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ABSTRACT

In this work, a low density polyethylene recyclmg machme was designed, developed and tested.
gned and developed followrng srmple standard engineering principles. The

The machine was desi
s caused by improper disposal of

recycling process 1s aimed at reducmg envrronmental problem
The low densrty' polyethylene recycling machine is a simple

used water sachets m ngerla.

s of agglomeration

y recycle o »ed water sachets by followmg a serie

-machine that can convemerrtl
material into

e’.of 1 15°c by radiation to melt the

process which consrsts of heatmg at a, temperatu

eoolmg of melted maten l by con water as a coolant and

ention with the aid of

ar 3« P ’

The machme can carry out

.

rm in about 1hour A3mints.

a liquid form,
\ the whole pre-

size reductron of the cooled materral to form a

coolmg and cuttmg mto pellet fo

3.6kg and a power requirement of

plasticizing process of heatmg raprd

has ani input capacrty of 5kg, ouf tput capacrty of

haft speed) ‘of l450rprrr; the recyc

The machme

ling machine has a melting

2kW Ata machme cuttmg speed (s

of 81% coolrng efﬁcrency “"'f 52% and recovery efﬁcrency of 72%. The machine

ly recycled used water sachets F

efficiency
or effectrve performance, the

esrgned and’ tested effectwe
the machme sh ld be above 1 5W at a hrgher rpm with a tank and pump

1

power requirement for

fora continuous flow of water. o
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NOTATIONS

= Number of revolution pex minutes _
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Background to the study ,

Plastlcs have become common materials of our daily living; and many of their properties,
such as durability, versatility and llght welght can be a 51gn1ﬂcant factor in achlevmg sustamable
development. However, nse of plastics. contributesy to the growing amount of solid waste

~ generated, since most plastic produets are often used only once before disposal. The disposal
problem is not simply téchnica]‘, but it also has 'SQCi?I’ economic and even political aspects. This
is the reason why dift‘ere'nt methods have been -e)ii)lored and applied for solving the problems
assoc1ated with polymer waste handling and disposal (Strong, 2000).

Even though extemal recyclmg is not the most profitable technique for the treatment of
pla'stlc waste, 1t will have a s1gn1ﬁcant role in the future. In spite of the application of clean
_technology‘and waste elimination, it is not expeeted‘that the amounts of plastic waste will
decline, thuvs,. new recycling method will ?ha_ve’to be developed. From the perspective of catalysis,

; : i b :

chemical recycling of plastic wastes is the most noteworthy of plastic waste recovery technique

(Phillips, 2000).

The world’s industrialization and population is growing rapidly and rising sharply. It is

estimated to be about 6.5 billion according to the U.S. Census Bureau. The bureau estimated thrsgteess-
249 people are born and 108 people die every minute, «meaning that the world’s population grew
by 141 each mmute of 2006. The total is expected to reach 7 bllllon in 2012. (Microsoft Encarta,
2009) Based on this fact, the demand for an environmental control of the entire world is
1ncreasmg day by day as it is needed to raise and satlsfy the standard of living. Natlons with high

/

env1ronmental control always have a better standard of 11v1ng with good health. In search of




developed in stages i.e. from melting' of 'the"mat‘erialsf"(LDPE)’ {o form a liquid then to cooling
were water is use as a coolant. Then'a Tump is formied inside the mold. The last stage is size

reduction were series of blades are welded to a shaft been powered by an electric motor.

1.1 Statement of the Problem

The most critical env1ronmental problems tod ay are those that confront certain countries of
1

the world especially the tlnrd world countrles, whlch cover the world’s poorest nations and these

<

inblude countries of Latin Amerlca, Afrrca and Asra. The th1rd world countrles are also referred
to as developing countries, ‘and ngerla falls under thlS category A growmg population and

increasingv industrialization estabhsh urgent needs to creatively solve the problems of

b

environmental pollution in Nrgerla

i L

The problem usually assocrated wrth envrronmental control particularly in the third world

countries may be attributed to the following:-
1. Improper usage of all packaging materials and an effective control of environmental
discharges are not properly managed

2. The cost of mechanical recycling machmes i e. the fabrication and maintenance cost have

been a major issue for the individual group.

