Y First 310.778 382.888 5 maximize maximise

UTS First 233 286 5 maximize maximise
OC for 500 

samples 0.6259 0.9629 5 minimize Minimise
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Table 5.33: Optimal bases on the First criterion for the first stage

No.
Barrel
Temp

Nozzle
Temp

Screw
rotation

% o f
RM. Y First UTS

First

OC for 
500 

samples
Desirability

1 180.04 160.01 93.99 34.99 343.18 265.79 0.625908 0.6526
2 180.55 160 94.06 35 343.17 265.80 0.625897 0.6526
3 180.89 160 94.1 35 343.16 265.80 0.625910 0.6525
4 181.65 160 94.19 35 343.14 265.81 0.625910 0.6524
5 180.02 160.25 93.99 34.83 343.20 265.74 0.625911 0.6524
6 180.17 160.98 94.01 35 343.17 265.76 0.625910 0.6523
7 183.05 160 94.37 35 343.10 265.82 0.625908 0.6523
8 180.03 161.54 94 35 343.18 265.73 0.625911 0.6522
9 183.82 160 94.47 35 343.08 265.83 0.625909 0.6522
10 184.24 160.16 94.53 34.98 343.07 265.82 0.625906 0.6521

Table 5.34: Optimal solution bases on the second criterion for the first stage.

No.
Barrel
Temp

Nozzle
Temp

Screw
rotation

% o f
RM. Y First UTS

First

OC for 
500 

samples
Desirability

1 180 160.03 100 5 348.04 257.51 0.601541 0.7421
2 180 160.08 99.99 5.21 348.00 257.56 0.601593 0.7416
3 180.44 160 100 5.14 348.01 257.55 0.601770 0.7413
4 180.01 160 99.67 5.03 347.99 257.49 0.602898 0.7412
5 180.9 160 100 5 348.04 257.51 0.602010 0.7411
6 180 160 100 5.61 347.92 257.69 0.601548 0.7408
7 180 165.31 100 5 348.04 257.23 0.601794 0.7403
8 181.79 160 99.98 5 348.04 257.51 0.602537 0.7402
9 180.01 160 99.13 5 347.91 257.45 0.605059 0.7400
10 180.01 160 100 6.02 347.83 257.81 0.601548 0.7399
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Overlay Plot
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Fig. 5.36: Overlay plot shows the optimal conditions according to the first criterion at D
= 35% of RM.
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Fig. 5.37: Overlay plot shows the optimal conditions according to the second criterion
at D = 5% of RM.
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5.7.2. Second recycling

5.7.2.1. N um erical O ptim isation

In the numerical optimisation of PP plastic material for this stage, two optimization 

criteria were implemented to produce sound recycling products at relatively low 

operating cost as presented in Table 5.35. The first criterion goal is to reach maximum 

yield strength and ultimate tensile strength at relatively low operating cost by using the 

limitation listed in Table 5.36. Table 5.37 presents the optimal moulding conditions the 

desirable optimal conditions would be achieved for second stage. However, according to 

the first creation for this stage the barrel temperature has to be set to 180 °C with screw 

rotation between 94.63 to 99.88 rpm, while the nozzle temperature has to be set between 

209.71 and 214.23 °C and the percentage of raw material has to be of about 30 % to 

achieve the maximum yield strength and ultimate tensile strength. Implementing these 

moulding conditions would result in excellent mechanical properties of the second 

recycled, as presented in Table 5.36. Table 5.37 presents the optimal solution based 

second optimisation criteria. The optimisation results clearly demonstrate that, the barrel 

temperature has to be around 180 °C; the nozzle temperature has to be around 160 °C 

and the screw rotation of about 100 rpm and percentage of raw material of around 20 % 

to achieve the maximum yield strength and ultimate tensile strength. To optimise the 

yield strength and ultimate tensile strength to be of about 354 MPa and 263 MPa 

respectively in the first criterion the operating cost would be of about € 0.6250 per 500 

samples as can seen in Table 5.36. While, maximise the responses to be of about 356 

MPa and 257 MPa respectively in the second criterion the operating cost should be 

around € 0.6042 per 500 samples as can seen in Table 5.37.

5.7.2.2. G raphical optim isation

In the graphical optimisation, the range of each response has been selected from the 

numerical optimisation results. The ranges obtained from the two criteria, which were
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proposed in the numerical optimisation, were brought into graphical optimisation as 

well. Fig.5. 38 and Fig 5.39 show the green areas on overly plot, which are the region 

that meet the first and the second criterion respectively of second recycling at D= 30% 

for the first criteria and for the second criteria D= 20%.

Table 5.35: Optimisation criteria used for second stage.
Parameter or 

Response
Limits Importance First criterion Second

criterionLower Upper
Barrel Temp 180 270 3 is in range minimise
Nozzle Temp 160 270 3 is in range minimise
Screw rotation 30 100 3 is in range maximise

% of RM. 20 30 3 is in range minimise
Y First 329.999 367.111 5 Maximize maximise

UTS First 236.333 331.666 5 Maximize maximise
OC per 500 

samples 0.6259 0.9629 5 Minimize minimise

Table 5.36: Optimal solution based on the first criterion for second stage.

No. Barrel
Temp

Nozzle
Temp

Screw
rotation

% o f
RM.

Y
Second UTS

Second

OC for 
500 

samples Desirability
1 180 211.85 94.63 30 353.82 263.57 0.625907 0.5681
2 180 211.44 96.54 30 353.84 263.54 0.618196 0.5681
3 180 212.51 96.61 30 353.78 263.62 0.617922 0.5681
4 180 213 94.84 30 353.75 263.65 0.625068 0.5681
5 180 212.89 99.88 30 353.76 263.64 0.604661 0.5681
6 180 210.8 96.42 30 353.88 263.50 0.618692 0.5681
7 180 213.53 94.74 30 353.72 263.68 0.625480 0.5681
8 180 209.71 95.74 30 353.94 263.43 0.621421 0.5681
9 180 213.98 94.67 30 353.70 263.71 0.625758 0.5681
10 180 214.23 98.74 30 353.68 263.73 0.609280 0.5681
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Table 5.37: Optimal solution based on the second criterion for second stage.

No.
Barrel
Temp

Nozzle
Temp

Screw
rotation

% o f
RM.

