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ABSTRACT

nhe machine was destgned and developed , hv imDroper disposal of
,. mKess is aimed a. reducing environmental problems caused by tmproper P

h „Nigeria The low density polyethylene recycling machine is asunpie^ ^ ^ .cycleusedwater^byfollo.ngaseriesofagg.omemtion
machine that can convemently recyc ^^ ^ ^ ^^esswhichco.istsofhe.ingatatemperatureof ,C y ^^^(and
aliq„id form, cooling of mel.dma.ria. by co„ven,o„w,.h*

„ • In-* The machine can carry out tne w»» va fnn of the cooled material to form apellet. The macmn" fheating rapid cooling and cutthtg into pe.le.form in about .bourns,
plastici.ngproccssofheat.ng, p .^o{3,kg andapower requireme„,of
——-;; ^^.erecyclingmachinehasamelting2kW. A. amachine cutting speed (shaft speed) o urp

' of 8,% cooling efficiency of 52% and tecovery efficency of 72,.
/ I effeclly recycled used water sachet, For effective performance, thedesigned and «ed effccfvely , . ^ ^̂ ^ ^

powerrequiremen.formemachineshouldbeabovel.S
for acontinuous flow ofwater.
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CHAPTER ONE

' 1.0 INTRODUCTION
•

1.1 Background to the study

Plastics have become common materials of our daily living, and many of their properties,

such as durability, versatility and light weight, can be asignificant factor in achieving sustainable
development. However, use of plastics contributes to the growing amount of solid waste
generated, since most plastic products are often used only once before disposal. The disposal
problem is not simply technical, but it also has social, economic and even political aspects. This
is the reason why different methods have been explored and applied for solving the problems

! associated with polymer waste handling and disposal (Strong, 2000).

Even though external recycling is not the most profitable technique for the treatment of

plastic waste, it will have asignificant role in the future. In spite of the application of clean |
technology and waste elimination, it is not expected that the amounts of plastic waste will

} decline, thus, new recycling method will have to be developed. From the perspective of catalysis,
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 th^
249 people are born and 108 people die every minute, meaning that the world's population grew
by 141 each minute of 2006. The total is expected to reach 7billion in 2012. (Microsoft Encarta,
2009). Based on this fact, the demand for an environmental control of the entire world is
increasing day by day as it is needed to raise and satisfy the standard of living. Nations with high
environmental control always have abetter standard of living with good health. In search of

-^iPWHiaawjtpwwMW*^^



j developed in s,a8es i.e. from nte,ting of the materia, (LDPE) , form a,iqUid then to coding
were water is use as acoolant. Then a1Ump is Med inside me moid. The last stage is si.

] reduction were series of Hades are welded to ashaft been powered hy an electric motor.
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11 Statement oftheProblem

The most critical environmental problems today are those that confront certain countries of

t0 as developing countries, and Nigeria Mis under this category. Agrown* population and
increasing industrialization establish urgent needs to creatively solve the proWems of
environmental pollution in Nigeria.

The problem usually associated with environmental control particularly in the third world
countries may be attributed to the following:-

* • io ™a an effective control of environmental1. Improper usage of all packaging materials and an effective
discharges are not properly managed.

2. The cost of mechanical recycling machines i.e. the fabrication and maintenance cost have
been amajor issue for the individual group.

I 13 Objective of the stndy
The objective of this study is *design, develop and ca*y out performance evasion ofa

low density polyethylene recycling machine.

i



I improving the standard of living, the world environmental control is seriously increasing at a
critical rate when compared to the world population and industry.

Recently, much attention has been directed to the packaging of industrial materials e.g.
water sachet, sacks and wraps by avariety of interest groups including: environmentalists,
government officials, commercial and retail business men and legislators on the Environmental
problems of low density polyethylene (LDPE). Various surveys carried out showed that the
percentage ofenvironmental pollution caused by packaging materials wraps and sacks which has
been assumed by United State Environmental Protection Agency (USEPA) to be 8.6 percent of

the total pollutants in the environment (Phillips, 2000).

Nearly two-thirds ofthe LDPE found in municipal solid waste originate from packaging.
Another sizable fraction 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 arecycling rate of 5.7 percent. The overall recycling rate for
LDPE in municipal solid 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 of13.4 percent (Yla-Mella, 2002).

Nigeria has been facing environmental crises over the past ten to fifteen years despite the
fact that she is adeveloping 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 products.

This research work is aimed to develop arecycling machine of low density polyethylene,

which will help to reduce amount of waste materials in the environment. The machines is
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\

1.4 Justificationof the Study

Waste materials recycling capability ofNigeria has not been fully exploited due principally
to lack of appropriate indigenous processing technology as obtained in other developing Asian
countries. Nigeria as adeveloping country with agrowing population and industriaUzation must
ensure amaximum utilization of waste packaging materials of low density polyethylene. To
archive this, there is aneed to develop an efficient and affordable low density polyethylene
recycling technology which can be adopted by people. I. is envisaged that manufacturers and
research institutions can adopt the developed low density recycling machine for LDPE materials,
thus helping to clean up the environment.

\ 1.5 Scope of the Study
The scope of this study is limited to the design, develop and evaluate the performance of a

low density polyethylene (LDPE) recycling machine.s
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CHAPTER TWO

' 2.0 LITERATURE REVIEW

2.1 Definition ofPlastics

Plastics are materials made up of large organic (carbon-containing) molecules mat can be
formed into avariety of products. The molecules that compose plastics are long carbon-chains
that give plastic many oftheir useful properties. In general, materials mat are made up of long,
chain-like modules are called polymers. The word plastic is derived from the words platicus
(Latin for "capable of moulding") and p^kos (Creek "to mould," or ft for moulding")
(Microsoft Encarta, 2009).