1.3 Objective of the study
The objective of this study is to design, develop and carry out performance evaluation of a

low density polyethylene recycling machine.




improving the standard of living, the world environmental control is seriously increasing at a
crltical rate when compared to the world populatibn and i;n'dustryf |

Recently, much attentron has been dlrected to the packaging of mdustrral materials e.g.
water sachet, sacks and wraps by a vanety of interest groups 1ncludmg env1ronmentahsts
govemment ofﬁ(:ials, cornmereial and retail business men and legislators on the Environmental
problems of low density. polyethylene (LDPE) Varlous surveys carried out showed that the
percentage of environnrental pollutron caused by packagmg materials wraps and sacks which has
been assumed by’ United State Enyironrnental _l?rotection‘ Agency (USEPA) to be 8:6 percent of

+
I3
H

the total pollutants in the envrronment (Ph1lhps 2000)

H

Nearly two-thrrds of the LDPE found in munrcrpal solid waste originate from packaging.
Another smable fractron comes from non—durable goods especially trash bags. The two main
sources of recycled LDPE are both in the bags sacks and wraps category: stretch wrap and
merchandise bags. The USEPA calculated that 150 thousand tons . of LDPE bags, sacks and
wraps were recovered in 2003 for a recyclmg rate of 5.7 percent The overall recycling rate for
LDPE in mumclpal sohd waste was 2.4 percent Also, the overall recycling rate for LDPE in
Australia was reported to be 12 2 percent in 2003 above the 2002 rate of 11.2 percent but lower
than the 2001 rate of 13. 4 percent (Yla-Mella, 2002)

Nigeria has been facing env1ronmental crlses over the past ten to fifteen years desplte the
fact that she is a developing country. The increase in the number of industries and population had
led to an increase in environmental pollution’ which brought about the control measure: by
recycling LDPE materials to new p'roducts. | ’/

This research work is almed to develop a recychng machine of low density pdlyethylréne,

which will help to reduce amount of waste materrals in the env1r0nment The machmes is




14 Justification of the Study
Waste materials recycling capablllty of ngerla has not been fully exploited due principally
to lack of appropriate indigenous processing technology as obtained in other developing Asian
countries. Nigert:a asa developing country with a .‘growmg populatlorr ‘and industrialization must
ensure a»maximum .utilization‘of vraste ‘pac'kaging rrlaterials of low density polyethylene. To
archlve this, there is a need to develop an efﬁclent and affordable low density polyethylene
.recyclmg techno»logy whlch can be adopted by people It is envrsaged that manufacturers and
research institutions can adopt the developed low densrty recyclmg machine for LDPE materials,

thus helping to clean up the environment.

1.5 Scope of the Study , :

The scope of this study is 1imited to the design, develop and evaluate the performance ofa

Jow density polyethylene (LDPE) recycling maclrine:




CHAPTERTWO 4
50 LITERATURE REVIEW

2.1  Definition of Plastics

Plastics are materials made up of large orgamc (carbon—Containing) molecules that can be

formed into a vanety of products. ‘The molecules that compose plastics are long carbon-chams

that give plastic many of thelr useful propertles. In: general materials that are made up of long,
chain-like molecules are called polymers. The word plastic is derived from the words platicus

(Latin for “capable of moulding”) and plasnkos (Greek «“o mould,” or fit for moulding?)

(Microsoft Encarta, 2009).

The modem plastrcs mdustry can trace rts orrgm back to a century and a half when, in
1862, Alexander Parkes unveiled Parkesme the ﬁrst man-made plastlc In 1891, Rayon was
introduced, folloWed by cellophane in 1900 and Bakehte in 1907. There are in excess of twenty
dlfferent polymer types in common usage today ‘These include polyvinyl chloride (PVL)
polyethylene (PE), polyamide (PA), polystyrene (PS) and polypropylene (PP), which had been

developed by the 1960s.

