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ABSTRACT

mg machme was designed, developed and tested.

In this work, a low density polyethylene recycl

The machine was desrgned and developed followmg srmple standard engmeermg prmcrples The
recycling process is airned at reducmg envn'onmental problems caused by 1mproper disposal of
used water sachets in Nrgerra' The low densrty polyethylene recycling machine is a simple

machme that can convemently recycle use

d water achets by followmg a series of agglomeratlon

re f 115°C by radiation to melt the materiail into

process which consrsts of heatmg at a. temperatu

coolmg of melted matenal by con éntion w1th the aid of water as a coolant and

ellet. The machme can carry out the whole pre-

-a liquid form,

size reductrcm of the cooled materral to form
d coolmg and. cuttmg mto pellet form in about 1hour 43mints.

plasticizing process of heatmg, rapi

ut capaclty of Skg, utput capacity of 3 6kg and a power requirement of

The machme has an mp

2kW Ata rnachme cuttmg speed (shaﬁ speed of 450rpm, the recycling machine has a melting

of 81%, oolmg efﬁcxency ‘of 52% efficiency of 72%. “The machme

efficiency and recovery

desighed and’ tested effectively recyc ed used watersachets For effective performarce, the

power requirement for the: machme should be above 1.5Wata higher rpm with a tank and pump

)
i

for a continuous flow of water. o




Cover Page | | t ‘

TitléPage, : , , o : E T | i | |

«- Declaration | o i I 7 ; ii
Certification | - - - :

| ' v

Dedication " S

Acknowledgements : «

Abstract ' o

Table of Contents FX o ‘ viii

‘ . ' : ) ,"’"7 ’ | ‘

List of Tables ' R : : o Xiv
List of Figures * , . ' Y
Notations SR R ' xvi

‘ ‘
) , viii N .




1.3

14

1.1 Background to the Study

Objectives of the Study

CHAPTER ONE

10 INTRODUCTION
12  Statement of the Problem

Justification of the Study .

1.5 Scope of the Study
CHAPTER TWO
2.0 LITERATURE REVIEW
21  Definition of Plastic |
22  General Properties of Plastics |
73  Thermoplastics and Thermosetting of Plastics
24  Amorphous and Crystalline Materials
55  Forms of recycling’
2.6  Waste Management Hierarchy
2.7 Plastic and its‘Enviro“ﬁment
58  Uses of Plastics '

5

13

14

14




29  Types of Plastics

710 Recycling Effect of Contaminants

2.11 Common Contaminants in Recycling Polymer

212 Main Categories of Recycling Plastics

Z.i 3 Percentage of Hm}s"ehold Dustbin

2.14 Beneﬁt of Plastics ’ :

2

2.16 Sources of waste Piastics

717 Identification of Different Typés of Piasiics

7.18 Processing of Reclaimed Plastics

719 Research and Development in Polymer Recycling

CHAPTER THREE
3.0 :MATERIALS AND METHODS

31  Design Analysis
3.1.1 Designof Hopper
3.1.2 Hopper Capacity

313 ) Quantity of

2.15 Plastics for g’ecycl'mg

15
16
17

18

23

23

26

26

26

26

29

30




3.1.4 Cooling Chamber

3.1.5 Mould Design

31.6 Volume of Frusﬁmi
3.1.7 Heat Loss

3.1.8 Rateof Cooling

e

3.1.9 Belt Selection

3.1.12 Power on Motor-Cylinder Belt

-3.1.13 Cutting Blades on the Rotating Shaft

3.1.14 Motor-Cylinder Design Calculation

“ 3.l.1.15 power Required Driving the Shaft

3.1.16 Centre-Distance of Motor- Shaft Pulley

3.1.17 Angle of Contact of Motor-Shaft Pulley

3.1.18 Length of Motor-Shaft Pulley
3.1.19 Determination of Weight of Pulley
3.1.20 Determination of Length of Belts

3.1.21 Design Theory

3.1.10 Determinatidn of the Maximum Power of Belt

3.1.11 Angular Velocity of Mould-Cylinder Belt ‘

36

36

317

38

39

40

40

41

42

43

44




3.1.22 Determination of Weight on Cu‘tting‘Blade ' ‘ '
3.1.23 Determination of Stress on Cutting Blade 43
3.1.24 Bending Moment of Shaft 50 ’
3.1.25 Power Demand at Shaft ' 50
37  Description of Machine and Mode of Ope'rgtioh : 5
32.1 Description of the LDPE Recycling Machine Components 55
322 Heating Chamber 55
323 Cooling Chamber ' 7 55
304 Size Reduction Chamber | 56
-32.5 Mode of Operation of the Machine | | , : 56,
3.6 Maintenance of LDPE Recy(\:likng Machiné 57
327 Recommended Maintenance Sched‘ules‘ for the Machine | | 57
CHAPTERFOUR . 59
40 RESULTS AND DISCUSSION 59
41  Presentation of Results 59
42  Melting efficiency | ' 59
4.3 Cooling efficiency | 60
44  Cutting efficiency | : 60
el

45 Discussion of Restilts




4.6 Cost Analysis 61? | .
4.6.1 ' Material >C»ost | ' ‘ 6
4.6.;2 Labour Cost L 6?4
4.6.3 .Ov<erhead Costv N 64
4.7 Economic Ana!ysis of the Low Density Recycling Machirie ' 65
5.0 CONCLUVS’IONS AND RECOMMENDATIONS | 66
| 5.1 Conclusions O ' j 66
52 FLebbmmendations ' o 67
REFERENCES | . _ | 68
o | | | f S i \ | 4.




2.1

22

2.3

4.2

LIST OF TABLES
o P::ige
Heat Capacities of Plastics and Some Other Materiais : 12
‘Common Contaminants in Recyéled Polymeré o _ 1;.7
Identification o?‘ Different Types of Plastics N 22
The Stages ar}xd Condiﬁons of 'Méteri‘al(s' during the Recycling Process ;59
Cost of Maferialé | ‘ 62




LIST OF FIGURES

Figure ) Pglge
Percentage of Household Dustbin o ’ ‘ S U R
A Cross Section of the Hopper (a; b, ©) | - : 27, 28
Cross Section of V- Groove Belt ‘ 35
33 Motor-Cylind{cr Pulley Belt Arrangement : 38
34 Cross-Section of V-groove Belt o - ' 42
3.5 Motor- Shaft Belt 43
36  Beam Diagram of Shaft 49
3f7 Shear Force Diagram of the Shaft A . | 49
3.8 Bending Moment Diagram of tiie Cutting 'Shaﬁ ’ 50
39  Shear Force Diagram of the Shéft | | 51
3.10 Bending Moment Diagram of the Shaft - 52

XV




NOTATIONS |

N = Number of revolution per minutes

F = Force acting on the cutting shaft

T, Torque of the cutting shaft

n, = Number of blades

ity of the low density po_lyethylene material

I
i

¢ = Angular velocity | .

quired to cut the material

L Tt

P, = Power re

y= Deﬂectlioﬁ of beam

E= Modulus of elasticity

I= Second moment of area ‘
D = Diameter of blade ‘
Fr= Blade resultant force ' |
5 (max) = Maximum stress - |
a = Arc of contact - ‘
0= Angle of twist . | |

M= Mass per unit length




.Dz = Diameter of the shaft pulley

V, = Gross volume of pulley
Vj,= Volume of hopper
g= Acceleration due to gravity

w = Weight of belt

V, = Volume taken by V- groove belt

W, = Weight of pulley
L = Length of belt ,

Denéity of milt steel |

©
il

D, = Diameter of shaft pulley

N; = Speed of motor | o | . |
D, = Diameter of shaft
‘N, = Speed of cylinder ,

C= Center to center distance
T, = Tension on tight side
T, = Tension on slack side

G = Torsion modulus of rigidity ’ ‘







CHAPTER ONE

1.0 INTRGDDUCTION

11 Background to the study
Plastics have become common matenals of our daily living, and many of their properties,

such as durability, versatlhty and hght welght can bea 51gnifieant factor in achieving sustainable
development; However, use of plastics. contnbutes‘ to the growing amount. of solid t»v?aste
_generated, since most plastic products are often use’d‘only once before disposal. The disﬁ»osal
problem is not simply t;echnical‘, but it also has sdctal5 ‘economic and even political aspects. :}This
is the reason why dift'erent methods have beenﬂreiijlex‘ed and applied for solving the prohlems

associated with polymer Waste handling and diépbsal {(Strong, 2000). i

Even though extemal recychng is not the most profitable technique for the treatmfeht of

pla'stic waste, it will have a s1gmﬁcant role in the future. In spite of the application of clean

technology and waste elimination,” it is not expected that the amounts of plastic wasite will

decline, thus, new recyclmg method will have to be developed. From the perspective of ca}talysis,
i ‘

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

cy

(Phillips, 2000)-
The world’s industﬁaliiaﬁon and population isgrowmg rapidly and rising sharply It is
estimated to be about 6.5 bllllon according to the U.S. Census Bureau. The bureau estlmated thratres-
249 people are born ar_ld 108 people die every mmute, meanmg that the world’s populati;‘on grew
by 141 each minute of 2006. The total is expected to reach 7 b1lhon in 2012. (chrosoﬁ;Encarta,
009) Based on this fact, the demand for an envxronmental control of the entire world is
iving. Natlons ,wnth high