The modem plastics industry can trace its origin back to acentury and ahalf when, in
,862, Alexander Parkes unveiled Parkeshte, the first man-made plastic. In 1891, Rayon was
introduced, followed by cellophane in .900 and Bakelite in 1907. There are in excess of twenty
different polymer types in common usage today. These include polyvinyl chloride (PVC),
polyethylene (PE), polyamide (PA), polystyrene (PS) and polypropylene (PP), which had been
developed by the 1960s.

The term 'Plastics' refers to arange of different polymeric materials. These can be
broken down into two distinct groups: thermoplastics and thermoset, Thermoplastics soften and
melt on heating and may be mechanically recycled into new products when Unoriginal product
Hfe is finished. Thermoplastics represent some 95% of plastics in use. Thermoses do not soften
or melt on heating once moulded and, therefore, cannot be mechanically recycled in the same

'.=sr-. -5-CTK-—T=T ~r*"



way as thermoplastics. They may be ground *apowder and used as filler. Alternatively, they
may be feedstock recycled or used in energy recovery processes.

Over the years, many recycling machines have been adopted to recycle low density
polyethylene materials. Although the performance of these recycling machines has not been
satisfactory, there has been an improvement. The low efficiency of these machines is as aresult
of not considering certain parameters such as the feeding and melting rate and separation and
shredding techniques.

Plastics use his grown significantly in the last 50 years. Globally, consumption has risen
from 5million tonnes to some 100 million tonnes. This growth is attributed to the beneficial
properties of plastics. They are relatively strong, lightweight and cost-effective. They can be
precisely engineered to perform many different functions as evidenced by range of sectors and
applications where plastics are used which can be amajor contributor to the economy. The UK
used approximately 4.5 million tonne, of plastics productions during 2000 and 4.68 million
tonnes during 2001. It is estimated that the plastics sector accounted for approximately 7.5
percent ofthe UK demand for chemicals in 1988 (BiffawardEnviros, 2002).

«

f

r

2.2 General Properties ofPlastics [

Plastics possess awide variety of useful properties and are relatively inexpensive to [
produce. They are lighter than many materials of comparable strength and unlike metals and \
wood, plastics do not rust or rot. Most plastics can be produced in any colour They can als, be |
manufactured as clear as glass, translucent (transmitting small amounts of light), or opaque j

(impenetrable to light). [
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^ compared to density of- which 7.85 gW. plastics can also be reinforced with glass

can have atensile strength (resistance ofamateria, ,0. being elongated or pulled apart, of up to
165 MPa (Enearta Premium, 2009, Tire advantages>f plastics are lightness and robustness,

a tw are freelv colourable (Microsoft Enearta,resistant to rust and corrosion, transparency and theyare freely
i

2009). I

Plastics however, have some disadvantages. When burned, some plastics produce |

high as 28,C, in gene,, plastics a, not used when high heat resistance is needed. Because of

disposal of plastics createsasolid waste problem. (Enearta Premium, 2009).

Po.vtnerscanbesepa.tedlntotwo^
heated. Poiymers with linear molecules are likely to be thermoplastic. These are substances that
^n upon heating - can be remoulded and recycled. They can be semi-crystalline or

not soften under heat and pressure and camtot be remoulded or recycled^ Premmm,

I

2009).

2.3 Thermoplastics and Thermosetting Plastics

A11 p,as.ics, whether made by addition or condensation polymerization, can be divided
into two

ro„ps.. thermoplastics and thermosetting plastics. These terms refer to the different
ways these types of plastics respond to heat. Thermoplastics can be repeated, softened by
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after being heated once.

^ reason for the difference in response «o heat between thermoplastics and

,„stead, thermoplastics chahts are held togedter by weak van der Watd fore (weak attractions
hetween the molecufcs) that cause the ICg tnolecularchains to Cdmp togetiter ,ike piles of
entangled spaghetti. Thermoplastics can be hea*d and *M and consent soften, an
hM repeal,, like cdle w^ Epr*^ Aplastics can be remoulded and
reused almost indefinitely-

rnermoseftingp.asticsconsistofchainmoleculesdtatchemic.lybondorcro^
^ other when heated. When thermosetting plastics crdss-link, the molecules create a
permanent, tfcee-dimensional network that can be considered one giant molecule. Once c*ed,

n, different modular sm-ctures of dtermopiastics and thermosetting plastics allow
maralfacturers ,„ customize the properties of commercial plastics for specific application,

!
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1

. single molecular network, molecular weight does.not significantly influence the properties of
• these plastics. Instead, tnany properties of thermosetting plastics are determined by addmg

different types and amounts of fillers andfreemen,.uch as glass fibres (Enearta Premium
2009).

2.4 Amorphous and Crystalline Materials

Amorphous materials are those in which ntolecular chain structure is random and
hecomesmobileoverawidetemperaturerangcltmeansthesematerialsdo not literally me,, but
ramer soften and the] begin to soften as soon as hea, is applied ,„ them. They get softer and as
heat is absorbed until they degrade as areSa,t of absorbing excessive heat. Examples of
amorphous materials are, acrylic, polyaryluate and polystyrene.

mcrystalline materials, the molecular ch.in.struc.ure is well ordered and become mobile
only after the materia, is heated to its melting point. That means such materials do not go through
asoftening stage bu, stay rigid until they are heated to the specific point at which they
mediately me,,, rhey will degrade if excessive heat is absorbed. Examples of crystalline
materials are acetal, nylon, polyester, polyene and PVC (Enearta Premium 2009).