The term ‘Plastics’ refers to a range of different polymenc materials. These can be
broken down into two distinct groups: thermoplastrcs and thermosets. Thermoplastics soften and
melt on heatmg and may be mechamcally recycled into new products when theoriginal product

life is ﬁmshed Thennoplastws represent some 95% of plastics in use. Thermosets do not soften

or melt on heating once moulded and, therefore, cannot be mechamcally recycled in the. same




way as thermoplastics. They may be.grour‘igrjto}a)powder( and used as filler. Alternatively, they

may be feedstock recycled or used in energy I?“,"Y‘?W processes.

e

Over the years, many recyclmg machines haVe been adopted to recycle fow density
polyethylene materials. Although the performance of these recyclmg machmes has not been
satisfactory, there has been an 1mprovement The low efﬁclency of these machines is as a result

of not considermg certain parameters such as the feedmg and melting rate and separation and

. f,
£

shredding technlques

I
.

Plastlcs use has grown 51gmﬁcantly in the last 50 years. Globally, consumption has risen

from 5 million tonnes to some 100 mllhon tonn[ ‘.' Thls growth is attrlbuted to the beneficial

properties of plastxcs."[‘hey are relatrvely strong, hghtwelght and cost—effectwe They can be

PR i

precnsely engmeered to perform many dlfferent functlons as ev1denced by range ¢ of sectors and
apphcat1ons where plastlcs are used whlch can be a major contnbutor to the economy. The UK
‘used approximately 4.5 mllhon tonnes of plastlcs productions during 2000 and 4.68 million
tonnes during 2001. It is- estlmated that the plastlcs sector accounted for approximately 7.5

percent of the UK demand for chemicals,,in’ fl'988 »(BiffaWardEnviros, 2002).

2.2 General Properties of Plastics

L
i

Plastic:s possess a wide- variety of useful »properties and are Erelati;vely inexpensive to’
produce. They are hghter than many materlals of comparable strength and unlike metals and
wood, plastrcs do not rust or rot. Most plastics can be produced in any colour. They can also be

manufactured as clear as glass, translucent (transmitting small amounts of light), or opaque

(impenetrable to light).




Plastics have lower density than metals. Most plastics vary in density from 0.9 to 22

g/cm3 compared to density of steel which 7.85 g/cm3u plastics can also be reinforced with glass

and other fibers to formi incredibly strong materials. For example, nylon reinforced with glass

can have a tensﬂe strength (remstance of a material to being elongated or pulled apart) of up to
165 MPa (Encarta Premium, 2009). The advantages of plastics are lightness and robustness,

resistant to rust and corrosion, 'transpar,e‘ncy and the_yv,',are freely colourable (Microsoft Encarta,

2009).

Plastics howéver, have some dlsadvantages 'When burned, some plastics prcdjuce
poisonous fumes. Althongh certam p}asttc(s_?arecsgecl,ﬁcally desi gned to withstand temperatur<= as
“high as 288°C, in general plastics are not used when high heat resistance is needed. Because of
their molecular stability, plastics do nct easily b’r'eak down intoA simpler components. Asa result,

disposal of plastics creates a solid waste problem; (Encarta Premium, 2009).

Polymers can be separated into two different gronps depfending on their behaviour when
heated. Polymers with 1'1near molecules are hkely to be thermoplastlc These are substances that
soften upon heating and can be remoulded and recycled They can be semi—crystalliﬁne or
amorphous. The other group of polymers is known as thermosets, These are substances that do

" pot soften under heat and pressure and cannot be remoulded or recycledi(Encarta Premium,

2009).
23 Thermoplastlcs and Thermosettmg Plastics

All plastlcs whether made by addition or condensation polymerization, can be divided
into two groups thermoplastlcs and thermosettmg plastics. These terms refer to the different

ways these types of plastics respond to heat Thermoplastlcs can be repeatedly softened by




heating and hardened by cooling. Thermosettiné plastics',' oni'the other hand, harden permanently

after being heated once.

.

heat between thermoplastics and

The reason for the difference in. response " to

thermosetting plastlcs lies iin the chemical:struc't‘ure'% of the plastics. Thermoplastlcs molecules,

or shghtly branched, do not chemrcally bond with. each other when heated.

forces (weak attractlons

-which are linear

gether by weak van der Waal

Instead, therrnolplastrcs chams are held to

between the molecules) that cause the long’ molecular chains to clump together like piles. of

entangled spaghetti. Thermoplastlcs can be heated and cooled, and consequently softened. and
hardened, repeatedly, like candle wax. Fo‘r‘;;tlii‘s' freason, thermoplastics can be remoulded and

reused almost indefinitely.