/

and satlsfy the standard of li

day as it is needed to raise
g with good health. In 1search of

1ncreasmg day by
r

env1ronmenta1 control always have a better standard of hvm




quld then 10 coollmg

developed in stages i.e. from melting of tlie””matei'lals' (LDPE) to form & li
formed msrde the mold The last stage is slze

nt. Then' a lump is’

toa shaft been power

use as a coolan

were water is
ed by an electric motor.

series of blades are welded

reduction were

11 Statement of the Problem
onfront certain countrles of

The most critical env1ronmental problems today are those that c

the world especrally the tlurd world countrres Wthh cover the world’s poorest nations and‘lthese
ln'clude countries of Latin America, Afrlca and Asra. The thlrd world countrles are also rel Eerred
untrles, and ngerla falls under thrs category A growmg populatlon and

to as developing €O
problems of

increasingq industrialization estabhsh urgent needs to creatwely solve the

environmental pollution in Nigeria.
The problem usually associated wrth environmerital control particularly in the tlrir(l world

countries may be attnbuted to the followmg -
1. Improper usage of all packagmg materlals and an effective control of environmental

not properly managed. . , ﬁ

dr charges are
ation and maintenance ¢0

g machines i.e. the fabric st have

2. The cost of mechanical recyclin

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 ofa

low density polyethylene recycling machine.




a

improving the standard of fiving, the world spvironmental control is seriously increasing at @
critical rate when compared to the world ’pop’n_iatibn and industry.
Recently, much attention has been _directed to the packaging of 1ndustnal matenals e.g.

water sachet sacks and. wraps by a vanety f mterest groups mclndi’ng: env‘ironmentathts,
ofﬁcrals commercral and retail bujsmess men and legislators on the Environmental

yethylene (LDPE) Varrous surveys cartie

government
4 out showed that the

problems of low density pol
aused by packagmg materials Wraps and sacks whiich has

percentage of envrronmental pollutron c

ion Agency (USEPA) to be 8:6 percent of

been assumed by Umted State Envrronmental Protect

the total pollutants in the envrronment (Phrlhps, 2000)

Nearly two-thirds of the LDPE found in mumcrpal sohd waste originate from packagmg

Another sizable fraction comes from non—durable goods, especially trash bags. The two main

q‘fnrecycled LDPE are both m the bags sacks, and wraps category: stretch wrap and

sources O
at 150 thousand tons . of LDPE bags, sacks and

merchandise bags. The USEPA calcnlated th

Wwraps were recovered in 2003 for a recYchng rat_e of ,5.7 percent. The overall recycl'mfg rate for

LDP_E in municrpalsohd 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 facmg envrronmental crlses over the past ten 10 fifteen years despite the

fact that she is a developmg country. The increase in the number of industries and population had

envrronmental pollutron which brought about the control measure by

f

led to an increase in

recycling LDPE materials to new products.

’l his research work is armed to develop a recycling machine of low density p(éf)lyethylene,

which will help to reduce amount of waste materlals in the environment. The %machinc.s is




of the Study

1.4 Justification
oited due principally

Waste materials recycling capablhty of ngerla has not been fully expl
enous processing technology' aS obtained in other “developing A51an

to lack of appropriate indig
countries. Nigeria as 3 developing country w1th a grOng populatlon and mdustnahzatlon must
ensure a4mammum 'uuhzaﬁon of waste packagmg materlals of low density polyethylen(,. To

rdable low density polyethylcne

archwe this, ther fﬁment and affo

e is a need to develop an €
recycling teehnology Wthh can be adopted by people It is env1saged that manufacturers and
research mstltu‘uons can adopt the developed lo_'w“d:ensny re_cyclmg machme for LDI;E ma1j;erials,

thus helping to clean up the environment.

1.5 Scope of the Study -
d to the design, develop and evalu

The scope of thlS study is hmlte ate the performahee ofa

LDPE) recyclmg machme

Jow density polyethylene L




Definition of Plastics

Plastics are materlals made up of large orgamc (carbon-contammg) molecules that can be

cts. The molecules that compose plastlcs are long carbon-chams

formed into 3 variety of produ
that give plas stic many ¢ of thelr useful propemes Tn: general materials that are made up of long )
chain-like m‘olecules are called polymers The word plastic is derlved from the words pl{aiicus
or fit for moullding”)

g”) and plasttkos (Greek “to mould,”

(Latin for «capable of mouldin

(Microsoft Encarta, 2009).

The modem plastrcs mdustry can trace 1ts ongm back to a century and a haif w’f'hen, in

arkesme the ﬁrst man—made plastlc In 1891, Rayon was

1862, Alexander Parkes unveiled P

phane in 1900 and Bakehte in 1907. There arc in excess of twenty

introduced, followed by cello

different polymer types in common usage today These mclude polyvinyl chlorlde (PVC)
polyethylene (Pl?,), polyamide (PA), pol‘ystyrene)(PS) and polypropylene (PP), Wthh had been

developed by the 1960s.

The term Plastics’ refers to a range of different polymeric materials. These can be

broken down into twWo distinct groups: thermoplastlcs and thermosets. Thermoplastics l;oﬁen and

melt on heating and may be mechamcally recycled into new products when the' originfal product

life is finished. Thermoplastlcs represent some 95% of plastlcs in use. Thermosets dolnot soften

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




v;/ay as thermoplastics. They may. be_grour_i{d 10 glapoyvd_e_r, and used as filler. Alternatively, tlhey

may be feedstock recycled or used in energy recovery processes.

Over the years, many recychng machmes have been adopted to recycle low def:nsity

polyethylene materrals Although the performance of these recyclrng machines has notf been

satisfactory, there has been an 1mprovement The low efﬁcrency of these machines is as alresult
e feedmg and meltmg rate and separati(fm and

of not considering certain parameters such as th

shredding techniques.

Pl st1cs use has grown srgmﬁc ars. Globally consumptron has risen

antly m the last 50 ye

from 5 mllhon tonnes to some 100 mlllron tonn Thrs growth is attrlbuted to the beneﬁcral

They are relatwely strong hghtwerght and cost-effectwe They can be

{

y range of sec}tors and

properties of plastics.
functrons as evrdenced b

precrsely engmeered to perform many drfferent

here plastlcs are used whrch can be a major contnbutor to the economy. | ‘The UK

on tonnes of plastlcs productions during 2000 and 4.65;8 million

' applications w

used approxrmately 4.5 milli

tonnes_ during 2001 It is estnnated that the plastlcs sector accounted for approximately 1.5

percent of the UK demand for chemicals in 1988 V(BiffawardEnvuos, 2002).

i

2.2  General Propertlos of Plastlcs

[}

Plastics possess a wide variety of useful properties and are i;,relati'vely inexi;pensive to’

produce. They are hghter than many materials of comparable strength and unlike tmetals and

‘wood, plast1cs do not rust or rot. Most plastlcs can be produced in any colour. They can also be

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

(impenetrable to light).




ower density than metals.

Plastics have i
1 which 785 glom’.

d to density of stee

and other fibers to forml incredibly strong materials. For

g/ cm’ compare

ensile strength (re51stance of a material tc be

2009). The advantage

can have 2 t«

165 MPa (Encarta Premium,

osmn transparency

resistant to rust and corr

2009).

Plastics however, have some

poisonous fumes. Although cer;tain*ptastic:s_tare specific

high as 288°C, in general plastics are not used:

their molecular stability, plastics do

disposal of plastics creates a sol

Polymers can be separ

heated. Polymers with lmear moleeules are hke

soften upon heating and can be remo

amorphous. The other group of p

pressure and cannot be

" pot soften under heat and

2009).

Thermo setting

2.3 plastics and Thermo

All plastics, whether made by add

into tWo groups: thermoplastlcs

ways these types of plastics respond to heat Th

Most plastics vary in denst

plastics can also

S of plastics are 1i

and they. are vlfreely co

e dlsadvantages. W

ﬁcally desngned to with
d when high heat resis

) nct easily bteak down

ated mto two different gr

ly to be thermoplastlc
ulded “and (recycled. They

olymers is known as th

ition or condensation pol

and thermosettmg plastic

ity from 0.9 toj 2.2

be remforced with ¢ Jlass

example, nylon reinforced with iglass

& apart) of up to

ing elongated or pulle
ghtness and robus';tness,

Jourable (Mlcrosoft Encarta,

When burned, some plastics produce

stand temper‘ature as

tance is needed. Because of

into simpler components. Asfa_resu\t,

id waste problem: (Encarta Premium, 2009).