\
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2.5 Formsof Recycling r

Asaresultofn^yyearcofu^^ . j
diffeten, method, These metftods may » grouped into three main categories as explained |
below.
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1

i Mechanical Recycling

cycling process — anumber of operational steps: Ration of plastics by resin type,

size, infusion by heat - reProcesstag in,o new plastic good, «,*. of— . mamly
restrtcted to thermoses because thermosetting cannot be remoulded by the effect of heat
(Aguado and Serrano, 1999).

• .. nf nlastics is limited by the compatibility between the different
Mechanical recycling of plastics is nmuc y

a ;n * matrix of a second polymer maytypes of polymer. Presence of apolymer d,spersed ,n amatrtx

Ration Agood example of .is is the impact of polyvinyl chloride (PVC, du „g

igly reduces the commercial value of the lather (Aguado and Serrano, ,999, Another
prob,em with mechanical recycling is the presence in plastics waste of products madCoftite

recycling plastic (Aguado and Serrano, 1999).

*addition, most polymers suffer certain degradation during their use to effects of
j 0 TWefore recvcled polymer exhibits lowertemperatitre, ultraviolet radiation oxygen and ozone. Therefore, recy PF

i anA *«» useful Onlv for undemandm|g andproperties and performance titan the virgin polymers, and are useful only
lesser value application, Recycling of plastics without prior separation by resin produces a

:

10
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Feedstock Recycling

,. of plastics also called chemical or tertiary recycling is based on ,he
Feedstock recycling of plastics, also

•• foolvmers by means of heat, chemical, or catalytic agent to yield avarietydecomposition of polymers by m ^ ^
• r™, the chemical monomers to a mixture 01products ranging from the chem,

. • „asource of chemicals or fuels (Aguado and Serrano, 1999).
applications as a source ^
recycling processes- be classified into three main areas (Janssen an
recycling p recycling to f
ruling ,0 fuels (gasoline, lio.uef.ed petroleum gas (LPG)
monomers; and recycling* industrial chemical,

'j ™„ Inrvten ,999). Until now, only a smaumentioned above (Yia-Mella, 2002; Janssen and van Santen, 1999,

" is still growing due todte emerging need of polymer waste recyclmgin the
efficient processes, still grt-wmg ^ _„,, than Dy technica,
future A, die present, feedstock recycling is more hunted by p

,. fthilitv ofalternative feedstock recycling methodsKasoBS. The factors which determine tite profilabihty ofaltemat
• , • ra„ wastes the value of the products obtamed, and theare degree of separation required nt raw wastes, the

• „ facilities (Aeuado and Serrano, 1999).capital investments in the processing fac.ht.es (Agua

gasification, thermal treatment hydrogenation, catalytic cracking an. —
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synthesis gas, hydration oils, catalytic oil and monomers. 1, is interesting to note that the
r^ired pre-treatinent and product value follow almost reverse orders (Aguado and Serrano,
1999).

Energy Recovery

Waste incineration, or controlled burning, is typically considered as adisposal method,
hecause it is usuaUy applied as amethod of reducing the volume of miscellaneous municipal
waste. However, incineration of plastic can also be seen as recovery method, as plastics could
replace the application of other oil-based fuel, It.can be viewed that the plastics application ,s

2 the first purpose of oil, and energy production is the secondary tasle Indeed incineration with
energy reclamation is considered as arecovery metitod and, due to their high energy content,
plastics waste is avaluable fuel. The hea, capacity of plastics and some other materials are
shown in Table f

I

.1; Heat Capacities ofPlastics and Some Other Materials
Table 2

PE

PET

PS

;. i^aTcapadWp/Kg) Material HeatCapacity (MJ/Kg

27

46

41

Heavy Fuel Oil 41

Coal 26

Natural Gas 36

Milled Peat 10

12



• ABS

UrnlMJTirT^C)

Source: Yia-Mella (2002)

2.6 Waste Management Hierarchy

This is a framework that ranks waste mahag<;ement in the order of sustainability and in

;discussed below (Brown, 2006).accordance with the environmental impact. The terms are as,

Reduce-m*ans^^

thus reducing costs and environmental impacts.

Re-use- some materials and productions can be used again

purposes (e.g. milk bottle).

for either the same or different

i

secondary or raw materials (e.g.Recycle- materials can be used in production processes or as
aluminum cans). Also composition ofgreen waste does what??

possible through energy recovery.

1 Disposal- If none ofdie pilous options offers an appropriate solution, only then should Waste
i .

be disposed of(e.g. landfill).

13
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2.7 Plastics and their Environment

.eoneoftiiepositivecharacteristicsofplastic ,s me fact that it is durable. Unfortunately, *
w.^*-^^«^«rt—Ttafc-*,,',,,,,,B,,^
means it decades slowly. ,n addition, burning plastics can sometimes - in toxic fume,

• N «„ Hp rnstlv to the environment as well-, it
A -j ~r r,iactir creatine it can be cosny w u^ "iAside from trying to get rid of plastic, creating

^es large amounts of chemical po.lu.nts to create plastic, as we,, as significant amounts of
fossil fuel, On the other hand, some argue that plastics help the environment in several way,After al,,p^hasbeenu^ttmakecars,ighte,AsaK*.ess oil isused to mobilise
ear and less CO, is emitted. In addition, plasti* container,-provide safe ways for disposing of
toxic wastes products.

The world annual consumption of p,as,ic materials has increased from around ** mdbon
t0»„es in the 1950s to nearly ,00 million tonnes today. In the UK, atotal of approximately «,

Serrano, 1999).