Y
Second

UTS
Second

OC for 
500 

samples
Desirability

1 180.01 160 100 20 355.92 257.59 0.60418 0.7086
2 180 160 99.54 20 355.92 257.59 0.606050 0.7081
3 180.01 161.16 100 20 355.83 257.67 0.604188 0.7078
4 180.36 160.04 100 20 355.85 257.55 0.604371 0.7077
5 180.29 160.55 100 20 355.83 257.59 0.604330 0.7075
6 180 161.48 99.05 20.01 355.81 257.69 0.608029 0.7065
7 180.68 160.72 99.97 20 355.74 257.55 0.604663 0.7063
8 180 160 97.72 20 355.92 257.59 0.613412 0.7060
9 180.12 160 100 20.38 355.94 257.67 0.604245 0.7060
10 181.01 160.17 100 20 355.72 257.47 0.604707 0.7059

Overlay Plot

B: N ozzel T e m p , degree  C

Fig. 5.38: Overlay plot shows the optimal according to the first criterion of the second
stage at D= 30% of RM.
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Fig. 5.39: Overlay plot shows the optimal according to the second criterion for second
recycling at D = 20% of RM.
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5.7.3. T h ird  recycling

5.7.3.1. N um erical O ptim isation

In the numerical optimisation of PP plastic material for this stage, two optimization 

criteria were implemented to produce sound recycling products at relatively low 

operating cost as presented in Table 5.38. The first criterion goal is to reach maximum 

yield strength and ultimate tensile strength at relatively low operating cost by using the 

limitation listed in Table 5.39. Table 5.40 presents the optimal moulding conditions the 

desirable optimal conditions would be achieved for third stage. However, according to 

the first creation for this stage the barrel temperature has to be set to 180 °C with screw 

rotation between 94.67 to 99.48 rpm, while the nozzle temperature has to be set of about 

160 °C and percentage of raw material of about 50 % to achieve the maximum yield 

strength and ultimate tensile strength. Implementing these moulding conditions would 

result in excellent mechanical properties of the third recycled, as presented in Table 

5.39. Table 5.40 presents the optimal solution based second optimisation criteria. The 

optimisation results clearly demonstrate that, the barrel temperature has to be around 180 

°C; the nozzle temperature has to be around 160 °C and the screw rotation of about 100 

rpm and percentage of raw material of about 20 % to achieve the maximum yield 

strength and ultimate tensile strength. To optimise the yield strength and ultimate tensile 

strength to be of about 357 MPa and 255 MPa respectively in the first criterion the 

operating cost would be of about € 0.8129 per 500 samples as can seen in Table 5.39. 

While, maximise the responses to be of about 347 MPa and 255 MPa respectively in the 

second criterion the operating cost should be around € 0.8129 per 500 samples as can 

seen in Table 5.40.
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5.7.3.2. Graphical Optimisation

In the graphical optimisation, the range of each response has been selected from the 

numerical optimisation results. The ranges obtained from the two criteria, which were 

proposed in the numerical optimisation, were brought into graphical optimisation as 

well. Fig.5.40 and Fig 5.41 show the green/ shaded area on overly plot, which are the 

region that meet the first and the second criterion respectively of third recycling at D= 

50% for the first criteria and for the second criteria D= 21%.

Table 5.39: Optimisation criteria used in the third stage.
Parameter or 

Response
Limits Importance First criterion Second

criterionLower Upper
Barrel Temp 180 270 3 is in range minimise
Nozzle Temp 160 270 3 is in range minimise
Screw rotation 30 100 3 is in range maximise

% of RM. 20 50 3 is in range minimise
Y First 329.777 362 5 Maximise maximise

UTS First 236.777 268.777 5 Maximise Maximise
OC for 500 

samples 0.6259 0.9629 5 minimise Minimise

Table 5.40: Optimal solution based on the first criterion for third stage.

No.
Barrel
Temp

Nozzle
Temp

Screw
rotation

% o f
RM.

Y
Third

UTS
Third

OC for 
500 

samples
Desirability

1 180 160 98.07 50 357.09 255.74 0.61199 0.7948
2 180 160 95.85 50 357.09 255.74 0.620996 0.7948
3 180 160 94.67 50 357.09 255.74 0.625773 0.7948
4 180 160 99.16 50 357.09 255.74 0.607595 0.7948
5 180.01 160 97.59 50 357.09 255.74 0.613954 0.7948
6 180 160 95.52 49.98 357.08 255.74 0.622321 0.7948
7 180 160 98.48 49.97 357.08 255.74 0.61033 0.7947
8 180.01 160.7 98.69 50 357.07 255.74 0.609480 0.7947
9 180 160.9 99.48 50 357.07 255.74 0.606273 0.7946
10 180 161.12 96.88 50 357.06 255.74 0.616809 0.7946
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Table 5.41: Optimal solution based on the second criterion for thirc

No.
Barrel
Temp

Nozzle
Temp

Screw
rotation

% o f
RM.

Y
Third

UTS
Third

OC for 
500 

samples
Desirability

1 180 160 99.98 20.02 347.55 255.74 0.604259 0.8129
2 180 160 100 20.27 347.63 255.74 0.604181 0.8128
3 180 160 99.99 20.66 347.75 255.74 0.604205 0.8126
4 180 160 99.91 20.78 347.79 255.74 0.604542 0.8125
5 180.04 160 100 20.92 347.83 255.73 0.604201 0.8124
6 180 160.03 100 21.07 347.88 255.74 0.604181 0.8124
7 180 160.52 99.96 20 347.53 255.74 0.604346 0.8123
8 180 160.02 100 21.51 348.02 255.74 0.604181 0.8122
9 180.01 160 99.41 20 347.54 255.74 0.606563 0.8121
10 180.37 160 100 20.04 347.53 255.71 0.604372 0.8120

stage.
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Fig. 5.40: Overlay plot shows the optimal according to the first criterion for the third
stage at D= 50% of RM.
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Overlay Plot
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Fig. 5.41: Overlay plot shows the optimal according to the second criterion for the third
recycling at D= 21% of RM.

5.8. Validation of the developed models

In order to validate the model developed for the three recycling stages with mixing raw 

material, some experiments were carried out using molding conditions selected from the 

optimization results for each stage. These optimal conditions are within the range of this 

experiment. An average of at least three experiments was calculated for each confirmation test 

and compared with the predicted value by computing the percentage of error in prediction.
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5.8.1 First stage

Table 5.42 presents the measured responses, predicted responses and the (OC). The 

mathematical models for first recycling clearly demonstrate an outstanding agreement 

between measured and estimated values of the mentioned response since the maximum error 

in prediction is 5.428% as can be seen in Table 5.42.

Table 5.42: Confirmation experiments for first stage.

Exp.
No.

Barrel
Temp

Nozzle
Temp

Screw
rotation

% o f
RM.

Y
First

UTS
First

OC for 
500 

samples

1 180.04 160.01 93.99 34.99

Actual 343.18 265.79 0.625908

Predicted 336.44 262.66 0.625908

Error % 1.964 1.178 0

2 180.01 160 99.67 5.03

Actual 347.99 257.49 0.625913

Predicted 329.10 260.22 0.602899

Error % 5.428 -1.060 3.677

5.8.2 Second stage

The results of the confirmation experiments for the second stage are presented in Table 

5.43. It is clear that the models can explain the responses within the factors domain, as 

the maximum error in prediction is 11.280 %, which indicates fair agreement.

Exp.
No.

Barrel
Temp

Nozzle
Temp

Screw
rotation

% o f
RM.

Y
Second

UTS
Second

OC for 
500 

samples

1 180 211.44 96.54 30

Actual 353.84 263.54 0.627989

Predicted 318.66 258.44 0.618197

Error % 9.942 1.935 1.560

2 180.01 160 100 20

Actual 355.92 257.59 0.625913

Predicted 315.77 246.22 0.604188

Error % 11.280 4.414 3.471
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5.8.3 Third stage

The results of the confirmation experiments for the third stage are presented in Table 5.44. It 

is clear that the models can effectively explain responses within the factors domain, as the 

maximum error in prediction is 8.833 %, which indicates good agreement.