roups de]aending on their behaviour when

These are substances that

can be sem1-crystallme or

ermosets, These are Substanr;:es that do

remoulded or recycled.(Encartd Premium,

Plastics

ymerization, can be divided

cS. These terms refer t0 'jthe different

ermop]astlcs can be repeatedly softened by




heating and hardened by cooling. Thermosetting pl'astics; on'the other hand, harden permanehtly

after being heated once.
The zreason for the difference in response 10 heat between thermoplastrcs and
thermosetting plas stics lies in the chemtcaletructurel‘of the plastics. Thermoplastrcs moleeules,
-which are linear or slightly branched ‘do not chemrcally bond with each other when hcated
Instead, thermoplastrcs chams are held together by weak van der Waal forces (weak attractlons
between the molecules) that cause the long molecular ‘chains to clump together like pfiles.of

entangled spaghetti. Thermoplastrcs can be heated and cooled, and consequently softent;ed. and
dle wax. For hiis! reason thermoplastrcs can be remouldfed and

hardened, 1repeatedl§, like can

 reused almost indefinitely. -

of chain molecules that chemically bond or cross—lfink with

Thermosettmg plastics consist

ach other when heated When thermosettmg ‘plastics cross-link, the molecules create a

permanent, three-drmensronal netwmk 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, thermosettmg plastlcs are often used to make heat-resistant products becz‘tusethese

of 260°C wrthout meltmg (Encarta Premium, 2009)

plastics can be heated to temperature

The different moleCular structures . of thermoplastrcs and thermosetting plas;tics allow
manufacturers hto customize the properties’ of commercxal plastics for speciﬁc ap}plications.
Because thermoplastic materials consist of indiVldual molecules, properties of thermolblasti‘cs are
largely influenced by molecular weight. For mstance increasing the molecular ui/eight of a
thermoplastic material mcreases its tensrle strength, impact strength, and fatigue strenlgth (ability
of a material to WithStand‘constant stress) Conversely because thermosettmg plastrcs consist of ;

v




.

erght.do,es_ not fsigniﬁcan_tly influence the properties of

etworl( molecular w

gle molecular 1
ad(llng

a sin
‘these plastrcs Instead, many propertres of therrnosetting plastics are determined by
remforcement such as glass fibres (Encarta Premium

* different types and 'amounts ol’ fillers and

2009)-

2.4 Amorphous and erystalline Materials .

Amorphous ‘mat_erlals are those in which molecular chain structure is randorn and
becomes mobrle over a wrde temperature range It means these materrals do not literally melt but
olten and they begm to soften as soon as heat is applred to them They get softer’ and as

untll they degrade as

Examfples of

i

rather 8
1ng excessrve heat

a result of absorb

heat is absorbed

amOrphous materials are , acrylrc, polyaryluate and polystyrene.
In crystalhne mat nals ‘the molecular charn{structure_ is well ordered and becomrz':.‘mobile
onlyafter the matenal is heated to 1ts meltmg pomt That means such materrals do not go through
a softening stage but stay rrgrd untrl they are heated to the specific point at wlnch they
1mmed1ately melt. They wrll degrade 1f excessrve heat is absorbed Examples of orystalhne
polyethylene and PVC (Encarta Premium 2009)

materials are acetal nylon polyester,

2.5 . Formsof Reeycllng

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

e mam categorres a €x

1

ay be grouped mto thire: plained

different methods. These methods m:

@

below.




Mechanical Recycling

Plastics can also be recovered from waste v1a mechanical recycling. The mechanical
recycling process involves 2 pumber of operatronal steps: separatlon of plastrcs by resin atype,
washing to remove dirt and contammants gnndmg and crushmg 10 reduce the plastics pdrtlcle
size, infusion by heat and reprocessmg mto new plastrc goods This type of recycling is mamly
restricted 10 thermoplastibs-because thermosettmg cannot be remoulded by the effect of heat

(Aguado and Serrano, 1999) h

Mechamcal recyclmg of’ plastrcs is: hmrted by the compaubrlrty between the different

" types of polymer.‘ Presence of @ Lpolymer dlspersed in a matrrx of a second polym‘ler may
dramatlcally change the propertles and hlnder the possrblhty of 1ts use in the comzfentional
polyvinyl chloride (PVC) during

application. ‘A good example of this is- the 1mpact of
polyethy lene terephthalate (PET) processmg Only a small amount of PVC in the recydling PET
strongly reduces the commerclal value of the’ lather (Aguado and Serrano, 1999).5 Another
prOblem, with mechanical recyclmg is the presence in plastics waste of products mdde 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 -tof effects of
temperature, ultraviolet radlatron oxygen and ozone. Therefore, recycled polymer exl%libits lower

and performance than the v1rgm polymers and are useful only for unden‘landing and

properties
s without pnor separation by resini produces a

lesser value applications. Recyclmg of plastlc
it is often used for the replacement

material with mechamcal properties similat to timber. Hence, i

10




of timber in certain applications. A hrgher qualrty of recycled plastics is achieved 1when
separation by resin is carried out prior to the re-mouldmg step (Aguado and Serrano, 1999)

Feedstock Recycling

Feedstock recycling of plastrcs also called chemrcal or tertrary recycling is based ‘on the

decomposmon of polymers by means of heat chemrcal or catalytrc agent 1o yield a va:,riety of

products ranging from the chemrcal monomers to a mrxture of compounds with possrble
mrcals or fuels (Aguado and Serrano, 1999). The chemrcal

applrcatrons as a source “of che

recyclmg processes can be classrﬁed into three mam areas (Janssen and van Santen, ];999) as:

recycling to fuels (gasoline, hqueﬂed petroleum gas (LPG) and diesel oils); recycling to

mononiers; and recycling to industrial chemicals.

and molecular weight of

Depending on recyclable plastics”types, desired ‘composition

an be implemented wrtlnn the areas

' products many dlfferent methods of feedstock recyclmg c

a-Mella, 2002 Janssen and van Santen 1999). Until now, only a small

mentroned above (Yi

number of chemical recyclmg methods have been commercially realized but the mterest in more

i

efficient processes is still g need of polymer waste recyclmg in the

growing due to the emergm

s economy than by technical

future. At the present feedstock recychng is more limited by proces

reasons. The factors which determme the proﬁtabrlrty of alternative feedstock recyclr g methods

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

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

v

According to the separation step‘s required, the methods can be ordered as follows:

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

n be ordered also accc}rding to the

i

_ depolymerization. However, the feedstock methods ca

1




case‘ the order of methods will follow: thermal ipoi‘ls,

commercial value of the product In that
synthesrs gas. hydrogenatron oils, ca talytlc orl and monomers It is interesting 10 note that the
required pre-treatment and product value follow almost reverse. orders (Aguado and Serjfrano,

1999).

Energy Recovery

Waste incineration, or controlled bummg is typrcally consrdered as a drsposal method,

‘because it is usually apphed as a method of reducmg the volume of mrscellaneous mumcrpal
n as recovery method, as plas‘uc,s could

plastrc can also be see
4

wever, mcmeratron of
the plastics applicatron is

waste. Ho
replace the application of other orl-based fuels It can be vrewed that
the first purpose of orl and energy productron 18 the secondary task Indeed mcmeratron with

amatron is eonsrdered as a recovery method and due to therr high energy content,

energy recl
e other materials are

le fuel The heat capacrty of plastrcs and som

plastics aste is a valuab

shown in Table

Table 2.1;  Heat "Capacities of Plastics and Some _Other Materials

¥

~ Material Heat Capacity (MJ/Kg

. : 2 ?‘ - N
Material Heat Capacity (MJ/Kg)

pvC ‘18} R . Heavy Fuel oil |
PE 27 épal | 26 ]

PET 46 Natural Gas 36

PS : 41 Milled Peat 10

12




o0
Unit MJ/m’ (0°C)

Source: Yia-Mella (2002)

2.6 Waste Management Hierarchy
This is a ﬁ'amework that ranks waste management in the order of sustainability and in
i ental 1mpact The terms are as dnscussed below (Brown, . 20()16)

accordance with the environm

Reduce- means to avoid or reduce the prqduc,ti(jnﬂ of waste from ‘source, 1.€. waste mjnimiization,

thus reducing costs and environmental '}mp'aqsx. :

some materials ‘and ,‘productions" can "l_)e‘ﬂused :again for either the same or different

Re-use-

purposes (&-g- milk bottle).
Recycle- materials can be used in prodﬁction processes ot as secondary or raw materials (e.8.
aluminun cans). Also composition of green waste does what??
Recovery- where none of the above is possible, the next best thing is to regain as much value as

possible through energy recovery. :

Disposal- 1f none of the previous options offefs an appropriate solution, only then shéould waste

be disposed of (-8 landfill).

13




2.7 i’lastilcs and their Environment

Plastics are used throughout the world for a broad pumber of reasons. Although plastic is
y envrronmental concerns assoclated with its

certainly a g’lobally important prOJect there are man
use. One of the positive charaCteristics of plas ic 1s the fact that it is durable Unfortunatehy, this
cteristic when it comes to the envrronment The fact that a plastic is durable

is not a positive chara
means it degrades slowly In addrtron, burnmg plastlcs can sometimes result in toxic fumes.
plastrc, creatmg 1t can be costly to the envrronment as well. It

Aside from trying to get rld of

emlcal pollutants to cre

takes large arnounts ﬁof chi significant amounts of

ate “plastic, as well as

fossil fuels. On the other hand, some argue that plastlcs help the envrronment in several ways.
After all, plastic has been used to make cars hghter As a result less oxl is used to mobilize the

car and less CO is emitted. In addition, plastic’ contamers provrde safe ways for dlsposmg of

toxic wastes products. Ll

plastic materials has mcreased from around 16. 8 /o million

The world annual consumption of
In the UK, a total of approximately 4.7

tonnes in the 1950s 10 nearly 100 m11110n tonnes today

2001 (Aguado_ and

s

‘million tonnes of plastic products were used in vanous economic sectors in

Serrano, 1999).