2.8 Uses ofPlastics

P,astics a. indispensable ,0 our modem way of life. Many people sleep on pillows and

14
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a„ include important plastic components. The average car contains almost ,36kg of plastics
nearly Upercent of the vehide, overall weight. Telephones, textiles, compact disc, paints,

volume of die plastics produced in die United States surpassed the volume of domestic* . ^
\ produced steel. (Aguado and Serrano, 1999)/ \
\ mastics are us*d extensively by many key industries, including the automobile, |
1

1

I

1 2.9 Types ofPlastics i

aerospace, construction, packaging and electrical industiie, The aerospace industry uses plastics

.pecialized field and bio-compatible Join.. Packaging represents die largest single sector of
plastics use in the UK. Tne sector accounts for 35% ofUK plastics consumption and p.as.,0, are
the materia, ofchoice in nearly half ofall packaged goods (Aguado and Serrano, ,999).

J me. are about 50 differ, groups of plastics, with hundreds of different varieties. All
tvpes of plastics are recyclable. To make sorting and thus recycling easier, the American Society
0f mastics industry developed as^dard marking code to help consumers identify and sort the

P„,y«thy.«»e terephthatate (PET) -Fizzy drink bottles and oven-ready meal trays.

High density po.yethy.ene (HDPE) -Bottles for milk and washing-up liquid,
ro.yv.ny, cMoride (PVC, -Food nays, Cing firms, bottles for squash, mineral water and
shampoo.

Low density polyethylene (LDPE) - Carrier bags and bin liners.

I

I
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,aaWH

Polypropylene (PP)-Margarine tubs, microwaveable meal trays.

e u tmw hamburger boxes, egg cartons,
P„,vs.yre.e (PS) -Yoghurt P*, •— —««* ™^

O^Anyomerp.astic.thatdonotf.into^ofmea.ve^gories-Anexampleis
melamine, which is ofteh used in plastic plates and cup,

2.10 RecyeBngEOect of Contamination
. „noflt pvervwhere, resulting; infa polymers used for recycling, continh.nat.on .s present everyw

, , . ,, can be to form of dirt, printing inks, metals, toil,reduction of the quality of recycling. I. can bey _ ^
•j- j ««ivmers- contamination by toreiguadditives, pesticides, partially ox,d,zed polymers,

• PET and HDPE bottles collected from roadside, In very sc pnoticed even ,n PET and yehides ^ f.m.itine which now come for recyclingproducs.electricalandelectiomesystem.veh.clesan ^ ^
tain very high concentration of additives in particular, fire retardamay contain very hig . , nal mixtures and multi-component productions do

banned. However, accidentia or unintentional mixtures an
pose problems (BiffawardEnviros, 2002).

16



2.U Common
Contaminants in Recycled Polymers

ers

fable 2.2; the common
contaminants in recycled polym

Recycled source

Beverage bottles

Milk/water bottles

Greenhouse films

UDPE

LDPE

LDPE

PP

HOPE

PET

Phenol

LDPE

PVC

Shopping bags

Battery cases

Detergent bottles

i

Photographic film

Circuit boards

Multilayer film

Beverages bottles

17

Contaminants

-pVCTlr^TPETT Al, water,

glue,

PP, milk residue, pigments,

Insecticides, soil, (.Ni,

oxidation product

Paper receipts, printing ink,

Pb, Cu, acid, grease, dirt

Paper, glue, surfactants,

bleach,

Silver haiides, gelatin,'

caustic residues

Cu, tetrabromobisphenol A

Ethylene vinyl alcohol,

polyamide, ionomer

PET, PE, paper, Al foil, PP



,\BS retardants

SBR extender

LDPE

T^ianSious^g8

Automobile tires

Mulch film

-^^Biffev^^^

«, ^C-P-———* dEnviros2002)are..tacategoriesofrec,ctingP^accordingto(BiffawardEnv.ros,
The four mam categon having,.M. This is ute conversion of waste Patios »>

"^ b, tlatoforiginalproductsmadefromvirginplastic,
^ryKecy^This-lstiieco— f-ep

i, ancerequirementsthan.heoriginalmater.al.

Tertiary Recycling: This is tn P

from waste plastics. e.er.v from waste plastics by
V -This is the process of recovering energy fromQuaternary Recycling: This is th P

"Polybro^ited^

Steel wires, fibber, and

oil

Soil (UP to 30-/.), I™ W»
3%in soil)

incineration.

2.13 Percentage

According

(Figure 2.1).

of Household Dustbin

to Parfitt (2002), aplastic makes up around 7% ofaverage household dustbin

18
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Soil and dherorganics
Files 3%

Papei and boaiJ 18%

KitcneniAjaste 1/*

OthMCOirtJUsMesI*

Garden w«te2'l<* •filwiii5*

Napp'*s2%

Scrap r«*att«hite floods 5*
ling3%(Mai packaging

Fig.2.1:A,alysisofHouseholdWasteCompo^

Source: Parfitt (2002)
ik, in the UK is estimated to be nearly

* i ctir waste generated annually in the UK

3mi„io„ tonne, An estimated »A of a, , ^ ^ _.^
whicharefromhouSeho,d..It,isestimated.ha,7/.ofto,alp

being recycled.
k _ of environmental impacts. Firstly, plastics

^ion requires signify —"^^ -*"
materia, and to deliver energy for the manufacturing process.

19
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dstock for Plastics production
Inction and an additional 3-

wot,d's annua, oil production is used as afee
,%dur»gmanufacture(Parfitt,2002).