Table 5.44: Confirmation experiments for third stage.

Exp.
No.

Barrel
Temp

Nozzle
Temp

Screw
rotation

% o f
RM.

Y
Third

UTS
Third

OC for 
500 

samples

1 180 160 98.07 50

Actual 357.09 255.74 0.625909

Predicted 325.55 259.55 0.611996

Error % 8.833 -1.490 2.222

2 180 160 99.98 20.02

Actual 347.55 255.74 0.625909

Predicted 322.44 244.66 0.604259

Error % 7.224 4.333 3.460

5.9. C hapter Summary
In this chapter, the author has emphasised the importance of commitment of the FD in 

realising the success of recycling process and has highlighted the importance of linkage 

of the recycled process in the frame work of response (Y) and (UTS), measurement as 

quality criteria at each recycling stages and also he estimated the operating cost at each 

stage. Based on the elements of the recycled by the injection mould HM7, the author has 

formulated the recycle process which is a combination of recycled PP with raw material 

in three stages all aspects of each recycling stage has three different percentages raw PP 

give the direction for optimum quality and achieving its objective. The empirical data 

findings were carrying out in this research by Design-Expert V7 software. The results 

show significant models at each stage. The optimisation was used different ranges of 

each response. Finally, the developed mathematical models and the optimal solutions are 

validated in each recycling stages by selected some moulding setting from the numerical 

optimisation.
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6. Conclusions and Recommendations for Future Work
6.1 In troduction

The principal findings o f the research and the proposed recommendations are 

summarised in this chapter, followed by the thesis contribution and the 

recommendations for future work. The following conclusions were drawn from 

the results obtained and are applicable for the polypropylene plastic material 

investigated in this work. The developed mathematical models and the optimal 

solutions are valid in the moulding parameters ranges that were used for 

developing them.

6.2 Conclusions for Survey Results

A comprehensive questions survey study has been presented on aspects of use 

recycling plastic materials implementation in the plastic companies in republic of 

Ireland and United Kingdom. There has been little or no substantial research 

carried out in the aspect o f recycle process in the plastic industries in Ireland and 

United Kingdom. This is therefore important as it addresses the need for this kind 

of research in the plastics recycles process. The results indicate that in both 

countries, the higher recycle level using, the more sophisticated mould 

technologies are associated with recycled process. As such, more comprehensive 

injection mould should be implemented, so that the improvement of performance 

in the quality products can be achieved. The results also indicate that in both 

countries the major problem encountered by the quality product is related to the 

issue of process parameters, which are due to the lack of knowledge, 

competencies and motivation. These can be overcome through the employee 

development approach that leads to the improvement of quality products of the 

plant availability and performance. These are up-to-date information to the body 

o f knowledge and can provide new insight to current situation and guideline for 

the recycle process department as far as Ireland and UK plastic industries are 

concerned. In general, this study has contributed in the following manner:
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1. Through this research, a comparative study between three recycling stages 

in the manufacturing plastic industry has been carried out in Ireland and 

United Kingdom.

2. The study on the implementation of recycle process in the plastic 

companies in both countries has been presented in this thesis. This study 

has presented the relationship between recycling process and products 

quality. Furthermore, most of recycling plastic is of the minimum and 

medium employed level. A diversity of mould process has been used and 

higher sales of recycled products also were mould.

3. The results show in both countries that the recycle process effort 

contributes in good percentage in the improvement of sale products.

4. The recycle personnel team should consist of multi-skill personnel who are 

able to solve the problems according to the plastic materials and process 

used in the production plant. This requirement can be achieved by 

manpower development, conducting an appropriate training and continuous 

education to improve skills and recycled knowledge.

5. The first and second stages are very important in realizing the success of 

recycle implementation.

6. The sales of recycled products for different plastic materials for a period of 

four years were increased.

7. In the first recycling stage quality of the product could be maintained, 

however, for the second and third stage the quality could be decreased.

8. For third stage a reduction in the price of the products would occur. 

However, majority of companies used the sale of recycling products over 

16 years.

9. The profits coming from the sale of recycled products in the majority of 

companies’ equals 2 % from the company involved the sale from less than

2 years to over 16 years. However, the first recycling stage is the most 

reliable to produce a profit.
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6.3 Conclusions for E xperim ental Design

The result of this study would contribute greatly to the understanding for the 

development of recycling process in each stage. In general, this study has 

contributed in the following manner:

1. The third stage of recycling often results in poor quality. However, in the

second experiment both material properties (Y and UTS) were enhanced by 

the additional of raw polypropylene.

2. The main factors affecting the responses (Y) and (UTS) are the barrel 

temperature and screw rotation. While, the nozzle temperature has slight 

effect on the response.

3. The main and interactions effect of the three process parameters were

determined.

4. Good agreement between the measured and estimated values of the 

response.

5. The optimal temperatures what ever the optimisation criteria are barrel 

temperature around 180 °C and nozzle temperature of about 160 °C apart 

form the one of the 2nd recycling stage with no restriction which is ranged 

between 209.71 and 214.23 °C.

6. The optimal moulding conditions that would lead to the best products quality

in terms of its mechanical properties and at relatively low operating cost for 

each stage are:

a. For the 1st stage, the percentage of raw material is 5 %, barrel 

temperature of about 180°C, nozzle temperature o f about 160°C, 

screw rotation 100 rpm and the operating cost is € 0.6015 per 500 

samples.

b. For the 2nd stage, the percentage of raw material is 20 %, barrel 

temperature of about 180°C, nozzle temperature of about 160°C,
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screw rotation of about 100 rpm and the operating cost is € 0.6042 per 

500 samples.

c. For the 3rd stage, the percentage of raw material is 20 % Barrel 

temperature about of 180°C, nozzle temperature of about 160°C, 

screw rotation 100 rpm and the operating cost is € 0.6043 per 500 

samples.

6.4 R ecom m endation for F u tu re  W ork

The results of this study point to some further opportunities for research. Some

suggestions for future work are listed as follows:

1. Some fairly strong relationships were found between various parameters, this 

study does not include the contribution of all process parameters. Further 

investigation can be carried out on the recommended approach for recycle 

process of PP in injection moulding, which will integrate the interest and the 

needs of quality criteria.

2. It can be suggested to investigate mixing PP with other type of recycled 

plastic materials to introduce the effect of percentage of recycled material on 

the final product quality at different stages of recycling process and 

determine which inputs parameters would affect the responses.

3. Apply this technique to optimise other plastic materials with different 

percentage o f raw materials PP.

4. Extend this investigation and study more mechanical properties, at various 

plastic material and processes of mould parameters.
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APPENDIX



SSty *  .'  V * ' r
S IN  N O .

SURVEY QUESTIONNAIRE 

Study on the recycling of plastic materials
This questionnaire is divided into three sections; Section A: Company profile; Section B: 
Recycling of plastic materials; Section C: Marketing and resale of Recycled products.
All the information will be treated strictly confidential and thank you for your co-operation 
with this survey.