»2.8 Uses of Plastics

Plastics are indispensable to our m(')d‘ern'waykof‘ 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 morning, they step out

ars we drwe, the computers we use, the utensnls we cook

onto pwolyester and nylon carpets The v

[}

with, the recreatronal equlpment we play wrth and the houses or burldmgs we five/and work in

14




The _‘ average car contains almost 136Kg of plastics

all include important plastrc components.
nearly l?.percent of the "vehicle’s overall werght Telephones textiles, compact disc; paints,
er domesttc products made of plastics. In 1979 the

_plumbing fixture, boats, and furmture are: oth
duced in the Umted‘ States s

surpassed the volume of domestically

" volume of the plastics pro

produced steel. (Aguado and Serrano, 1999)

sed extensrvely by many key mdustnes including the automobile,

Plastrcs are u

aerospace, constructron packagmg and electrrcal 1ndustr1es ‘The aerospace industry uses  plastics
astics are also used in

and arrcrafts Pi

to make strategrc mrhtary parts for mrssrles, rockets

d field and blo-compatlble Jomts.

Packagmg represents the largest single sector of

specialize
5% of UK plastics consumptron and plastics are

the UK. The sector accounts for 3

plastlcs use in
the material of choice in nearly half of all paékaged goods (Aguado and Serrano, 1999)

H
f

29 Typesof Plastics

There are about 50 drfferent groups hundreds of different varieties. All

of plastrcs wrth

types of plastrcs are recyclable To make sortmg and thus recychng easier, the Ame_rican Society

lp consumers identify and sort the

ped a standard markmg code to he

of Plastics Industry develo
s are (BiffawardEnviros, 2002):

These types and the1r rnost common use

main tjypes of plastic.

e terephthalate (PET) Flzzy drrnk bottles and oyen-ready meal trays.

Polyethylene

High density polyethylerle (HDPE) Bottles for mrlk and washmg—up liquids.

T

Polyvinyl chloride (PV_C) — Food trays, ‘cllfn;gl‘ -;ﬁrms, bottles for squash, mineral water and

shampoo.
Low density polyethylerié f(LDPE) - -Carrié‘r ‘bagfé and Ebin liners. .

15




Polypropylene rP) - Margarine tubs, mlcrowaveable meal trays.

Polystyrene PS) - Yoghurt, pots, ,foams meat or fish trays, hamburger boxes, egg cattons,
vending cups plastlc cutlery and protectlve pécks‘g'ingfor electronics goods and toYs.

OTHERS- Any other plastlcs that do not fall mto any of the above categories — An example is

melamine, which is often used in plastlc plates ‘and cups.

2.10 Recycling Effect of Contamination

d -for recycling, contarhmatlon is 'present -everywhere, resulting in

In polymers use
n form of dirt, prmtmg inks,

g It can be 1 metals, foil,

‘reduction of the quahty of recyclin

additives, pestlcldes, partially © oxidized polymers contamination by foreign bodies can be

in PET and HDPE bottles co
stem vehlcles and forhiture which now come for @reeycling

llected from road51des In very old scraps of building

notlced even

products, electrical and electromc sy
may’ contam very high concentratlon of addltlves in partlcular fire retardants, which are now
banned. However accldental or unmtentlonal mlxtures and multi-component productions do

pose problems (BlffawardEnV1ros, 2002)

‘ 'l




711 Common Contamihants in Recycled Polymers

_ Table 2.2; the common contaminants in recycled j)olymers

_—./'—_—-_ - .
Polymer ‘ ; Recycled source: - ‘ Contaminants

PET ' . PVC, green PET, Al, water,

‘ o ' glue, | .
HDPE | Milk/water bottles : PP, milk residue, pigments,
'LDPE Greenhouse ﬁlrhs 1nsecticides, soil, ‘,'Ni,
N " oxidation product
'LDPE Shopping bags - : Paper receipts, printing ink,
PP ,‘  Battery cases’ e Pb, Cu, acid, grease, dirt
HDPE R :Deteréént bottles Paper, glue, | surfactants,
{ 3 o bleach,
PET ot Photographlcﬁlm - Silver halides,  gelatin,’
" . , o caustic residues
Phenol Circuit boards e ‘ Cu, tetrabromobi phenol A

LDPE 4 Multilayer ﬁlm | Ethylene  vinyl alcohol,

polyamide, ionomer

pvC v Beverages bottles PET, PE, paper, Al foil, PP




rominated flame

Polyb

——______—_——-—/ . - .
ABS retardants . Apphiances housings
Automobile tires ' " Gieel  wires, fibber, and

SBR extender
oil

Soil (up 10 30%), iron (up to

LDPE , Mulch film
. 3%insoil)

I LT e
Source; BiffawardEnviros, (2002)

212 Main Categories of Recyciingilflgstﬁic

The four main categories of rccycling plastlcs accordmg to (Blff wardEnv1ros, 2002) are:

s is the: conversmn of waste plastics into products having

Primary Recyclmg T hi
made from vn‘gm plastics.

e to that of ori gmal products

¢l comparable

astics into producfts having

{
performance lev

T

s the conversmn of wastc pl

Secondary Recycling This cntall

ments than the crigi_nal material.

less dem'andmg performance rcqulre
’][‘ertiar& Recycliné: ‘This 1s the process of producmg chcmlcals/fucls/similai: products

from waste plastics.

cling: This is gy from waste plastics by

Quaternary Recy the process of recovering ener

incineration. o

f Household Dustbin S

2.13 Percentage 0
c makes up around 7% of average household dustbin

According to Parfitt (2002), a plasti

(Figurc‘ 2.1).




- =" Nappks 2%
wisc. non combus fibles 5%

Sorap iretalw hite goods 5%
tetal packaging 3%

usehold Waste Compositions

| Fig. 2.1 Anaiysis of Ho

Source: Parﬁtt (2002)
UK is estimated tof be nearly

" The amount of plastic waste generated annually in the
An estimated 56% of all plastics waste is used packaging, three-quarters of

3million tonnes.
sehold. It is estimated

that 7% of total plastic waste- arising are currently

which are from hou

being recycled:”

The prod‘uctioh and use of plastics has a range of environmental impacts. Firstly, plastics

production requires significant quantities .of resources, primarily fossil fuel, both as a raw
material and to deliver energy for the manufacturing'procoss. It is estimated that 4% of the




!

a feedstock for plastlcs productlon and an addition;al 3-

win TR PR

world’s annual oil production is used as

4% during manufacture (Parfitt, 2002).

2.14 Benefits of Plastics

The considerable growth in the p‘lastic ,\lse isdue to the beneficial properties of plastics

which irtclude among others (Parfitt, 2002)

i. Extreme versatility and ability to be tailored to meet very speciﬁc technical needs.

reducing  fuel consumption during

Lighter ‘weight than competihg ,métterlals,‘

transportation. - o ; : ,

iii. Extreme durability. -
iv. Resistance to chiemicals, water and 1mpact

V. Good safety 2 and hygiene propertles for food packagmg

ctrical msula’uon propert1es

Excellent theﬁllal and ele

[

vi.
vii. Relative inexpensive to produce.

2.15 Plastics for Recycling

f

able There are 4 types of plastics which are commonly

Not all plastics .are recycl
lypropylene polystyrene and

recycled. They are high density and low densny polyethylene, po

on problem with recychng plastlcs is that plastlcs are often made up of more ‘

polyvinyl. A comm
than one l(ind of polymer or. there may be some sort of fiber added to the plastic (2 compos1te) to

give added strength. This can make recovery dlfﬁcult




716 Sources of Waste Plastics
(or primary. waste) can often be obtained, from the large plastics

g industries. Rejeqted or

an. Although the quality 0

jon, and therefore production,

ials usually have

Industrial waste
waste materi

packagin

ssing, manufacturing and
f material available is

proce
cteristics for recycling and Will be cle

good chara
small, the quantities tend to be growmg

as consumpt

sometimes
aste 1S often available from workshops, craftsmen, - shops,

increases. A commercial W
supermarkets and wholesalers. A Jot of the.plastics available from these sotrces will be high
density and low density polyethylene and often contaminated.

dens outside the urba

om farms and pursery gar

al wastes ,,can be obtained fr

in form of packaging (pl

Agricultur
s or sheets) or construction

astic container:

areas. These are usually
materials (irrigation of hosepipes)- Municipal wastes can be collected from residential areas
et, parks, collection depots and waste dumps. In Asian cities

:c or household wastes), stre

(domesti
be collected

these types of waste are common and can elther be collected from the streets or can
from households by arrangement with the house holders (Lardinois, 1995).

2.17 Identification of Different Types of Plastics

h between the common types

that can be used to dlStlng\llS

There are several sxmple tests
that they may be separated for processing. These tests are discussed below and

pos51ble results presented in Table 2. 3 (Vogler, 1984)

of polymers sO

Water test: After adding a few drops of liquiddetergent to some water, put in a s:;mall piece of

plastic and see if it floats.