,14 Benefrts of Plastics
, „c use is due to die beneficial properties of plasticsTUeconsidemble growth in me plastic use, d

which include among others (Parfitt, 2002, .

•«** than competing materials,ii. Lighter weight man ^ y

transportation.

iii. Extreme durability/
, u0«,irak water and impact,iv Resistance to chemicals, yw

vi.Excellentthe^^
vii. Relative inexpensive to produce.

215 Plastics for Recycling
a tvnes of plastics which are commonly

*""i*—t:r„rrr—--——-man one kind of polymer or there may

^ve added strengdi. This can make recovery difficult.

20



216SourcesofWastePlastics
t„canoftenbeobtainedfromthelargeplastics

.dustria,w^e(orprimarywaste)c.oft^^
•onrinackaeineindustries.Kejeqieuui

processing,manufacturing»^S^^^^is

retimessmall,thequanotoavailable*„workshops,craftsmen,shops,
increase,Acornmercalwastebehigh

dwholesalersAlotoftheplasticsavailablefromthesesour supermarketsandwholesalers.«.
densityandlowdensi^polyediyleneandoftencon.aninated.

hobtainedfromfarmsandnurserygardensoutsidetheurban
Agriculturalwastescanbeobtamedfrom
meseareusuallyinformofpackaging(plasf,confersorsheets) areas.Theseareusuyresidentialareas •iu.micmalwastescanbecollecteurromic

materials(irrigationorhosep.pes).Mumopalwa
wcollectiondepotsandwastedumps.InAsiancities

,™.hthehouseholders(Lardinois,19»).
fromhouseholdsbyarrangementwiththe

„WenUflea«.onofDiff«re»tTypeSofP.as«cS
,.l6tesBthatcanbeusedtodistinguishbetweentiiecommontypes

Therearesevera.simp.etes.tha^„discussedbelowand
separatedforprocessing,

ofpolymersso—- thattheymaybese

^inTable23(Voj^,Im possibleresultepre*

Watertest:Afteraddingafew

plasticandseeifitfloats-

dropsofliquiddetergenttosome

21
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Burningtest:Holdapieceoftheplasticinatweezersoronthebackofaknifeandapplya

flame.Doseitheplasticburn?Ifso,whatcolor?

Fingernail:Icanasampleoftheplasticsbescratchedwithafingernail?

Table2.3IdentificationofDifferentTypesofPlastics

Burning

Smell

burning,

Scratch

yellowsooty

Blueflameyellowflameyellowsootysmoke

smell
•

likecandlewaxlikewaxSweethydrochloric

acid

YesNoNoNo

ToconfirmPVC,touchthesamplewithared-hotpieceofcopperwireandthenholdto

theflame.AgreenflamefromthepresenceofchlorineconfirmsthatitisPVC.Todetermineifa

plasticisathermoplasticorathermoset,takeapieceofwirejustbelowredheatandpressitinto

thematerial,ifthewirepenetratesthematerial,itisathermoplastic;ifitdoesnotitisa

*

thermosets.

22
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2.18ProcessingofReclaimedPlastic

Oncetheplastichasbeencollected,itwillhavetobecleanedandsorted.Thetechnique

usedwilldependonthescaleofoperationandthetypeofwastecollected,butatthesimplest

levelwillinvolvehandwashingandsortingoftheplasticintotherequiredgroups.More

sophisticatedmechanicalwashersandsolardryingcanbeusedforlargeroperations.Sortingof

plasticscan!bebypolymertype(thermosetorthermoplasticsforexample),byproduct(bottles,

plasticsheeting)orbycolour.

2.19ResearchandDevelopmentinPolymerRecycling

Recyclingofwasteshasbeenpracticedforalongtime;muchimpactisbearingseenin
1|thedevelopingcountriesofAfricaandEurope.

ONITIRIandADENIYI(2002)intheirresearchdemonstratedandshowedthatthe

compressiontestonrecycledandvirginunplasticizedPolyvinylchloride(UPVC)undue

transverseloadingatdifferenttemperatureshowsthatrecycledUPVCexhibitsbetterrigidityfor

allthetemperatureconsideredexceptat40°cwhereastressatyieldof0.5919mPaand

0.613ImPawasrecordedforrecycledandvirgin(UPVC)respectively.TherecycledUPVC

showspoor;dimensionalstabilityattemperaturebetween25°Cand85°Cwithgreatimprovement

at100°Cand115°C(16:9760%and22.8960%,respectively)ascomparedtostrainatfractureof

37.1300%and42.3910%respectivelyforvirginUPVC.

RecycledUPVCwasfoundtobeareliable,andinsomecasesabetteralternativeto

virginUPVC.ImprovementinthemechanicalpropertiesofrecycledUPVCcanbeachievedif

greaterattentionisgiventoparity,homogeneity,andprevioushistoryoftheUPVCregrind.

23



1jJawadjBhatti(2010)affirmedinisworkthataplasticcanbemadeasenergyrecovery.In
jsouthkorea,startupnamedG.R.Technologyinventedaplastic-fueledburnerin1999after
tIconductingemissionstestingbetween2005-2007inconjunctionwithPennStateUniversity,a
V*subsidiaryofG.Rtechnology.Theseboileraredesignedtostartupondieselorkerosenefueland
|thenrunindefinitelyonPEorPP

Theunitsareratedtoproduce100,000kcal/hr(418.4MJ/hr19.81b/hr)offeedwith

1l,500kcal/kg(48.1MJ/kg)plasticfuelpellets.TheseasemergedtoprovideplasticfuelofEco-

JCleanBurnersusingtheprocessdevelopedandcalled"plastofuel"

Also,atenergyconferenceJawad.A.BhattiandJ,Col,(2010)recentlyunveileda

prototypedoubletankwastegraduatedcombusterfordedicatedplasticcombustion.Thesystem
utilizedanuppertankforthepyrolysisofplasticandalowertanktocombustandgeneratesheat

andsteam.