Thermosetting plastics consist of chain moleculés that chemically bond or cross-link with

each other ‘when heated. When thermosetting plastics cross-link, the molecules create a

permanent three-drmensronal netwo k that can be considered one giant molecule. Once cured;

thermosetting plastics cannot be re-melted in the same way that cured concrete cannot be reset;

consequently, thermosetting plastlcs are often used to make heat-resistant products because!these

plastics can be heated to temperature of 260°C wrthout meltmg (Encarta Premium, 2009).

The different molecular structures , of thermoplastrcs and thermosetting plastics ‘allow

manufacturers to customlze the properties of commerCial plastics for specific applications.

Because thermoplastic materials consist of 1nd1v1dual molecules, properties of thermoplastics are

largely influenced by molecular weight. For instance, increasing the molecular weight of a

thermoplastic material mcreases its tensile strength 1mpact strength and fatigue strength (ability

of a material to withStand'chstant stress) Conversely, because thermosetting plastics cofsist of

i




a single molecular netwoik, molecular weight does.not significantly influence the properties of

these plastrcs Instead, many propert1es of ,thennosetting plastics are determined by adding

different types and amounts of fillers and. remforcemfent,‘, such as glass fibres (Encarta Premium

2009).

‘2.4  Amorphous and Crystalline Materials

Amorphous ‘materials are those in which ‘_n'iolecular chain structure is random and

becomes mobile over a wide temperature range. It means these materrals do not literally melt but

f . . .
rather soﬁen and they begm to soﬂen as soon as heat 1s apphed to them. They get softer andl as

g excessive heat. Examples of

'

heat is absorbed until they degrade as a result of absorbin

amorphous materials are , acryllc, polyaryluate and polystyrene

: In crys;talline materialsf,'the m()lecular_ chain structure is well ordered and become. mobile

only after the material is heated to 1ts meltmg point. That means such materials do not go through

a softening stage but stay rrgld untrl they are heated to the specific point at which -they

immediately melt They wrll degrade 1f excessrve heat is absorbed. Examples. of crystalline

materials are acetal nylon, polyester, polyethylene and PVC (Encarta Premium 2009).

2.5 . Forms of Recycling7~ o

As a result of many years of technology developrnent, plastic waste is now recycled by

ay be grouped 1nto three main categories as explained

different methods. These methods m

below.




Mechanical Recycling

Plastics can also be recovered from waste vra mechanical recycling. The mechanical
recycling process involVes a number of operatronal steps separation of plastlcs by resin type,
washing to remove dirt and contammants, gnndmg and crushmg 1o reduce the plastics particle
size, infusion by heat and reprocessmg mto new plastlc goods This type of recycling is mainly
restricted to thermoplastlcs because thermosettlng cannot be remoulded by the effect of heat

N}

(Aguado and Serrano, 1999) » ; R ¥ ,

Mechamcal recyclmg of plastrcs is- hmrted by the compatibility between the dil‘ferent
~types of polymer. Presence of a polymer dlspersed 1n a matrix of a second polymier may
dramatically change the propemes and hmder the possrbllrty of 1ts use in the conventional
application. A good example of thrs is the 1mpact of polyvmyl chloride (PVC) during
.polyethylene terephthalate (PET) processmg Only a sinall amount of PVC in the recycling PET
strongly reduces the commercral value of the’ lather (Aguado and Serrano, 1999). Another
problem with mechanical recychng is the presence in plastics waste of products made?of the

same resin but with different colours, which usually impact an undesirable grey colour to the

recycling plastic (Aguado and Serrano, 1999).

In addition, most polymers suffer certain degradation during their use to effects of
temperature, ultraviolet radratron oxygen and ozone. Therefore, recycled polymer exhibits lower
properties and performance than the v1rg1n polymers, and are useful only for undemanding and
lesser value applications. Recyclmg of plastlcs wrthout prior separation byu resin produces a

material with mechanical properties similar, to ,t,i_mber.Hence, it is often used for the replacement




of timber in certam applrcatrons A hrgher qual1ty of recycled plastics is achieved when

separation by resin is carried out prror to the re-mouldmg step (Aguado and Serrano, 1999).