-21




ack of a knife. and apply a

Burning test: Hold a piece of the plastic in 2 ‘tweezers Of On the b
flame. Dose the plastic burn? If so, what color?

Fingernail: can a sample of the plastics be scratched with a ﬁ,ngemail?‘,

Different Types of Plastics

Table 2.3 1dentification of

R
Test

Floats Sinks

[——
Water Floats
yellow s00ty ‘
Burning Blue flame yellow flame yellow sooty smdke
smell .
Smell  affer fike candle wax  like wax Sweet hydrochloric
burning, acid
Scfatch Yes No ' . No No l

per wire and then hold to

le with a red-hot piece of cop

To confirm PVC, tpuch the samp
the flame. A green flame frém the presence of chloﬁne confirms that it is PVC. To determine if 2
plastic is a thermoplastic or a thermoset, take é piece of wire just below red heat and jpress it into
the material, if the wire penetrates the’ mjatcrial, itisa vthem‘\oplasti‘c; 1f it does not it is a

thermosets.

22




b

218 Processing of Reclaimed Plastic

Once the plastic has been collecfed, it will»‘havle‘kto be cleaned and sorted. The techinique
used will depend on the scale of operation and the tjlpe of waste collected, but at the simplest
and washing and sprtingh of the vp'iastvic into thé xjequired groups. ‘More

jevel will involve b
ons. Sorting of

sophisticatad mechanical ‘washers érid‘solabr'd‘rying can be_used for larger operati
er fype (thermoset or thermoplastics for example), by product (bottles,

f

plastics can be by polym
plastic sheeting) or by colour.

2.19 Research and Development in Polymer Recyeling

Recycling of wastes has been practiced for a long time; much impact is bearing seen in

the developing countries of Africa and Europe.

search demonstrated and showed that the

ONITIRI and ADENIY1 (2002) in their 1€

compression test on recycled and virgin unplasticized Polyvinylchloride (UPVC) undue
recycled UpPve exhibits better rigidity for

transverse joading at different temperature shows that
all the temperature considered ‘except at 40°c where a stress at yield of 0.5919mPa and
JPVC) respectively. The recycled UPVC

recorded for recycled and virgin (

'0.6131mPa was
between 25°C and 85°C with great improvement

r dimensional stability at temperature

shows poo
6:9760% and 29.8960%, respectively) n at fracture of

at 100°C and 115°C a as compared to strai

37.1300% and 42.3910% respectively for virgin upvC.

Recycled UPVC was found to be a reliablé, and in some cases @ better alternative 10
'properties of recycled UPVC can be achie;red if

geneity, and previous history of the UPVC regrind.

virgin UPVC. Improvement‘ in the mechanicai

greater attention is given to purity, homo




work that a plastic can be made as encrey recovery- In

fueled burner in 1999 after

jawad Bhatti (2010) affirmed in is
ed a plastic-

d GR. Technology mvent

south korea, startup name
conducting emissions testing between 2005~ 2007 in conjunetion with Penn State University, 2
These boiler are designed to- startup on diesel or kerosenc fuel and

subsidiary of G-R technology-
PE or PP : ,

produce 100 OOOkcal/hr (418.4MJ/hr 19.81b/hr) of feed with

then run indefinitely on

The units are rated to
ets. These as emerged to provide plastic fuel of Eco -

1 1,500kcal’kg (48.1MJ/kg) plastle fuel pell

Clean Butners using the process developed and called “plasto fuel”

Also, at energy conference fJawad.A.Bhatti and 3, Col, (2010) recently unveiled 2
ombuster for dedicated plastic combustion. The system

e double tank waste graduated ¢
mbust and generates heat

prototyp
utilized an upper tank for the pyrolysis of plastic and a lower tank to cor

and steam.

baeyens (2009) reported in a research work on- recycling and recovery

Al- Salem, lettlen
routes of plastics solid waste. In is paper, recent progress in the recycling and recovery. A -s.peeial
which makes: up great

enerated from polyolefinic source

paid on waste g
routes of PSW treatment are

emphasis was

percentage of our daily life circle. Plastic product and the four
detailed and discussed e’overing primary (re-extrusron) secondary (mechanical), tertiary
recovery) SCherne and technologres. Although prlmary and

(chemleal) and quaternary (energy
was concludetd that many

well estabhshed and wxdely apphed I

secondary recycling seheme are
to be robust and worthy of

of the PSW tertiary and quaternary treatment seheme appears

additional investigation. -
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OMAFRA, and Carl Fletcher, Guelph, OMAFRA..

pP. Eng. Kemptville,
nd commzerciaf

gteve Clarke,

(2002) developed 2 pilot project plan on polymer 10 assess the problems 2
_viability associated with the recycling of agriqultural plastic. This project has been joint effect of
p improvement Association and Food (OMAF). Field research 1or the

the Ontario soil and cro

£ a number of pilot ntario in Alexandria

collections across 9)

project has consisted 0

25




CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Design Analysis o

Design analysis is the process aimed at evaluating the necessary design parameters,

strength and type of materials for consideration in the selection of the various machine parts in

order to avoid failure by excessive yielding and fatigue during the required working life of§ the
machine parts. The results of this analysis will be incorpore'ted in the design calculation to

prevent the possibility of under desigri or over design of parts for the fabrication of the machine.

3.1.1 Design of Hopper

During hopper deSIgn, an 1mportant cons1derat10n is taken to achieve mass out-flow of
material out from the hopper thereby mlnlmlzmg archmg (i.e. where no flow occurs) jand
funneling (i.e. where flow may be reduced). Also the hopper’s strength and capacity are taj?.ker‘u

into consideration. In designing a hopper, it is recommended that the angle of inclination of the

A 3
sides of the hopper to the horizontal must be greater than the angle of friction between the

hopper wall and the material. The cross-section of the hopper is shown in figure 3.1(a, b, ¢)
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4

Assuming that the hopper is fully loaded with polyethylene, the weight of polyethylene to be fed

into the hopper will be:-

mass of one piece of polyethlene = 2.32g =232 x 10~3kg

¢

for one piece =2.32 x 10'3kg o

; Where g = 9.81m/s

Fg = 2.32x 107 x 9.81 = 0.0227592kg o

Then, the weight of 220 packs = 5.0001kg
= 5kg ‘ " |




3.1.2 Hopper Capacity | '

In determining the capacity of the hopper, the volume of the hopper is considered | by
Beyer 1987 using “Cavalien’s theorem Gave an expression for calculating \./olume of hopper
He stated that the hopper as a Frustum of pyramid shape. Regardless of the shape of the base
whether circular in the case of a cone or square in the case of Egyptian pyramid or any other

shape,

Pyramidal frustum is EIRER LTI

Volume = 1/3 h(4, + 4, + VA14,).....

Where; A; = Area of the top

ceeeeene(3.1)

LA R R A T R P e

A, = Area’of the bottom
h = Height of the hopper

Considering the following dimension; .

Length of the top = 0.49m
Breadth of the top = 0.49m
Length of the bottom = 0.2m
Breadth of the bottom = 0.2m
Height of the hopper = 0.5m : ,
}Therefore; .
Area of the top, A1l = 0.49 x 0.49

= 0.2401m?

Area of the bottom‘

A2= 0.2x0.2




= 0.04m2

Substituting in equation (3.1),

Volume of hopper =y = 1/3 h(4, + 4, +.4,4;)

= 1/3 x 05[(0.2401 + 0.04 ) + V02401 % 0.04]
=1/ x 0.5(0.2801 + 0.098)
=1/3x05(03781)

=1/, (0.18905)

= 0.063016666 . 2 :

= 0.06302m>

Using 20% as a factor of safety for the capacity of the hopper

—20x006302 ' ‘
100" 1

= 0.012604m’ v ~ - g

This .is the capacity of the hopper= 0.012604 + 0.06302 = 0.075624m>

3.1.3 Quantity of Heat Require To Melt the Material :

Mass of material to be recycled (m) = 5kg :

Expressing the value of (m) in volume

e (3.2)

i R R A

From density (p) = M/,

¢

V="/ |




Where p = density of the material (i.e. LDPE)

920k ’ o /
p= g (martienssen and warlimort 2005)

Using the mass, the volume of the material to be:recycled

" ‘ | ESkg

‘ P EE ‘-'3 3
W)= G = 5435 X107

Taking 20% as 2 factor of safety

2

/

20 L | R RSP PRLI
V=g % 5435 10~%m3 = 1.0869 x 10~3m? ‘

Total Volume (V) = (5.435 % 1073m3 + 1.0869 x 1073

= 1086.905435m°

~1086.91m3 . u

Melting point of the material (low density polyethylene) = 115°C
" Therefore quantity of heat required toer'nelt' 5kg of the material,

Q=MCAT(33)

That is Q = MCAT
Where m = Skg, C = 2.302K]/KgK, T, = 25°Cor 298K,

T2 = 115°C or 388K (T = room temperature, T, = melting temperature)

. Q = 5kg x 2302 x (115-25) .
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Q =10359kg | .
- Therefore, | PR ' -
Wattage, wW=QIT IR ’ . | -
W = 1035:9kg/5 X 60 .
1 W = 3.453kw
3.1.4 Cooling Chamber ' | s
. A tank of water with the following dimensions as statéd below. A %:
L =49cm \ | -
. | : B =49cm ' |
~ H=10cm | - 3 | - ‘
Volume of a tank = Length x Breadt‘h‘x Height ;'
= 49cm x 49cm x 10cm ‘
. =24010cm
&:{ ‘ .
; =0.02401m’
% . 3.1.5 Mould Design -
'é' The  shape of mold is a frustum like with the following dimensions. - | (
| Diameter of the top = 3.6cm = 0.036m ‘ ; | %
- , | .
| | .32 | o




.

f)iameter of the bottom=4kcﬁf=0.04rrﬁ1‘ o

Height of the frustum = 10cm = 0.1m

3.1.6 leume of Frustum

L

The total number of frustum in thé cooling chamber is nine (9).