Al-Sialem,lettieri,baeyens(2009)reportedinaresearchworkonrecyclingandrecovery

routesofplasticssolidwaste.Inispaper,recentprogressintherecyclingandrecovery.Aspecial

emphasiswaspaidonwastegeneratedfrompolyolefinicsourcewhichmakesupgreat

percentageofourdailylifecircle.PlasticproductandthefourroutesofPSWtreatmentare

detailedanddiscussedcoveringprimary(re-extrusion),secondary(mechanical),tertiary

(chemical)andquaternary(energyrecovery)schemeandtechnologies.Althoughprimaryand

secondaryrecyclingschemearewellestablishedandwidelyapplied.Iiwasconcludedthatmany

ofthePSWtertiaryandquaternarytreatmentschemeappearstoberobustandworthyof

additionalinvestigation.

I
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SteveClarke,P.Eng.Kemptville,OMAFRA,andCarlFletcher,Ouelph,OMAFRA.
(2002)developedapilotprojectplanonpo.ymer.toassesstheproblemsandcommercial
viabilityassociatedwiththerecyclingofagriculturalplastic.Thisprojecthasbeenjointeffectof
theOntarioso;ilandcropimprovementAssociation

projecthasconsistedofanumberofpilotcollectionsacrossOntarioinAlexandria
andFood(OMAF).Fieldresearchforthe

25
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CHAPTERTHREE

3.0MATEBLIALSANDMETHODS

3.1DesignAnalysis

Oesignanalysisisdieprocessaimedatevaluatingthenecessarydesignparameter

lettoavoidfailurebyexcessiveyield.gandfati,eduringtherequiredworkingho
raachineparts.Theresultsofdtisanalysis...beincorporatedinthedesigncalculation

3.1.1DesignofHopper

OuringHopperdesign,animnortantconsiderationis^»achievemassout-tiowof
mate„out«omthehoppertherebyminimi^archingC-notiowoccurs,,*
funneling0.e.whereHowmaybereduced,Alsothehopper,strengti,andcapac,are-.
in,oconsideration.Indesigningahopper,itisrecommendedd.attheangleof.nchnat.onof*e
sMe8ofthe^„thehori^mustbegreaterthanthe„g.eoffrictionbetiveenthe
hopperwal.andti.ematerial.Thecross-sectionofd.ehopperisshowninf.gureXKa.b.c)

\«
\

\

5

i

1

i
1
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(B)
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(c)

Assumingthat

intothehopperwillbe:-

massofoneVieceofvolyethlene

/oronepiece=2.32xlO-3kg

Fg=2.32

490mm

490mm

.^^.fullyloadedwidtpolyethylene^eweightofpolyediylenetobefed

=2.320=2.32x103kg

Whereg=9.81m/s

xio-3x9.81=0.0227592kg

Then,theweightof220packs
=5.0001kg

3
1

=5kg

28



3.1.2HopperCapacity
ofthehopperisconsideredby

hdeterminingthecapacityofthehopper,thevolume
•"Pavalien,theorem".Gaveanexpress.ooforcalculating Beyer1987usmgCavahenrf^^

.oEmstumofpyramidshape.Regaraies*

"**"*,"T-JI.U-—--—•— whethercircularinthecase01a

shape,

Pyramidalfrustumis

Volume=V3^+A2+^S)""
Where;A,=Areaofthetop

A2=Area'ofthebottom

h=Heightofthehopper

ConsideringthefoUowingdimension;

Len5tho/t/ietop=0.49m

Breadthofthetop=0.49m

Lengthofthebottom=0.2m

]Breadthofthebottom=0.2m
Hei^t0/Stopper=0.5m

There/ore;

A1=0.49x0.49 Areaofthetop

-0.2401m2

Areaofthebottom

A2=0.2X0.2

.(3.1)

29



_*Afci.

=0.04m2

Substitutinginequation(3.1),.

Volumeofhopper^^/S^^^^^3
,1/3X0^2401^
=l/3x0.5(0.2801+0.098)

=1/3X0.5(0.3781)

-I/3(0.18905)

=0.063016666

=0.06302m3

UstagaO»,asafac,orofsafetyforthecapacityof«hehopper

_i5_x0.06302
""100

-0012604m3-,„,3
0012604+0.06302=0.075624m WsisthecapacityofthehopPer=0.012604

<•twReauireToMelttheMaterial 3.1.3QuantityofHeatRequire

1

4

J

1

Massofmaterialtoberecycled(m)=5kg

ExptessinglhevalueofWinvolume

SFromdensity(p)=m/v-

V=m/P30

4

(3.2)
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Wherep-densityofthematerial(i.e.LDPE)

=!*(martienssenandwarlimort2005)
Pm3

Usingthemass,thevolumeofthematerialtoberecycled

An__J*i—=5.435x10~3m3
W}~920kg/m3

Taking20%asafactorofsafety

v_i!x5.435X10'V=1-0869xlO-m»
V~100

=(5.435x10-3m3+1.0869XID"3
TotalVolumeGO-(5

=1086.905435m

1086.91m3

Meltingpointofthe
material{lowdensitypolyethylene)

;quiredto,melt5kgofthematerial, Thereforequantityofheatre.

Q=MCAT.