Feedstock Recycling
Feedstock recycling of plast1cs also called chemlcal or t‘ertiary recycling is based on the

decomposmon  of polymers by means of heat chem1cal or catalytlc agent to yield a variety of

from the chermcal monomers to a mlxture of compounds with posmble

errano, 1999). The chemrcal

products ranging

apphcatrons as a source of chemicals or fuels (Aguado and S

] - ‘
processes can be classrﬁed into three mam areas (Janssen and van Santen, 1999:) as:

recycling
recycling to fuels (gasolme hqueﬁed petroleum gas (LPG) and dlesel oils); recycling to

mononmiers; and recycling to industrial chemicals.

Dependmg on recyclable plastics’types;~ desired composition and molecular weight of

' products, many dlfferent methods of feedstock” recychng can be implemented within the areas

mentroned above (Y 1a—Mella, 2002 Janssen and van Santen 1999). Until now, only a small

number of chemrcal recyclmg methods have been commercrally realized but the interest in more

efficient processes is still growing due to the emergmg peed of polymer waste recyclmg in the

future. At the present, feedstock recyc‘ling is more limited by process economy than by technical

reasons. The factors whrch determme the proﬁtabrhty of altematrve feedstock recycling methods

are degree of separation required in raw wastes the value of the products obtained, and the

capital investments in the processing facilities (Aguado and Serrano, 1999).

According to the separation steps required, the methods can be ordered as follows:

gasification, thermal " treatment, hydrogenation, catalytic cracking and chemical

_ depolymerization. However, the feedstock methods can be ordered also according to the

f
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commercial value of the product. _In that case, the Order of rnethods will follow: thermal oils,

synthesrs gas hydrogenatron oils, catalytlc orl and monomers It is interesting to note that the

required pre-treatment and product value follow almost reverse orders (Aguado_ and Serrano,

1999).
Energy Recovery

Waste rncmeratron or controlled burmng, 1s typically considered as a disposal method,

‘because it is usually apphed as a method of reducmg the volume of mrscellaneous municipal

RN E

waste. However, 1nc1neratron of plastlc can also be seen as recovery method, as plastics could

replace the application of other orl-based fuels. It can 'be v1ewed that the plastics applrcatlon is

the first purpose of 011 and energy productlon is the secondary task Indeed incineration with

energy reclamlatron is con51dered as a recovery rnethod and due to their high energy content,

plastics Wwaste is a valuable fuel The heat capacrty of plastrcs and some other materials are

shown in Table

Table 2.1; Heat 'Capacities of Plastics and Some \Ot_her Materi‘als

i

Material . Heat Capacity (Mi/Kg) ~Mate'ria| C Heat Capacity (MJ/Kg

pPVC 18 Co © Heavy Fuel Oil oA

i

PE 27 ' '~ Coal - 26
PET 46 . Natural Gas 36

PS , 41 . Milled Peat 10




35 - Paper 17

S—
Unit MI/m® (0°C)

Source: Y_ia—Me]tla (2002)  » , ‘

2.6 Waste Manageméﬁt Hierarchy : ‘

Fran i

This is a framework that -anks waste management in the o

th the environmental impact. The terms are as discussed below (Brown, 2006).

rder of sustainability andiin

accordance Wi

Reduce- means 10 avoid or reduce the production: of waste from source, i.e. waste mjnimizati;on,

thus reducing costs and environmental impacts: .

Re-use- some materials ‘and ‘.productions" can ‘bev_usled ‘againwfor cither the same or different

purposes (€.8- milk bottle). S C

production processes Or as secondary or raw materials (e.g.

Recycle- materials can be used in
aluminum can‘.s)‘. Also composition of green waste does what?? |

Recovery- where none of the above is possible, th‘eune)it best thing is to regain as much value as

possible through energy recovery. : ,

ropriate solution, only then should waste

Disposal- If none of the previous options offers an app

be disposed of (.g. landfill).




2.7 Plastics and their Environment

Plastics are used thrOughout the: world for a broad number of reasons. Although plastic is

certainly a globally important pro_]ect there are many envrronmental concerns associated with its

use. One of the positive characteristics of plastic yis the fact that it is durable. Unfortunately, this

is not a positive characteristic when it comes to the envrronment The fact that a plastic is durable

means it degrades slowly In addition, burnmg plastlcs can sometimes result in toxic fumes.