■ (Please note that ; this study concerns with plastic rejects arising as a result o f scrap 
or damaged products, sprues, runners )

&  SECTION A: COMPANY PROFILE

A 1 -Ownership. (Tick as applicable). 1. riLocal 2. □ Mixed 3. n Foreign 

A2-How many years has your company been manufacturing plastic products. (Tick)

n<5 □ 6 -9years □ 10-20 years □21-30years □>30

A3- Number of employees on site. (Tick)

□<50 □ 50-100 □100-200 □200-500 □500-1000 □ Over

A4- Approximately, how much did you spend training staff in recycling in recent years? 
(Tick as applicable).

N. Years € 0 €1-4999 € 5000- 
9999

€10,000-
24,999

€25,000-
49,999

€50,000+

1. 2001 □ □ □ □ □ □

2. 2002 □ □ □ □ □
3. 2003 □ n □ □ □
4. 2004 □ □ □ □ □ □

A5-Which of the following methods o f processing plastics, are used in your company?

Core Business

Yes No
I. Injection Moulding □ □
2. Extrusion Moulding □ □
3. Blow Moulding □ □
4. Others □ □

A -l



jet SECTIONS: RCYCLING OF PLASTIC MATERIALS

Bl - Does your company invest in the recycling of rejects. (Tick as applicable)
□ Yes uNo

B2- If yes, how long has the company been carrying out recycling? (Tick as applicable)

L<2 .3-5 years C6-9 years 10-15 years >16

B3- On average what percentage of rejects come from the process products of fowling 
years in your company? (Tick as applicable)

N. Years <2% 3-5 % 6 -9 % 10-15% >16%
1. 2001 □ 1 1 H
2. 2002 1 □ □ □ □
3, 2003 □ □ □ □ □
4. 2004 ; I □ □

B4- Approximately, how many percentage of rejects come from the process of recycled 
products? (Tick as applicable)

N. Ton <2% 3-5 % 6 -9 % 10-15% >16%
1. <200 □ □ 71 1 71
2. 200-800 □ □ □ 71 □
3. 800-1500 □ □ n q D
4. 1500-3000 □ □ □
5. Over 3000 —1 . | □ □ □

B5- In which year was recycling introduced for the following plastic materials? 
(Tick as applicable).

[Scale: 1= None Recycled, 2=  Recycled]

N. Plastic
Material

2001 2002 2003 2004

1 2 1 2 1 2 1 2
1. PP n 71 □ 71 □ □ □ □
2. PS □ □ □ 71 □ □ □
3. PVC □ 71 □ d  ; □ □ □
4. HDPE 'T T " 0 □ 0 0 1 □ 7)
5. LDPE □ 71 □ □ 1 □ □ □
6. EPS □ "1 □ □ 0 □ 171 n
7. ABS 71 7T □ □ □ .71 □ □
8. PET a □ □ □ 1 □ □ □
9. Other □ a □ □ 71 D □

B6- How many times does your company recycle the plastic materials? (Tick as applicable)

1.UFirst Recycling 3. □ Third Recycling
2.D Second Recycling 4.nMore Recycling

A -l



B7- On average, in your company what percentage of each plastic material is recycled? 
(Please tick for each recycling stage).

[Scale: 1=0%, 2=1-5%, 3=6-9%, 4=10-15%, 5= >16%|

N. Plastic
Material

First Recycling Second Recycling Third Recycling

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

1, PP n 71 □ □ n □ □ 1 □ □ □ □ 71

2. PS □ i □ 71 □ □ □ □ □ □ □ □ “I

3. PVC n □ n □ n □ □ n □ □ 1 □ □ □ □
4. HDPE □ □ □ □ □ □ □ □ □ □ □ □ □ H □
5. LDPE □ □ □ □ □ 1 □ □ □ □ □ 1 □ □ □
6. EPS □ i □ □ □ □ n □ □ n □ 3 □ □ 1
7. ABS n □ i □ i □ □ □ n □ □ □ □ □
8. PET n □ n □ n □ □ “i □ □ 1 □ n n □
9. Other □ i □ ~l □ □ □ □ □ □ n □ □ □

B8- In your opinion, which o f the following input parameters reduce the quality of 
recycled products in your company? (Please tick for each recycling stage).

[Scale: 1= Process, 2= Materials, 3= Personnel skill]

N. Plastic
Material

First
Recycling

Second
Recycling

Third
Recycling

1 2 3 1 2 3 1 2 3

1. PP □ □ □ □ □ □ □ □
2. PS n □ n □ □ n □ □
3. PVC □ n □ □ n n □ n
4. HDPE i □ LI 71 □ □ 71 □
5. LDPE n □ □ n □ □ □ □ □
6. EPS □ □ □ □ □ n □ □
7. ABS □ n □ □ n □ □ T
8. PET □ □ □ “I □ □
9. Other □ □ n □ □ □

B9-Please choose the specific reason(s) why recycling was not used in each year. 
(Where applicable).

N. Reason(s) 200 2002 2003 2004
1. Cost of recycling process □ □ □ □
2. Inadequate personnel skills □ □ □ n
3. Cheap Raw material □ □ □ n
4. Inability to distribution marketing □ □ □ 71
5. Reduction in quality □ □ □ □
6. Low price sales □ □ □ □
7. Decreased market in recycled products n □ n □
8. Decrease quantity of productivity n □ □ □
9. Others □ □ □ □

A-l



BIO- In your opinion what are the economic benefits o f  recycling plastic materials in your 
company. (For each year as appropriate).

N. Economic Benefits 2001 2002 2003 2004

1. Increased productivity □ n □ □
2. Maximizes Sales □ □ □
3. Reduce process cost □ II 1 □
4. Low cost products □ □ 3
5. Maximizes profits □ □ □ 1
6. More Competitive n “I □
7. Others n □ 1 □

B 11- For each plastic material, how is Cost affected by the recycling process? 
(Please tick for each recycling stage).

[Scale: l=Increased Cost, 2= Decreases Cost, 3= No change Cost]

N. Plastic
Material

First recycling Second recycling Third recycling

1 2 3 1 2 3 1 2 3
1. PP □ 1 J □ □ □ II □ 'J
2. PS □ □ □ □ □ □ II n II
3. PVC n □ □ □ □ □ □ □ □
4. HDPE □ □ □ □ □ □ ~1 □ □
5. LDPE □ "1 D n □ n n □ □
6. EPS □ 1 □ □ □ □ n D
7. ABS □ 3 □ □ □ □ □ □
8. PET □ □ 3 □ □ n n □ □
9. Other n □ □ □ □ □ □ 1

B12- For each plastic material, how is Productivity affected by the recycling process? 
(Please tick for each recycling stage).

[Scale: 1= Increase Productivity, 2= Decrease Productivity]

N.
Plastic

Material
First

recycling
Second

recycling
Third

recycling

1 2 1 2 1 2
1. PP □ □ □ □ □ □
2. PS □ □ □ □ □ □
3. PVC □ H □ □ □ □
4. HDPE □ □ □ □ □ 3
5. LDPE □ □ n □ n □
6. EPS □ □ □ □ □ □
7. ABS □ □ □ □ □ □
8. PET □ □ □ □ □ □
9. Other □ □ n □ □ □

A -l



B13- For each plastic material, how is Quality affected by the recycling process? (Please tick for
each recycling stage).