ThatisQ=MC4T

=2.302^/^,^=25^or298K,

115°C

(3.3)

Wherem=5fc:0,C

T2=115°Cor388K(Ti-roomtemperature,
T2=meltingtemperature)

q=Skgx2.302X(H5-25)
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q=1035.9kg

Therefore,

Wattage,W=Q/T

W=1035-.9kg/5x60

W=3.453kw
i

3.1.4CoolingChamber

M.thefollowingdimensionsasstatedbelow. Atankofwaterwiththetoiiowmg

L=49cm

g=49cm

H=10cm

ftank=Ieneth*Breadth*Height Volumeofatank-Lengm

=49cmx49cm*10cm

=24010cm

=0.02401m3

3.1.5MouldDesign

Theshapeofmoldisafrustum

ftvietoo=3.6cm=0.036m Diameterofthetop

likewimthefollowingdimensions.
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Diameterofthebottom=4cm=0.04m

Heightofthefrustum=10cm=0.1m

3.1.6VolumeofFrustum

Thetotalnumberoffrustuminthecoolingchamberisnine(9).

VolumeofafrustumV

v=£h(R2+r2+Rxr)-

=H10(0.022+0.0182+0.02x0.018)

=110(0.0004+0.000324+0.02+0.018)
3

=510(0.000724+0.00036)

=5(0.001084)
3v

=0.104719755(0.001084)

=0.000113516

V-1.135xl0^m3

TotalVolumeKvolumeofafrustum

Iv=1.135xl04x9

=0.0010215

Totalnumberoffrustum)

1.0215xlOL3m3
33
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thecoolingchamber

,.fatank-totalvolumeofthefrustum) Volumeofwater=(volumeofatank

fot(,r-r00240-1.0215xl0'3)m3 Totalvolumeofwater-V-V"*v

=2.2989xlO'V

3.1.7HeatLoss

=MCAT

whereAT=T2-T1

Tl=0°Cor273K

T=H5°Cor388K

AT=273-388

AT=•-1550C

=5kgx2.302x-155°C

1Heatloss=1784.05kg

3.1.8RateoffCooling

heatloss

*Rateofcooling=~~^^T~

I784.05kj

="45~x60

=1.32l5l8|5kl/sec
34
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319BeltSelection
"vBe,,(b«o„theusu,.oad„fdriveO,5-,kwpower,The,be,,ismadeof

,ddinrubberandnorma,lycovered«id,tabrica„^^—b*arc fabricandcordsmouldedm™bberan^^,̂
a*\chaneandaremadeendless,inese<n*y m0u,ded.oatrapezo,da,shapeandttep0Weristransmittedbythe

.i^i<ma1eforF-beltisusuallyfrom30to4U.y drives.Theincludedangleforcross.SectionofV- t.u.HandtheK-grooveinthepulleyorsheave,n
wedgingactionbetweenthebeltandthegr
groovebeltisshowninfigure3.2

3.1.10DeterminationoftheMaximumPowerofBelt

Calculationofthebeltspeed

1

^40°A^

V

ForV-beltAithefoUowingare

Figure3.2;crosssectionofV-groovebelt

Usualloadofdrive=0.75-5kw

thedataofthesections:
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s/e_-.—i?J£*&is***

Recommendedmininiumpulleypitchdiameter,dp=0.09m,

MotorspeedMl-ifOm

Normalthickness,Tf8mm

Weightpermetre=0.100kg

Requiredshaft^^

Beltspeed,S=udp^i

3.142(0.09>^145Pi=6.833m/s
s=60~

Requiredmotorspeed=1450rpm

,.!1/c__Hi_H5£=0.725
Speedratio;vs~n22000

3X11AngutarVelocityofMotor-CylinderBelt

_2X71X14501^151863rad/s
W2-60

_2xrrx200()_209467rad/s
Wlel)

3.1.12Poweron
Motor-CylinderBelt

Power=torquexangularvelocity

=Tw

36
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Ueytoacceleratethecylinder
Torqueonmotor-pu

r2=radiusofmotor-pulley

Hence,

Power=tmW2=w2lr2

Therefore,powerdetiveredbythemotor

6.12
^=(151.863)^-^

=1383.742watts

Forefficiencyof95%

:2Lx1383.742
100

=tm~W2T2.
(3.9)

=1314.555watts]

3,.l3CuttingBladesontheRotatingShaft

AhujaandShama,1989estat,^^one
ctexistingshreddershaveoneleggedspm machineat30,to50mm.mostexistings

leggedspikeof10cm

Thecuttingbhideis

10cmspacingisused.

L•uu-1?5cmsin60=10.8253cm madeofmildsteelwithheightH-12.5cmS1

|Diameter=4cm

Volumeofea.hcuttingb.ade-A.en^
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:Sxl2.5

=8x12.5

=100cm

Massofeachcuttingblade=VolumexDensity

=100x7850

=785000£g

r>r,»,wT>estenCalculation 3.1.14Motor-CylinderDesign

Driven

Motorpulley

ni;„rlPrPulleyBeltArrangement
Figure3.3:Motf-CylinderPulley

I1%H2

Where,

}Di=diameterofmotorpulley=12cm

38
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^diameteroftheshaftdrivenpulley=?