Aside from trying to get r1d of plastrc, creatmg 1t can be costly to the envrronment as well, It

takes large amounts of chemlcal pollutants to create plastrc as well as significant amounts of

fossrl fuels. On the other hand some argue that plastics help the environment in several ways.

After all plastic has been used to make cars: llghter As a result less oil is used to mobilize the

car and less COz is emltted In addltlon, plastic container.s provide safe ways for disposing of

toxic wastes products.

The world annual consumption of plastic materials has increased from around 16.8% million

tonnes in the 1950s to nearly 100 mllllon tonnes today In the UK, a total of approximately 4.7

‘million tonnes of plastic products were used in various economic sectors in 2001 (Aguado and

'

Serrano, 1999).

\2.8 Uses of Plastics

Plastics are indispensable to our modemn way of life. Many people sleep on pillows and
mattresses filled with a type of plastic, either cellular polyurethane or polyester. At night, people
sleep under blankets and bedspreads made of aCrylic plastics, and in the moming, they step out

onto polyester and nylon carpets. The cars we drlve the computers we use, the utensils we cook

[

with, the recreatlonal equlpment we play w1th and the houses or bulldmgs we live and work in
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all include important plastic components. The‘average car contains almost 136kg of plastics

nearly 12percent of the "vehicle’s overallf weight. Telephones, textiles, compact disc,t paints,

_plumbmg ﬁxture, boats, and fumrture are other domestlc “products made of plastics. In 1979 the
volume of the plastics produced in’ the Un ’ d: States surpassed the volume ‘of domestically
produced steel. (Aguado "a"‘nd S’errané,'f’li9‘99).”' .

Plastics are used extensrvely by many key mdustrres 1nclud1ng the automobile,

aerospace, cons tructron, packagmg and electrrcal mdustrres. The aerospace industry uses plastrcs
“to make strategic mrhtary parts for mrssrles, rockets, and aircrafts. Plastics are also used in

specialized ﬁeld and blo-compatrble Jomts. Packagmg represents the largest single sector of

plastrcs use in the UK. The sector accounts for 35% of UK plastics consumptlon and plastics are

the material of choice in nearly half of all paék ged goods (Aguado and Serrano, l999)

&

2.9  Typesof Plastics’

ol

There are about 50 dlfferent groups of plastrcs, with hundreds of different varieties. All

types of plastrcs are recyclable. To make sortlng and thus recyclmg casier, the American Society

* of Plastics Industry developed a standard markrng code to help consumers identify and sort the
j
main types of plastic. Thpese types and their most common uses are (BrffawardEnvrros, 200 2)

b

Polyethylene terephthalate (PET) - Fizzy drinl_(i hottles and oven-ready meal trays.

High density polyethylene (HDPE) —- Bo'ttles for milk an‘d‘washing-up liquids.
Polyvinyl chloride (PVC) — Food trays, cling -firms, bottles for squash, mineral water and
shampoo. AT

[

Low density polyethylerié (LDPE) _ Cartier bagsand bm liners.
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Polypropylene PP) - Margarine tubs, rmcrowaveable meal trays.

A

amburger boxes, ¢gg cartons,

& V

ots,” foams meat ‘,Or fish trays, h

Polystyrene ®S) - Yoghurt po

vending cups, plastic cutlery and protectlve packagmg for electronics goods and toys.
OTHERS- Any other plastlcs that do not fall mto any of the above categories — An example is

melamine which is oﬁen used in plastlc‘plates and cups. ‘

2.10 Recycling Effect oi‘ Contamination

In polymers used - for recycling, ccntaxllination is present everywhere, resulting, in
g. It can be m?form of dirt, printing inks, metals, foil,