Volume of a frustum V | | '

V=E3-h(R2+r‘2+R><‘ E)eeeteneennesnneesesanensennenesiesanes

TESUTT O ¢ X )

=2 10 (0.02°+0.018°+0.02 x 0.018)

=—;5 10 (0.0004 + 0.000324 + 0.02 + 0.018)

=2 10 (0.000724 + 0.00036) _
=2 (0.001084)

=0.104719755 (0.001084)

=0.000113516 o
. : T
V = 1.135% 10*m’ ' , ' , ,
Total Volume = (volume of a frustum Total number of frustum)
V=1.135%10%x9
=0.0010215 o
=1.0215 x10°m°
i

R

e



- ’ o
Therefore; to determine the amount of water in the cooling chamber | .
Volume of water = (volume of a tank — total volume of the frustum) :

Total volume of water = (0.0240 - 10215 x10? ) m’

=2.2989 x10”m’ , '
3.1.7 Heat Loss ' f
S MCAT s (3.5) |
WHETE AT = T2 = T cuv cen ver vos re cue sen svn wos sus sen sms one san vs san vre 2as 2os aee w..(3.6)
T, = 0°Cor 273K |
1 1, = 115°Cor388K - | | |
AT = 273 - 388
AT = -1550C Co e , |
= Skg x 2.302 X —155°C | .
o - 3
Heatloss = 1784.05kg ;
3.1.8 Rate of Cooling |
. ) heat loss
Rate of cooling = —
: time
| 1784.05K | | .
T 45 x 60 ,
= 1.3215185k]/sec N
~ 34
. v ( ‘
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3.1.9 Belt Selection , )

V — Belt (based on ﬁhe usual load of drive 0.75 — 5kw power). The V- belt is madej: of
fabric and cords moulded in rubber ahd n()'rmally covered with fabric and rubber. These beltsfare
moulded.to a trapezdidal shape and are'made endless. These aré particularly suitable for él;iort
drives. The included ahgle for V-belt is usually ftom 30° to 40°. The power is transmitted by the

wedging action between the belt and the V-grodve in the pulley or sheave. A cross-section ofF V-

groove belt is shown in figure 3.2
3.1.10 Determination of the Maximum Power of Belt

Calculation of the belt speed

\ 100 A
(N /
LN

* v

For V - bqlt A, the following are the data of the sections:-

Figure 3.2; cross section of V- groove belt

Usual load of drive = 0.75 — Skw




Recommended minimum pulley pitch diameter, dp = 0.09m,

Motor speed N1 = 1450m

Normal thickness, T = 8mm

Weight per metre = 0.100kg - ‘

Required shaft speed = 2000rpm ( khurmi and Gupta 1979) _

3.7

ebosscstorvacsniosesaanie

Belt speed, S = dpN1..c.o--.

2

3.142(0.09 x 1450)
= = = 6.833m/s | : ,

Required motor speed = 1450 rpm o

N . g
Speecl ratio; Vs = = 3000 0.725

3.1.11 Angular Velocity of Motvor—Cylinderu_Belvt /: |

i

_2xTXHE0 o1 863 s ; - ’

2 60

W, = ZXEX2000 = 209.467 radls =

3.1.12 Power on Motor-Cylinder Belt

Power = t(qir‘que x angular velocity

esessncssscssscavencse

Wesessesscesonase

besse

=Tw

L



Torque on motor-pulley to accelerate the cylinder = 11 = Wal2.ccovereeeroenneseess 3.9
r,= radius of mdotorfpulley

Hence,

Power =_fm Wy =Wo' I

Therefore, power delivered by the motor

Pm =(151.863) x ==
= 1383.742 waltts

For efficiency of 95%

=25 % 1383.742
100

—1314.555 watts

3.1.13 Cutting Blades on the Rotating Shaft

Ahuja and Shama, 1989 establish spike spacing for his manually operated shrehding

machine at 30 to S0mm. most existing shredders have one legged spike. In this’ design, one
legged spike of 10cm % 10cm spacing is used.
The cutting blade is made of mild steel with height H= 12.5cm sin 60 = 10.8253cm

Diameter = 4cm

Volume of each cutting blade = n’ (length)




=2 125
2 .
—gx 125

=100 cm’

Mass of each cutting blade = Volume x Density -

=100 x 7850

= 785000Kg

3.1.14 Motor-Cylinder Design Calculation _ .

Driven ’ Driven o

Motor pulley | D | . Cylinder pulley l

Figure 3.3: Motor-Cylinder Pulley Belt Arrangement
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i

| D,=diameter of the shaft driven pulley =7 '

" N; = Speed of electric motor = 1450rpm - : '

o
i - Nz = Speed of rotating shaft =2000rpm ' .
- From the equation;
G ;.1? 7 ! . ', " i

s ..(3.10)

---ou-o---iono-noac-u-a-n--o---u--‘ceco-cnn

teeassscseavsssrrsess

— T —
cessisssadsevsennsscnns

Dy Ny =D Npeeeenvreuienees ETUUTUTTUTTURON ¢ N § I

i

evesannsvsbare

' ' ' e 312y

c..n-.-.'.----oo---..-o--.-.-..o-----n...o;.-..-o--...

D
— JANy
Dy 5

cedevssessnsensessos

' 12 1450
I cam——————
2000 . - .

17400

ST i

. " 2000 , v

=8.7cm
| =9%0cm | | | |

| I the diameter of the shaft driven pulley is Scm

7 X 0,09 % 1450

| SpeedofShafi= ———— | , ‘

= 410.031m/s

3.1.15 Power Required Driving the Shaft,

e (313)

....-...-.o.---..-...--.--.-.-

P S EEE LR

PS=W121'1

39 v 3




Where,

1, —radius of shaft of pulley :

P, = (209.467)" % % |
— 197443.908 watts | .

3.1.16 Centre-Distanc

e of Motor—Shaft Puliey

The center-distance is obtained from the relation CD = max (2R, 3r+ R)...... 3.14)

i

Where, CD = Center distance

R — Radius of large pulley

R = Radius of small pulley

From the equation above, tWo center distances will be obtained, but the larger is chosen.

That is CD = max (ZX;'IZ, ———-——-3(0;9) + 9—51-2-)

CD = max (0120, 0.195)

CD = 195mm (which is equal to the larger center distance)

Note: the center-distance should not be greater than three times the sum of the sheave diameters

of jess than the diameter of the larger pulley.

3.1.17 Angle of Contact of Motor-Shaft Pulley

-1 (0-d)
2¢D

cesasssssessseseveres

P LA E R R AR

m +2sin (3.15)

QL= Angle of coﬂtéct of large pulley =

40 , , 3




_1 (120-90)

=g + 2sin 2(195) |
=11.965° ‘
@s= Angle of contact of small pulley =7 - Zsinfl (l;s) ‘
=1~ ZSiEl“l 5?12—25—)92 A : s o
= 75.681 ° |
3.1.18 Length of Mtitor-Shaft Pulley

| Lengthofbelt, L=3(D1+D2) +2CDY 92;4%‘_;2) (3.16)

uﬂ According to Khmmi and Gupta (2005) - ‘
=384 (120-+90) + 2 % 195 *%
L =438.28mm | ‘
The length correction factor ’KL = 0.8;1 (from ktablves) |
L =438.28 x 0.84 | | |
L = 368.158mm |

gz | l . ’

41




3.1.19 Determination of Weight of Pulley

Wi

W2

N4
\\"W/"
\ /

v R

Figure 3.4: Cross-Section of V-groove Belt

v

Width of the belt; wi = 13mm

Nominal depth of the belt; t= gmm

Sleeve groove angle =40 0

Density of the leather belt=p = 970Kg/m3
(Shaun series)

From the above,

180--40
B = _——i—_ =70 0

Actual depth of the belt, T= % x 13 x tan 70

T =17.859mm

42




T e

T 17854

wr = 5.83mm

The cross-sectional area of the belt can be calculated as;

wi + W2
adt SIRAACE (g
2

A::

1345.83
=18

=90415%x 8

it

75.32mm’

7332 x 10°m

ik

M=P x A =970 x 75.32 X 108 =73060.4 X 10

. M = 0.730604Kg/m

3.1.20 Ii)eterminatioﬁw_of Length of Belts

‘Motor pulley

Shaft pulley

Figure 3.5: Motor- Shaft Belt




D, = diameter of the shaft puiley o |

= 12cm

D, = diameter of the motor pulley

= 8cm

Center to center distances, C = minimum

100mm = 0.1m

Nominal Pitch Length,
@GN -

aesssevenews

: p1 + D2)?
L=2C+ E!'(D1+D2)+ g—-——{—c—“)"‘

P R R

PPPTEE TR R KRS

o o n : “ {1204906)2,
L 2% 100 X 7 (120"_'" 909) + | Taxto00 |

21007 90000
200 >+ a0 - ‘

=200+ 3299.1 + 225

= 3724.1mm (max)

3.1.21 Design Theory . ' :

If the cutting shaft is subjected t0 twisting moment only,

(318

R X L A -.-..---»-...-----o-----oooo-...-.--........-

A L XA A A A

<1
|
i

asssussoenen?