[Scale: 1= Increases Quality, 2= Decreases Quality, 3= No Change Quality]

N.
Plastic

Material

First
recycling

Second
recycling

Third
recycling

1 2 3 1 2 3 1 2 3

1. PP □ □ □ □ □ □ □ □ □
2. PS □ □ □ □ □ □ □
3. PVC □ □ □ □ □ □ □ □ Ll
4. HDPE □ □ n □ □ □ □ □ n
5. LDPE □ □ I _□ 1 □ □ □ □ □
6. EPS □ □ L □ ' □ D . □ □ □ 71
7. ABS □ □ ZD1 .. □ □ □ □ □ □
8. PET 1 □ □ □ □ □ n □ □
9. Other □ □ □ □ □ □ □

B14- When choosing a process, which one of the following has an impact on your choice?
(Tick as applicable).

1. □ Screw speed 5. □ Venting 9. □ Cooling
2. □ Barrel temperature 6. □ Injection pressure 10. □ Moving piston rod
3. □ Mould Shaping 7. □ Nozzle temperature 11. □All of the above
4. □ Mould temperature 8. □ Hydraulic

B15- In your opinion, which of process parameters reduces the quality of recycled 
products in your company. (Please tick for each recycling stage).

[Scale: 1= Screw Speed, 2= Barrel Temperature, 3= Mould Temperature]

First recycling Second recycling Third recycling

N. Plastic
Material

1 2 3 4 1 2 3 4 1 2 3 4

1. PP □ □ □ □ □ 1 □ □ □ □ □ □
2. PS □ □ □ □ □ n □ □ □ □ □
3. PVC □ □ □ Ll □ □ n □ n □ □
4. HDPE □ □ □ □ □ □ □ n □ □ □ 1
5. LDPE □ □ □ □ □ □ Ll Irn □ □ □ n
6. EPS 111 il !ull □ n d □ □ □ □ □ □ □
7. ABS □ . □ □ □ □ □ □ □ □ □ □ n
8. PET □ □ □ □ n □ _o □ □ □ □
9. Other □ □ □ □ □ □ □ □ □ □ □ □
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SECTION C: MARKETING AND SALE OF RECYCLED 
PRODUCTS

Cl-Does your company sell recycled products. (Tick as applicable)

□ Yes □No
C2- If yes, how long has the company been involved in the sale of products. 

(Tick as applicable)

□ <2 1 23-5 years □ 6-9 years □ 10-15years □ >16

C3- On average what percentage of profits come from the sale of recycled products? 
(Tick as applicable)

□ 2% [J5% □  10% □ 15% C30% □45% □ More
C4- How has the sale of recycled plastic materials affected sales, during the following 

years in your company. (For each year as appropriate).

[Scale: 1= Increase, 2= Decrease]

N. Plastic
Material

2001 2002 2003 2004

1 2 1 2 1 2 1 2

1. PP □ □ □ □ n □ □
2. PS □ □ a □ □ □ 1 □ □
3. PVC □ □ □ □ □ D 1 □ □
4. HOPE □ □ □ □ □ O □ □
5. LDPE □ □ □ □ □ □ □
6. EPS □ □ □ □ □ □ □
7. ABS □ □ □ □ □ _□ _ □ n
8. PET □ □ □ □ □ □ □ □
9. Other □ □ □ □ CL.. □ □

C5-What are the market benefits of recycling in your company. (For each year as 
appropriate)

N. Market Benefits 2001 2002 2003 2004

1. Low price □ □ □ □
2. Consumer Satisfaction □ □ □ □
3. Increased Productivity □ □ □ O
4 Maximizes Sales □ □ □ □
5. Financial diversity □ □ □ rr
6. Reduced process cost □ □ □ □
7. Maximize profits □ □ n □
8. More Competitive n □ □ □
9. Others □ n D □
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C6-How would you rate the cost of each recycling process?
[Scale: 1= Low Price, 2= Medium Price, 3= High Price]

Plastic
Materials

First recycling Second recycling Third recycling

1 2 3 1 2 3 1 2 3
PP □ n □ □ □ □ □ □ "]

PVC □ □ □ □ □ □ □ □ □
HDPE n □ □ □ □ □ n "1
LDPE n □ □ □ □ □ □ 3
EPS n □ 0 □ □ 3 3 □
ABS i □ n □ 3 □ □

PS □ □ □ □ □ 3 □ □ 3
PET 3 3 □ □ 11 □ □ n 3

Other n □ 3 □ □ □ 3

CMany thanks fo r  your patience; your fiincC cooperation is very much appreciated.

RE- CONTACT

In case we need to get some further information on the above study, are you willing to 
be participate and be contacted again.

In.Yes 2n.N o
If yes, please specify.

In.E-mail-please
specify___________________________________________________________
2 3 .Further questionnaire 
3 □ .Interview
Please add any further information you feel may be useful to this study in the space 

provided below f

Please return (using the pre-addressed and stamped envelope) to:

School of Mechanical and Manufacturing Engineering, 
Dublin City University, Dublin 9, Ireland.
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17 th Feb.2005

Dear Sir/Madam

Please find enclosed questionnaire for a recycling industry survey o f plastic processing 
companies. The school o f Mechanical and Manufacturing Engineering at Dublin City University 
is undertaking a study to determine the practice o f  recycling plastic rejects practices in the 
Manufacturing plastic industry.
I am studying the influence of investment incentives to promote the implementation of 
recycling manufacturing technology in the plastic industry in Ireland. It is for this reason 
this survey is directed to the manufacturing industry in Ireland. Your experience in 
recycling practices and contribute greatly to this research effort .we acknowledge that it is 
going to take some effort on your part to complete the whole questionnaire and in order 
to be sure that the questionnaire is understandable, to get any suggestion for 
improvements in this study or to avoid any difficulty and to observer that the instructions 
and question work as expected.

How to com plete this questionnaire:

I - Most of the questions and simply which require a tick.

2-When you have completed the questionnaire just slip it into the envelope provided and 
mail it direct to.

M r: L utfi Elgam m udi
School o f M echanical and M anufactu ring  Engineering 
D ublin City University 
G lasnevin, Dublin 9, Ireland

Please return it before 1st March.2005 if possible.

Thanking you in anticipation of your kind co-operation. Your support is greatly 
appreciated.

Yours faithfully

Prof. M.S.J. Hashmi
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2 nd .March.2005

Please find enclosed questionnaire for a recycling industry survey o f  plastic processing 
companies. The school o f Mechanical and Manufacturing Engineering at Dublin City University 
is undertaking a study to determine the practice o f recycling plastic rejects practices in the 
Manufacturing plastic industry.
I am studying the influence of investment incentives to promote the implementation of 
recycling manufacturing technology in the plastic industry in Ireland; it is for this reason 
this survey is directed to the manufacturing industry in Ireland. Your experience in 
recycling practices and contribute greatly to this research effort .we acknowledge that it is 
going to take some effort on your part to complete the whole questionnaire.

How to com plete this questionnaire:
1 -Most of the questions simply require a tick.
2-When you have completed the questionnaire just slip it into the envelope provided 

and mail it direct to.