—

“reduction of the quallty of recyclin
ally oxidized polymers contamination by foreign bodies can be

additives, pesticides, partl

noticed even in PET a[nd HDPE b

ottles collected from road51des In very old scraps. of building

em velncles and fumlture which now come for recycling

products, electrical and electronlc syst

i fire retardants which arenow

may contain very high concentratlon of addmves in part:cular,
banned. However accldental or umntentmnal mixtures and multi-component productions do

ms (BlffawardEnvnos, 2002) S

. 4

pose proble




s in Recycled Polymers

2.11 Common Contamihant

the common contaminants. in recycled polymers

Table 2.2;
Contaminants

—
Polymer ,
PVC, green PET, Al water,

R
PET
: Lo glue, .
HDPE Milk/water bottles - PP, milk residue, pigments,
'LDPE Greenhouse films 1nsecticides, soil, Ni,
o " oxidation product
LDPE Shopping bags ~ ! Paper receipts, printing ink,
PP . . | Battery cases Pb, Cu, acid, grease, dirt
HDPE . »;I)etergght bottles ' Paper, glue,  urfactants,
Co bleach,
PET . Pﬁotoéraphic film - Silver halides,  gelatin,’
B , caustic residues
Phenol Circuit boards - Cu, tetrabromobisphenol A
LDPE Multilayer film Ethylene vinyl alcohol,
| | ' polyamide, jonomer
Beverages boﬁlgsv PET, PE, paper, Al foil, PP




minated flame ‘

Polybro

N
ABS retardants Apphanceshousmgs
SBR extender Automobile tires ’  Greel  Wwires, fibber, and
R oil
LDPE , Aulch film Soil (up to 30%), iron (up 10
. 3%insoil)

(2002) ST

Source BlffawardEnvuos,
212 Main Categones of Recyclmg Pl
The four main categories of recychﬁg;)lasukcs‘ acgo ! mg to (Blff ‘wardEnvvuos, 2002) are:
e l waste plastics into products hgving

cling: This 1s the conVersxon of

Primary Recy
performance level comparable 1o that of ori gmal products made from vitgin plastics.
S entalls the conversmn of waste plastics into pmducts‘ having

Secondary Recyclmg Thi
nts than the ongmal material.

1} requlteme

less demanding performanc
Tertiary Recycling: This is the process of producing" chemicals/fuels/similar gproducts

1

from wasie plastics. K
waste plastics by

Quaternary Recycling: This is the process of recovering energy from

incineration. o
713 Percentage of Household Dustbin )
sehold dustbin

to Parfitt (2002), 3 plastic makes up around

7% of average hou

According

(Figure 2.1)-




Goil and cher organios 3% Fines 3%

papet and board 18%

Tenise plastic 4% .

wichenwi aste 1%

Plas fic film3 %

other combus bies 1%
Testiles 3%

Glass 7%

!
Garden v ste21%
Puud 5%
Nappis 2%
Gor ap metalb hite goods 5% Mec. nqrrc,onbusiibles 5%

Metalp ack aging 3%

Fig. 2.1t Anaiysis of Household Waste Compositions

Source: Parfitt (2002)

erated annually in the UK is estimated t0 be nearly

The amount of plastic waste gen

mated 56% of all plastlcs

waste is used packaging, three-quarters of

3million tonnes. An esti
ic waste arising are currently

1d It is estlmated that 7% of total plasti

which are from househol

being recycled:”

, The productidn and use of plastws has a 1ange of environmental impacts. Firstly, plastics
production requires significant quantities of resources, primarily fossil fuel, both as a raw
material and 10 deliver energy fori_fhe‘ mapufaicturing process. It 18 estimated that! 4% of the




d an additional 3-

produetion is used as a fee Astoek for plostics production an

world’s annual oil
(Parfitt, 2002). | |

4% during manufacture

2.14 Benefits of Plastics b

to the beneficial properties of plastics

n the plastic use is due

The considerable growth
which irlclude among others (Parfitt, 2002):
i. Extreme versatility and ability to be tailored to meet very specific technical needs.
onsumption during

mpeting materials, reducing fuel ©

Lighter ‘weight than €O
transportation. ' :

 iii. Extreme durability.

Resistance t0 chemlcals, water and 1mpact

v. Goo& safety and hygiene propertles for food packagmg 7

al msulanon propertles

£ - 3
: . Ha

produce.

vi. Excellent therﬁlal and electric

vii. Relative inexpensive 10

515 Plastics for Recycling
e. There are 4 types of plastics which are commonly

Not all plastics are recyclabl

recycled They are high densnty and low den51ty polyethylene, polypropylene, polystyrene and
problem with recyclmg plastlcs is that plastics are often made up of more

than one kind of polymer or there may be some sort of fiber added to the pla

recovery dlfﬁcult

polyvinyl. A common
stic (a composite) to

give added strength. This can make
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