4 A : ,
nD_—d ' e 3.19)

essmeenvare

T s b N
eavesimwaveney

T 64

A4



raroavouns

esnnesreissenavoese

r _tD

TS e T e eepseressaesir .2 |
T 7 2] (3 0) '

svssasenssmenmssevor

esasssiesescesnses

= 16DT
——————H(D4_d4)....... |

(3.22)

PP EE T E R RN L R s

eessensessesereness

i

<la

wesassesssseance

M
]

.Where, _

M = bending moment '
¢ = bending
J = moment of inertia ‘
y = distance from neutral axis to shaft diameter = -g— .

L ' 323)

sessssssnseseesssnsnrese S

_ mo(D*—d%) Co L
32D sesssasiors evssssanassesescos

M

o= | 32M ‘ ,
b n(D*~ d*%) :

.(3.24)

asessnsnssssreraee

. ; 1
Maximum shear stress = Smax = >

. _1 _pf[_32MD [ _16DT_ )2 . |
St V{222 ]} + 4 [ream) e 325)

cesevsssrasesncsnnse

srienvevsiesspnsasLsaT el

" 16D VM2 + 4T?
=—_;r_(_bmzi-— (3.26)

For cuttin’g blade, . ‘

N|R

45 ' ' |




Where,
M = bending moment
7, = section modulus

Maximum stress

(Oluboji, 2004) o .

3.1.22 Determination of Weight on Cutting Blade

nd? 3142 (0.04) o ‘ -
Area of each rod=T=————i—-—)— (327)

=1.2568 X 10°m*

Length of the blade = 12.5cm = 0.125m

Volume of the blade = 1.2568 X 10*m’
Weight of blade = (W)= pvg
— 7850 X 1.2568 x 10 x 9.81

=9.678N

For 18 cutting blade
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W =18 X 9.678 |
=174212N

Weight of cylinder

(3.28)

essisavensseovyees

sessar

. mp?-d?)

ALEA= " ceeusrarasrarannaresenaest

4

D = 49.5cm =0.495m

d=44.5cm = 0.445m

3.142(0495%-0.445%)
Area=A= ( . ) )

= Q.0369185
A=3.692 X i0'2m3
V = 49c¢m ='0.49m
v =Al=3:692 x 10? x 043

v =158756 x10°m> |
Weight (W) = pvg | 3
_ 122256N |
Weight of Low Density Polyethylene (LDPE)
For a feed rate of 5Kg/hr A |

Amount broken per second ,
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~_5 _=1388Kg
3600 _ .

Breaking Force F =3.9943wgRN
wg = weight of grain (Kg)

R = panicle radius (m)

N = Breaking speed (rpm)

(Khurmi and Gupta, 2008)

F=3.9943 x 1.388 X 1.8 X 1072 x 1450

= 144.70Kg

“Total cutter weight = 174212 + 1222.56 + 1447.0

F =2843.772N |

i

3.1.23 Determination of Stress on Cutting Blade

ST %) 3

ceseensesssvesrerrerecal

--.-...----.......-.--u.-- .

Torque (T) =Fr ....

Where,

r = distance to the neutral axis = 0.018

T =2843.772 X 0.018 -

=51.1879Nm ‘

48 ; |




Figure 3.6: Beam diagram of shaft o ‘

Rp=Rp=2277 = 1421.886

2843772 _
W=—05" 5803.616N/m

sssevevsesssssenPreed

Figure 3.7 shear force diagram of the shaft

-1421.886Nm o

Shear force diagram of cutting shaft ‘
(3.29j£)

esesesassesserey

wl
S.F=—2——wx................
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Maximum shear force at B

wl _ 5803.616 X049 _ 1471 886Nm

) 2
Maximum shear force at A

wl _ =5.803.616 X049 . 1491 886Nm

et o T

2 2

[

3.1.24 Bending Moment of Shaft

174.181Nm

l
Figﬁre 3.8 bending mo

_wi? _ 5803.616 X0.49°

=
cniese

8 8 ‘
M= 174.181Nm

Maximum shear on shaft

_ , : 174.i8124; 4(0.989)2
§=16% 0495 |riog oasst)

S = 3590.06Nm

3.1.24 Power Demand at Shaft

P=1w .....

DR

-...-...o.o.....---....

eevssaseencanrseisony

wessessssoneansesarnes

ment diagram of the cutting shaft:

50

cesessssssespvenens

vesavessesseveenees

esvssssceaner
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2nN

W= 75

60 -

| 2 x3.142 X 1450
= 60

151.86 | |

e
i

p=51.1879 x 151.86 ”

i

p =7773.565W »

For the cutting blade f
W = 1447N
~9.678 :
w=""%o1 L |

W = 96.78N/m | , ~

96.78N/m

Figure 3.9 Shear force diagram of the shaft

-....----o.-.-o-.v-----.-.o.-.-...-.......-....

asseassbescrescsaes

SF.=-W-wWx....
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. 1447 —96.78 X 0.045

— _145136N

-1451.36N

65.1247Nm ,

Figure 3.10 bending moment diagram of the shaft

-.----.-.--....-.o.-...-.....-.....-....

" owx

M = 1447 % 0.045 + 227.5}_29%?-2-

52

(3.32)
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M = 65.124TNm

md3

T e

32

3,142 % 0.0453
e RIS e
32

- 8.9473 X 10°

Shear stress

-...----.----.-.-.-‘.-..--

i
P R E R L

weenssisecssnenvasissnes

-a--.----.---o---i

w2
il
»1m

145136
1.2568 % 1073

— 1154805.856N/m’

" Maximum stress

__esaor !
\ 89473 X 107 + (1154‘805.856)2

i
N =

SMax

- =13335x 10" N

(3.33)




32  Description of Machine and Mode of Operation ;

The project (low density polyethylene recycling machine) is comprised of some major pfarts

and chambers.

1. The heating chamber . :

| Hopper

The heating element

Insulator ( rock wool ) _

Stopper trgy
2. The cooling chamber
»  The mould
= The water tank |
» The stopper tray |
3. The size reduction_chambe’r
» The shaft
= The blade

» The electric motor

s The v-belt
» The concave

= The collector , :
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321 Description of the LDPE Recycling Machine Components
322 Heating chamber

The components found in the heating chamber are as follows; ‘ i

i. Hopper: This is where the LDPE is housed as melting takes place. It is made up of

5 5mm thick mild steel to withstand the heat that is being generated.

ii. Electric Héating Element: This is found inside the hopper, it serves as sojurce of

heat for th(e‘heating chamber. Each of the heating element is 1000W

iii.  Insulator: This is found behind the hopper (heating chamber) where the heatipg takes

place. It prevents heat loss from the heating chamber It is made of Rock wool. ‘

iv. Screen: This is found at the lower part of the hopper, it allows the liquid or low

density polyethylene melt to pass through to the cooling chamber. It doesjn;t allow

unmelted LDPE to pass through.

3.2.3 Cooling Chamber

Pipes: These are inserted in a mold found in the water tank, they are frustulin in shape

e
.

with the smaller end on top and the larger end below. For easy dissipation of heat to
the surrounding and increase in the surface area the pipes are nine in m’jlmber, it is

also made of mild steel. .

ii. Mold: This is what encloses the pipes and hold them together .The pujrpose of its
perforation is to allow water flow in and out of the mold and not to allow|warm watet

to be retained around the pipes.
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This is found below the hopper after the screen beneath the hoppe}r. 1t

encloses the mold. It alldWs watér thatw1ll be used for the cooling to

iil. Water Tank:
flow in from the

outer tank and out of the cooling chamber.
is found outside the machine. Tt supplies water to the water

iv. Outer Water Tank: This

* ¢ank in the cooling chamber of the machine. ‘

32.4 Size Reductiqn’ Chamber

‘The cutfing chambé: is made up of the following components;

i. Electric motor: This is used to supplykpower which drives the shaft.

3 ¥
i=

ii. Shaft: This cuts across through the central axis of the shredding chamber. lg rotates

with the power of the motor and carries the blade that shreds the already cooled

LDPE.

Cutting Blade: This is located at intervals on the shaft. It shreds the LDPE.

end of the size reduction chamber. It a'llovf/s the

i Screen: This is found at the lower

articular size to pass through and be collected.