M r: L utfi E lgam m udi
School o f M echanical and M anufac tu ring  Engineering 
D ublin C ity University 
G lasnevin, D ublin 9,Ireland

Please return it before 31st March.2005 and automatically qualify for a:
Lucky Draw
1 st Prize 200 cash
2 nd Prize Dinner for two in a restaurant of your choice
3 rd Prize Dinner for one in a restaurant of your choice

Please enclose self-addressed envelope, which will be used to notify you should you 
become one o f the lucky winners. Your response will be held in strict confidence. The 
five-digit code in the questionnaire will be computer generated and is used to ease our 
enormous administrative task.
Thanking you in anticipation of your kind co-operation. Your support is greatly 
appreciated.

Yours faithfully

Dear Sir/Madam

Prof. M.S.J. Hashmi
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15th June.2005

Dear Sir/Madam

This is just to remind you tat a survey questionnaire sent to you company on the 10th 
April 2005 may not have been addressed directly to you. If you have already completed 
the questionnaire and returned it to us we would like to thank you and please ignore this 
letter.

But if you have not done so yet owing to any reason, we would like to request you to 
kindly completed the questionnaire and return as to us soon as possible.

When you have completed the questionnaire just use the envelope provided and mail it 
direct to:

Mr: Lutfi Elgammudi
School of Mechanical and Manufacturing Engineering 
Dublin City University 
Glasnevin, Dublin 9, Ireland

I would like to emphasize that is very important project we have undertaken and its 

success will depend on good response from the industry.

We realize that we have nothing to offer you in return for our-operation other than our 

appreciation and free participation I a Prize Draw (Dinner for 2- € 150), which will be 

conducted by the middle of July 2005.

Your time and co-operation highly appreciated

Yours faithfully

Prof. M .S.J. Hashmi
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Results of Survey

1- Alpha T est

Code Questionnaire No. of items Alpha (a) value

B 13
Quality effects by the 
recycled process (PP)at 
each stages.

3 .7500

B16
Process parameters reduce 
reduces the quality of 
recycled products (PP)at 
each stages.

3 1.0000

B12
Productivity affected by the 
recycling process(PP)at 
each stages. 3 .9265

A4
Percentage of rejects 4 .9117

B3
Spend training staff in 
recycling, (2001-2004). 4 .9668

B8
Input parameters reduce the 
quality of recycled 
products(PP)at each stages.

3 1.0000

C4
Sale of recycled plastic 
material affected 
sales(PP)at each stages.

3 .7500

C6 Rate the cost of (PP) at each 
stages. 3 .6818
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2-Frequency

Table B3: Percentage o f  rejects come from the process products?

■ <2%
■  3-5 %

0  6 -9  %

□  10-15%

■  >16%__ |

<200 200-800 800-1500 1500-3000 Over 3000

Number of  Tonnes

Table B5: recycling introduced for the following plastic materials? 

-2001

! ■  R ecy c led  

■  N o n cR ecy c led

P P  PS  P V C  H D P E  L D P E  E P S  A B S P E T  O th e r  

P e r c e n ta g e s  o f  M a te r ia l

-2002

%

P e rc e n ta g e s  o f  M ate r ia l

■  R ecycled

■  N o n e  R ecycled
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-2003

80

60

40

20

0

100

PP

□ II

I recycled 

I None Recycled. !

Number o f Material

-2004

I None  R e c y c l e d  ! 

I R e c y c l e d

P e r c e a n t a g e s  o f M a te r i a l s

Table B7: Percentage of each plastic material is recycled?

100

10%

■  1-5% 

O 6-9%

□  10-

15%

PVC HDPE LDPE EPS ABS PET O ther ■  >16% 

Number ofMaterials
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Table B9: Specific reason(s) why recycling was not used in each year.

2001 2002 2003 2004

N u m b e r  o f  Y ea rs

■  Increase o f  cost

□  inadequate personnel 
skills

□  C heap Raw  material

■  Reduction in quality

■  D ecreased  m arket in 
recycled products

■  D ecrease quantity o f  
productivity

□  O thers

Table BIO: Economic benefits of recycling plastic materials.

2001 2002 2003
N um ber o f Y ears

2004

■ Low price

■ Increased 
Productivity

□ Maximizes Sales

□ Financial diversity

■ Reduced process 
cost

■ Maximize profits

■ More Competitive

□ Others

Table B12: Productivity affected by the recycling process?

- First Stage

%

■ IncreaæsProductivity

■  DecreaæS^oductivity

□  No change Ftoductivity

N umber o f M Sends

80

ill LilliL
pp PS FVC HDPE LDFE Eps Abs PET other
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-Second Stage

100
80

60

40

20

0

%

! H Increases P roductiv ity  
I ■  D ecreases P roductiv ity  
| □  N o ch an g e  P roduc tiv ity

PP PS PVC HDPE LDPE Eps A bs PET o th e r

N um ber o f  materials

- Third Stage

! ■  I ncreaassProductivity ; 

■  Decreæ ssProductivity 1 

□  N o  change P rodu ctiv ity ,

PP PS F V C  H D P E  LDPE Eps Abs P E T other

Table C3: profits come from the sale of recycled products?

Number of Profits

Table C4: Recycled plastic materials affected sales, during the following years. 

-2001

%

PP P S  P V C  H D P E  L D P E  E p s  A b s P E T  o th e r  

Number of Material
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-2002

-2003

2004

% 
100 

80 

„  60 

m  40 

20 

0

I In c rea se  

I D ecrease

P P  P S  P V C  H D P E  L D P E  E p s  A b s P E T  o th e r  

Number of Material

100

□ Increase 
S Decrease

PVC HDPE LDPE Eps Abs PET other 

Number o f  Material

£3 Increase  

■  D ecrease

P P  PS PVC H D PE  L D PE  E ps A b s  PET  o th e r  
N u m b e r  o f  M a te ria l

Table C5: Market benefits of recycling.

2001 2002 2003

N u m b er o f  Y e a r s

2004

■  L ow  price

■  Increased 
Productivity

□  Maximizes Sales

□  Financial diversity

■  R educed process 
cost

■  Maximize profits

■  M ore Competitive|

□  O thers
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2-C ross T abulation

Does yo u r com pany 
invest in th e  recyc ling  o f 

re jec ts
TotalYes No

O w nersh ip  Loca l
%  o f Total 66.7% 7.4% 74.1%

Mixed
%  o f Total 7.4% 7.4%

Foreign
%  o f Total 14.8%

1
3.7% 18.5%

Total
% o f Total 11 1% . 1,00 0%

D oes yo u r c 
recyc led

om panysell
p roduc ts

TotalY e s No
O w n e rs h ip  Loca l

%  o f Total 37 .5% 37.5% 75.0%
M ixed

%  o f Total S.3% 8.3%
Foreign

%  o f Total 4 .2% 12.5% 16.7%
Total

%  o f Total 41 .7% 58.3% 100.0%

How many time does yourcompany r ecycle the 
plastic materials

TotalFirst Rcycllng
Second

Recycling
More

Recycling
Ownership Local

% of Total 66.7% 7.4% 74.1%

% of Total 3,7% 3.7% 7.4%
Foreign

% of Total 14.8% 3 7% 18.5%

Total
% of Total 85 2% 7.4% 7.4% 100.0%
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How many time does yourcompany recycle the 
plastic materials

TotalFirst Reveling
Second

Recycling
More

Recycling
Approximately ,wtiat *2%
percentage of rejects % of Total 38,1% 9.5% 9.5% 5 7 1%
ujnib from Ihe pruuexs 3_g% —
<200 of recycled products