LDPE that has been reducedtoap

325 Mode of Opei‘ation of the Machine

“The hopper forms the opeﬁir{g thmggh'\ivhich the polymef materials ate fed. The

heating elements and the wall of the hopper complement each other such that when

the heating element is connected to pOWer source, heat is radiated to the hopper to a

temperature of about 115°C which melt the polymer material to a liquid form.
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For a complete meltmg of materlals and to enhanced efficiency, the heating unit is
design with a stopper tray to assrst in proper meltmg of materrals to a liquid state{.’ The
tray is remove and the melted materlal flow through the hopper to the cc olmg

chamber to the mould. Water is passed directly around the mould to help the cooling

of the material by convection ‘to solidify. This process makes the material t0 solidify
inside the mould ahd form lumps with the help of the water around the mou‘ld and
make it ready for proper grinding.

One o§ the grooves in the shredding pulley receives directly from prime mover
(Electric 1\!/Iotor)r from which transmission is made to the shaft and a rotating motlon is
impacted on the shredding blade thron'gh v-belt. This machine is simple to operate

while maintenance and adjustment. requ’i"re' little specialist attention.

32.6 Maintenance of (LDPE) Recycling Machine

The maintenance of the machine is very ©asy and this is achieved through the 1?:'011{0wing

provision.

& Bolting of the bearing housing on the ‘main frame, 'this‘give room for changing damaged

bearing.

32.7 The Recommended Maintenance Schedules for the Machine 15

e Check all the bolts and nuts and tighten loose ones
e (Checkall bearing for damage
o Check all heating element for damage

e Lubricate the machine with silicon oil to prevent polymer material from sticking to the

machine before every recycling
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e Stop the machine and check if the bolted components are intact. If not, tighten the lojosc

bolts and nut and maké’othér’ nééeséary adjustment and/or replacement. i

o Open the shredding é}{amﬁér and clean all the trapped materials. |
e Clean other parts of the machiﬁe. c ,
o Lubricate all the bolts and bearings.
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CHAPTER FOUR"

40 RESULTS AND DI_SCUSSIQN‘ ”

4.1 Presentation of Results

Table 4.1 shows the stages and conditions of materials during the recycling process.

—
Time (mint) Stages Form
-—_—'__—‘—"__- . » - L‘—’—‘-_

0— 30min Melting Semi solid

30 — 55min Melting Liquid

55 — 1h 38min Cooling Solid (lumps)

1h 38min — 1hr 43min Cutting B , Solid (pellet) .
The total time taking for the recycling process was 1hour 43minutes.

»

42  Melting efﬁcielicy 3" i

Efficienc =T
Ta ’
Were, Tr = theoretical time required for melting (Janssen. 2009)

T, = actual time used in melting

Since T,= 45minute )

T, = 55minute

Therefore %—Sg x 100
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'=31.8181

=81%

43  Cooling efficiency

Janssen (2009) Cooling takes 50% period of melting

C.= cooling rate

Ca= actual time used in cooling

Therefore:

£ % 100

ca
L

=225 100
43

=52.32538

=52%

4.4 Recovefy efficiency

Since the material feed into the hopper is Skg

The output after grinding is 3.21kg

Bfficiency = Cimgg) * 100

Efficiency = (%‘f) x 100

=12%
60 ‘




45  Discussion of Results
rocess takes place. At initial melt’mj‘g, a

d sortmg of the matenals, melting p

After cleaning an
as, not

1ortger melting period was observed due to the fact that heat from the heatmg e\ement h
ci_rculated {0 the area of the hopper. The melting tirhe was 55minute pefore it turns 0 total hqutd
en (2009)

Though the time required is 45minute for the first process. Janss
Also the {ime required f for cooling by (JansSen 2009) “the optimum time of agglomeraf;tion is
approximately 50% of ' the melting process” but due to the cooling chamber design, in tho early
stages of cooling when water was supply, the coolmg rate was faster but due to the fact 1;,hat the
water was flowing, there was a change in temperature of the water which increases the cooling
period and reduce cooling rate. Therefore it took about 43minute t0 solidify. _ :
ial was cooled, it then drop to the cutting chamber were the size was ri’educe to

After the materi
powered by 2hpower motto.

pellet form by the 12.5cm blade,

4.6 Cost Analysis

arried out and was Jocally sourced for the conditions off

The cost analysis
3. It is not

for this project is ©
various machine parts are subjected to ‘give rise 10 the important of material selecum
d withstand service conditions. ln]the design

hat the matenal shoul

enough to use 2 material but t
st of material, serv1ceab1hty of parts and most espemally Javallabtlity

of this project, strength, co
ered through as at ials were

in market prices.

compiling thls write up, not all maten

of material were consid
‘a‘nd material

These considerations

available for costing due to variation
specification led to the selection of mild steel, which was  the most availablef; and easily
Finally, the painting of the machine was essential in order to reduce rustirjlg.

machined.
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The cost of producing this LDPE recycling machine is categories into

1. Material Cost
2. Labour Cost

3, Over head Cos

461 Material Cost o

The table 4.2 below shows the various materials purchase

on their present market value

e

s/No. Materials

b

[ Gauge'l6 4

1 Mild stee
sheet
2 Heating 2000watt . 2 1000
element | |
3 . Solid shaft 3.5cm 1 B 4000
4 Electrode gmm metal 3 packet 900
5 Paint Enamel grey 4 liter 2500
green ‘
6 . Angle iron 1/, inch. 2 length 1500
Sheet Gauge 14 3 ‘ 5100

d and used for the project worl

< based

15,300




/ - .
T Angleiron 2 inch

Stainless steel Smm metal 2 1300 2600
electrode L ' |
Wires 2.5mm 4§ards < 400 1600 |
Plug 13 amps 3. 100 . 300
| Rock wool - 1 carton 18000 180(')0
13 Angleiron 1 inch 2 | 1300 2600
14 fron rod 10mm 2 | 1000 2000 f‘ "
15 ; Quarter rod © 2.5mm 5 800 4000
16 Connector . 2 C 200 400 |
17 Stainless steel Gauge 14. Quarter 21,300 21.300
thick
18 Pulley 12mm 2 500 . 1000 ,
19 Bt - 1 | 800 800
.20 Electric Motor  2hp 1 23000 ‘ 23000
21 ~ Ball bearing 3.65B 2 400 800
1 2000 2000

22 Silicon oil -




/
23

-

Miscellaneous

24

/__‘______,/—’

The table 4.2 shows the cost of materials for the development of the low density polyeth}ylene
recycling machine, it is necessary to mention here that the prices were valid as at the time of
on, and it is subjected to change depending on the market trend and periodic

costing and fabricati

inflation ra

4.62 Labour Cost :
Labour cost involves the cost of cutting, machining, welding and painting. It takes about 23.42%

of the material cost.

Therefores,

Labour cost = 23%- + 172,000 |
100

=40282.4

=N= 40,282

4.6.3 Over Head Cost
n and'other miscellaneous. It takes about 10% of the

This involves the cost of transportatio

material cost.
4

Over head Cost = —1—1940%?- % 172,000
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=17784.8

=N= 17784

Total cost = Material Cost + Labour Cost + Overhead Cost ,

=172,000 + 40,242 + 17,784

N=230,026 | | |

7 Economic analysis’bf the LDPE recycling machine

In analyzing any investment economically, the true worth of the investment is

4

regarded as how

much income it will generate and how soon after the original capital outlay (chukwu, 1986).
Therefore, it is desirable that any investment generates large share of total income in the early

years of its life.
For the LDPE recycling machine, the income is viewed as producing a new product and reducing

_environmental pollution.

Wwithin the limit of time and the completion time of this project work, a full econornic analysis
but it is assumed it is more economical as it saves and reduces environmental

could not be made

pollution.

=
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CHAPTER FIVE

50 'C'ONCLUSIONS AND RECOMMENDATIONS

3

Conclusions
ave the ability 0

5.1
yc\mg mac‘nm i

devclopmcnt and valuatwn of ﬁc rs;-e
\mg and size reduction

The desigh;
g 1 to coo

(LDPE) Erom me\tm

fécyde a low density po\yet,hy\ene,‘ mater'\al
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High reeove;y efficiency Was achieved by 2
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The followmg c from the recycling experiment 1€
machine. It has a de51gned shaft spee the minimum power required for operating the
(ficiency 32% and the recovery

recycling mac‘nine is 2KW, me\t'mg eﬂ'lcle

(LDPE) such as time 10 melt, coohng {ime, shafl specdi and size
e of the recyclmg machme !

efficiency is 72%

The condition of material
ine parameter that affects the perfonnanc

of sieve are machine-




5.2 Recommtendatiohs

For further work and research into this prdject, the f(’)llowing'are tecommended

’

Based on the overall performance ingliccsof low density polyethylene recycling machiric

intensity of size reduction, power requirement, cooling rate, melting rate, and overall efficiency,

the machine is recommended for small and medium scale business in Nigeria.

A design of extéi‘nai tank with a pump flowing ﬂ‘u*ough the cooling chamber will increase

the rate of cooling and increase the efficiency.

¥

Increase in number of blade will increase the chances of cutting more materials.

'

The use of stainless steel is highly réquifegl for all internal component of the machine t6

increase the efficiency.

It could be recommended that for a faster rate of melting the number of heatin g clements

could be increased and for efficient heating there should be proper supply of power. -

i - E g ,
{ ;
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