% oi Totsai 23.8% 23 8%
6*3%

% of Total 4 8% 4 8%

10-15%
% of Total 14.3% 14,3%

Total
% of Total 81,0% 9.5% 9.5% 100.0%

How much did yiu spend trainig s ta ff In
recycling,2001 years

Total«0 €1-4999 €5000-9999
€25,000-4

9,999
Number of <50
employees on % o f Total 36.0% 20.0% 40% 600%
Sllc 50-100

% of Total 4.0% 4.0% 80%
100-200

% of Total 20.0% 4.0% 24.0%
200-500

% of Total 4 0% 4 0% 80%
Total

% o f Total 44 0% 480% 4.0% 4 0% 100.0%

How much did y'w spend trainig staff in recycling,2002 years

Total® €1-4999 65000-9999
€10,000-2 

4.999
€25,000-4

9,999
Number of <50
employees on % o f Total 21.7% 26.1% 43% 43% 56.5%
5je 50-100

% o f Total 8.7% 8.7%
100-200

% of Total 17.4% 43% 4,3% 26.1%
200-500

% of Total 4.3% 4.3% 87%

Total
%  of Total 26.1% 565% 8.7% 4.3% 43% 1000%

B-8



How much did yiu spend trainig sta ff in recycling,2003 years

Total€0 €1-4999 €5000-9999
€10,000-2

4,999 60,000+

Number of <50
employees on % of Total 16.7% 33.3% 4.2% 42% 58.3%

site 50-100
% of Total 83% 8.3%

100-200
%  of Total 16.7% 42% 42% 25 0%

200-500
% o f Total 4.2% 4.2% 8.3%

Total
%  o f Total 16.7% 625% 12.5% 4.2% 42% 100.0%

How much did yiu spend trainig sta ff in recycling,2004 years

Total€0 €14999 €5000-9999
€10,000-2

4.999 €50,000+
Number of <50
employees on % of Total 120% 36.0% 4.0% 40% 56.0%

site 50-100
% o f Total 8.0% 4.0% 12.0%

100-200
% of Total 16.0% 4.0% 4.0% 24.0%

200-500
% of Total 80% 80%

Total
% o f Total 120% 80.0% 16.0% 80% 4 0% 1000%

On average ,whet percentage ol each plastic materials is
recycled PP .first Recycling

Total0% 1-5% 6-9% 10-15% >16%
How many time does First Rcyciing 
yoiicompany recycle % of Toted 5.0% 40.0% 15.0% 20.0% 5.0% 85.0%
thu plastic materials Second Recyctng

% of Total 50% 50% 10.0%
More Recycling

% ot Total 50% 50%
Total

% of Total 5.0% 400% 200% 20.0% 150% 100.0%
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H o w  bnn tws f f e  compsnv been corryno  o i i  recyclng
Tola!¿2 3 -5 r iS fS B-9 yssis 10 -1 5  y e « »18

H o w  irony years h i»  s5
your C M p a ry  been % o f T ( M 3 8 % 3 9 %
monulocturro pteEllc

f ' 0^ 5 '  %  or r a n 7.7% 7 7%

10 -iO  years
% or Total 3.9% 11,5% 11% 23.1%

21.30  yea ia
%ol TcW 3.8% 7.7% 7 7% 3.8% 11.5% 34,8%

?33
f> o f Total 3 9 % 3 8 « 3 8 % 15? % 30 0%

Tolol
% 0 fT « IV 7,7% 1 1 5 % ? a .i% 1 9 7 * 385% 100 H i

Does your c 
recycled

ompanysell
oruducts

TotalYes No
How many years has <5
your company bsen % 0f Total 4.2% 4.2%
manufacturing plastic 6 g „ ears

Pr"  " % of Total 8.3% 3.3%
10-20 years

% of Total 8.3% 16.7% 25 0%
21-30 years

% o f Total 16.7% 16.7% 33.3%

>30
% of Total 8.3% 20.8% 29.2%

Total
% o f Total 41.7% 58.3% 100.0%

D*n average waht percentage o t profits 
come from the sale of recycled 

products
Total2% 5% 10%

if y e s  ,how long has <2years
the company been %  0f Total 14 .3 % 1 4  3%
Involved h iLhtt sale uf 3 .5years

%  of Total 14 .3% 7 .1% 21.4%
6-9years

%  of Total 14 .3% 7 1 % 21.4 %
10-1 Syears

%  of Total 7 .1% 7 1 % 14 .3%
> 16years

%  of Total 7 .1% 14 .3% 7 .1% 28.6%
Total

%  of Total 3 5 7 % 7 1 % 100.0%
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R e t o  process cost
Total200! 2002 2003 2004

Does your company invest Yes
in the recycling of rejects % of Total 76.2% 4.8% 4.8% 4,8% 90.5%

No
% of Total 4.8% 4.8% 3.5%

Total
% of Total 81.0% 95% 4.8% 4.8% 1000%

Maximizes [io lis
Total20)1 2002 2003 2004

Does your company w est Yes
Inthe recycling of rejects %  of Total 750% 5.0% 10.0% 5.0% 95.0%

No
% of Total 5.0% 5.0%

Total
% of Total 00.0% 5.0% 10.0% 5.0% 100.0%
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3-C orrela tion

Correlations

How m any 
tim e does 

yourcom pany 
recycle the 

plastic 
m aterials

Reduce
process cost

Kendall's tau_b How m any tim e does Correlation Coefficien 1 . 0 0 0 .386*
yourcom pany recycle sig . (2 -tailed) .024
the plastic m aterials ^ 38 29

Reduce process cost Correla tion Coefficien .386* 1 . 0 0 0

Sig. (2-tailed) .024

N 29 63
*• Correlation is significant at the .05 level (2-tailed).

How  m any 
tim e does 

yourcom pa 
ny recycle 
the  p lastic  
m ateria ls

M axim izes
profits

S pearm an 's rho How m any tim e does C orre la tion  C oeffic ien t 
yourcom pany recycle s jg . (2 -ta iled) 
the p lastic  m ateria ls N

1 . 0 0 0

38

.492*’

009

27

M axim izes profits C orre la tion C oeffic ien t 

Sig. (2-tailed)

N

.492**

.009

27

1 . 0 0 0

6 6

**■ C orre la tion  is s ign ifican t at the .01 level (2-tailed)

Does your 
com pany 

invest in the 
recycling of 

rejects

how is quality 
affectes by 

the recycling 
process

Spearm an's rho Does your com pany inve: Correlation Coefficien 
in the recycling of rejects sig. (2 -tailed)

N

1 . 0 0 0

27

- 1 .0 0 0 *

. 0 0 0

17

how is quality affectes by Correlation Coefficien 
the recycling process s jg  (2 -tailed)

N

- 1 .0 0 0 **

. 0 0 0

17

1 . 0 0 0

18

**• Correlation is s ignificant at the .01 level (2-tailed).
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N um ber o f 
em ployees 

on site

How much 
did yiu spend 
tra in ig  s ta ff in 
recycling , 2 0 0  

4 years
S pearm an's rho N um ber o f C orre la tion  C oeffic ien 1 . 0 0 0 .445*

em ployees on site Sig. (2-ta iled) .026

N 27 25

How m uch did yiu C orre la tion  C oeffic ien .445* 1 . 0 0 0

spend tra in ig  s ta ff in s ig . (2 -ta iled) 
recycling ,2004  years

.026

N 25 25

*■ Corre la tion is s ign ifican t a t the .05 leve l (2-tailed).

Correlations

N um ber of 
em ployees 

on site

How much 
did yiu spend 
train ig s ta ff in 
recycling,2004 

years
Kendall's tau b N um ber o f C orre la tion  Coeffic ier 1 . 0 0 0 .395*

em ployees on site Sig. (2-ta iled) .028

N 27 25

How m uch did yiu C orre la tion  Coefficier .395* 1 . 0 0 0

spend tra in ig  s ta ff in Sig. (2-tailed) .028
recycling ,2004 years

N 25 25

*• Corre la tion is s ign ifican t at the .05 level (2-tailed),

How m any 
tim e does 

yourcom pa 
ny recycle 
the plastic 
m aterials

More
C om petitive

Spearm an's rho How  m any tim e does C orre la tion  C oeffic ien t 1 . 0 0 0 606*'
you rcom pany recycle Sig. (2-tailed) .005
the p las tic  m ateria ls N 38 2 0

M ore C om pe titive C orre la tion C oeffic ien t .606** 1 . 0 0 0

Sig. (2-tailed) .005

N 2 0 47

**• Corre la tion is s ign ifican t at the  .01 level (2-tailed).

B-13



How  many 
tim e does 

yourcom pa 
ny recycle 
the  plastic 
m ateria ls

Reduce 
process cost

Spearm an's rho How  m any tim e does C orre la tion C oeffic ien t 1.000 .423*
yourcom pany recycle S ig. (2-ta iled) . 0 2 2

the  p las tic  m ateria ls N 38 29

R educe process cos t C orre la tion  C oeffic ien t .423* 1 . 0 0 0

Sig. (2-ta iled) . 0 2 2

N 29 63

*• Corre la tion is s ign ifican t at the  .05 level (2-ta iled).
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1- Wight of recycling samples

Table 1: First recycle weighting

No.

Weight in g Average

Weight1 2 3 4 5

1 0.79436 0.78721 0.7162 0.71995 0.72008 0.74756
2 0.80879 0.80996 0.79735 0.81029 0.80912 0.807102
3 0.81925 0.8198 0.81878 0.81973 0.81952 0.819416
4 0.80888 0.80872 0.80902 0.80867 0.8091 0.808878

5 0.81578 0.81533 0.81408 0.8153 0.8154 0.815178
6 0.81088 0.80856 0.80988 0.80976 0.80949 0.809714
7 0.81574 0.81646 0.81615 0.8162 0.81634 0.816178
8 0.8109 0.8105 0.81096 0.81145 0.81028 0.810818
9 0.81692 0.81637 0.81729 0.81759 0.81735 0.817104

1 0 0.81042 0.81061 0.81028 0.8106 0.81119 0.81062
11 0.80929 0.80874 0.81026 0.80969 0.81019 0.809634
1 2 0.81045 0.80994 0.81024 0.81002 0.80985 0.8101
13 0.8114 0.81122 0.8123 0.81143 0.8103 0.81133
14 0.80874 0.80805 0.8084 0.80847 0.80822 0.808376
15 0.81002 0.80955 0.80959 0.81014 0.81001 0.809862
16 0.81127 0.8275 0.81233 0.81192 0.8106 0.814724
17 0.81018 0.78983 0.81376 0.80889 0.78672 0.801876
18 0.81372 0.78235 0.81374 0.81328 0.81326 0.80727
19 0.81465 0.81397 0.81352 0.81401 0.81501 0.814232
2 0 0.81444 0.81493 0.81356 0.81346 0.81382 0.814042
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Table 2: Second recycling weighting

No.

Weight in g Average

Weight1 2 3 4 5

1 0.7945 0.7874 0.8161 0.8194 0.8201 0.8075
2 0.8087 0.8102 0.7972 0.8102 0.809 0.80706
3 0.8193 0.8195 0.8196 0.8199 0.8196 0.81958
4 0.809 0.8087 0.809 0.8087 0.8091 0.8089
5 0.8157 0.8153 0.8146 0.8151 0.8151 0.81516
6 0.8109 0.8087 0.8099 0.8096 0.8097 0.80976
7 0.8158 0.8165 0.8161 0.8161 0.8164 0.81618
8 0.8108 0.8104 0.8112 0.8115 0.8104 0.81086
9 0.8169 0.8165 0.8172 0.8177 0.8174 0.81714
10 0.8103 0.8105 0.8102 0.8105 0.8109 0.81048
11 0.8098 0.8103 0.8096 0.8098 0.8097 0.80984

12 0.8104 0.8099 0.808 0.8102 0.8093 0.80956
13 0.8112 0.8113 0.8123 0.8114 0.8101 0.81126
14 0.8088 0.808 0.8086 0.8083 0.808 0.80834
15 0.8099 0.8092 0.8097 0.8101 0.8099 0.80976
16 0.8113 0.7828 0.8124 0.812 0.8107 0.80584
17 0.8104 0.7897 0.8139 0.8091 0.7867 0.80196
18 0.8136 0.7824 0.8137 0.8132 0.8133 0.80724
19 0.8138 0.8137 0.8136 0.814 0.8149 0.814
20 0.8144 0.815 0.8136 0.8137 0.8139 0.81412
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Table 3: Third recycle Weighting

No.

Weight in g Average

Weight1 2 3 4 5

1 0.82032 0.81877 0.81226 0.88079 0.82074 0.8305756

2 0.81047 0.81145 0.81146 0.81108 0.81236 0.811364

3 0.81846 0.82092 0.82094 0.81781 0.81813 0.819252

4 0.81121 0.80974 0.81001 0.81063 0.80956 0.81023

5 0.81285 0.81279 0.81542 0.81608 0.81525 0.814478

6 0.81286 0.80341 0.81181 0.8177 0.81264 0.811684

7 0.81581 0.81377 0.81445 0.81471 0.81302 0.814352

8 0.81108 0.81081 0.81089 0.81185 0.81119 0.811164

9 0.81601 0.81627 0.81392 0.81266 0.81683 0.815138

10 0.81141 0.81124 0.81256 0.81241 0.81198 0.81192

11 0.81217 0.81212 0.81238 0.81228 0.80913 0.811616

12 0.81263 0.81166 0.81252 0.81111 0.81452 0.812488

13 0.81327 0.81292 0.81309 0.81441 0.81401 0.81354

14 0.81173 0.81024 0.81102 0.81142 0.81169 0.81122

15 0.81381 0.81345 0.81297 0.81368 0.81353 0.813488

16 0.81123 0.81301 0.81405 0.81375 0.81245 0.812898

17 0.81438 0.81385 0.81444 0.81407 0.81411 0.81417

18 0.81379 0.81098 0.81069 0.81101 0.81168 0.81163

19 0.81074 0.81358 0.81313 0.81333 0.81292 0.81274

20 0.81185 0.81347 0.81131 0.81321 0.81362 0.812692
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