,,-Speedofelectricmotor=1450rp»

,2=Speedofroti,tinglshaf«=2000rP»I

Fromtheequation;

D2N2""

DiN2=D2Ni-

D2=-

12X1450

2000,

__I7400
""2000

=8.7cm

-9.0cm

Ifthediameter
oftheshaftdrivenpulleyis9cm

rtxaoj^xJilH
SpeedofShaft=c4

=410.031mA

1J.1.15P„werReq«i«dBrivh,g«.eS''»ft'

I2-. 1Ps=Wlri...
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rhere,

=radiusofshaftofpufley

>2=(209.467)2x^

=197443.908watts

ofMotor-ShaftPulley
3.1.16Centre-Distaiice

Where,CD=Center]distance

(3.14)

R=Radiusoflargepulley

r=Radiusofsmalfpulley

Fromtheequationabove,two

/2X1.123(0^09)+9B)
ThatisCD=maxl^-7--'22>

CD=max(0.120,0.195)

1isequaltothelargercenterdistance)

centerdistanceswillbe
obtained,butthelargerischosen.

CD=195mm(which

Note:thecenterfdistanceshouldnot
leSsthanthediameterofthelargerpulley.

.,l7AngleofContactofMotor-ShaftPuUey

begreaterthanthreetimesthesum
ofthesheavediameters

or

0L=Angleofcontactoflargely
„•-iC£^l =7j+2sin2CD•

40
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-iCH2i2°l
=7T+2sin""^^JiT

=11.965°

0s=Angle
0fcontactofsmallpuUey^^sin-1^

_x(120-90)
=7t-2sin~^195)-

=-5.681°

3.U8Le«gtt.ofM»tor-Sh!"tP""ey
(D1-D2)

Lengthofbel,,L=:?(D.+W+2CI>t«o'

According.oKhutmiandGupta(2005)

(120-90)2
=!il?-(120+90)+2*l95+Txi9S~
~2

L=438.28mm

Thelengthcorrectionfactor

1L=438.28x0.84
i

L=368.158mrn

Kl=0.84(fromtables)

\
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J_jJUi-i-c-j-

xl9DeterminationofWeightofPulley

Figure3.4:Cross-SectionofV-grooveBelt

Widthofthebel|;w,=13mm

.Nominaldepthofthebelt;t=8mm

Sleevegrooveangle=40

De„sityoftheleatherbelt=,=̂0^
i

(Shaunseries)

1Fromtheabove,

,uut=ix13xtan70 Actualdepthofthebelt,T2

T=i7.859riim
42
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tXWi

8X13

17.854

W2=5.83mm

Thecross-sectionalarea
ofthebeltcanbecalculatedas;

ri3+5.83lg

=9.415x8

=75.32mm

-6
=73.32xKTm

M=PXA=970|X75.32Xl0-6=73060.4XlO"6

M=0.730604Xgym

^nationofLengthofBelts \3.1.20Deteif

Motorpulley
\Shaftpulley

|Figure3.5:^tor-ShaftBelt
\
\
1
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D2=diameterofthelshaftpulley

=12cm

Dl=diameterofthemotorpulley

=8cm

Centertocenterdistances,C-minimum

100mm=0.1m

NominalPitchLength,

r(pi+D2)21
L=2C+^(Di+D2)+l—•^-T

[(120-900)^1
L=2x100X||(120+900)+|"1^oTl

21007T;,90000
=200XT-+400

=200+3299.11+225

1
=3724.1mm(max)

\3.1.21DesignTheory

,fthecuttings^aftissubjectedtotwistingmomentoniy,

IH" *rJ
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(3.20)
_TT_T£j

X~J2]

(3.21)
16DTj

r"4^T)'"'
(3.22)

M_£;
;y

Where,

Af=bendingmoirjent

a=bending

j=momentofinertia

j,-distancefronfneutralaxistoshaftdiameter-f
(3.23)

w_«*E!r£*•—• u32D';

32M,.

•'•ff=re(D4-d4)

'(3.24)
Maximumshearstress-bmax2^v

-,..(3.25)

(3.26)
_16dVmZ+4T2|
"""lRD4-d4)1

\Forcuttirfgblade,
s

i

i

aSz:
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Where,

M=bendingmoment

Z=sectionmodulus

Maximumstress

0Max2A,J

1(M
-mf+ra

..,_£JA—l—AM-

(Oluboji,2004)

•*:«nnfWeichtonCuttingBlade
3.1.22Determinationotweigiu

nd2_X142(0.Q4)2_
Areaofeachrod==-j-4

=1.2568X10'V

Length
oftheblade=12.5cm=0.125m

IVolumeoftheblade-1-2568X10V 4

IWeightofblad^(W)=W
=7850X1.2568XIO^X9.81

=9.678iV

For18cuttingblade
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w=18X9.678

=174.212JV

Weightofcylinder

n{D2-d2)
Area-J~~~

D=49.5cm=0.495m

d=44.5cm=0.445m

TtA7.f0.4952-04452)
Area=A=-4

=0.0369185

A=3.692Xl0V

V=49cm=0.49m

V=A1=3!692xl02x0.43

Iv=1.58756xioV

Weight(W)=/?V5

=1222.56W

WeightofLoW
DensityPolyethylene(LDPE)

Forafeedrateof5i^r

Amountbrokenpersecond

_.i.—i-"•"»*"-

(3.28)
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=_£_=1.388Kg
3600

BreakingForceF=i9943wgiW

wg=weightofgram(Kg)

>.J_.i»i-'i.'-.

R=panicleradius(rh)

M=Breakingspeed(rpm)

(KhurmiandGuptal2008)

F=3.9943X1.388x1.8xl0"2x1450

=144.70Kg

ight=174.212+1222.56+1447.0 Totalcutterwei

F=2843.772N

3.1.23DeterminationofStressonCuttingBlade

Torque(T)=Frf:

Where,[

r=distancetott^eneutralaxis=0.018

IT=2843.772X0.018

1=51.1879JVm
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Figure3.6:Beamdiagramofshaft
ji

Ra=Rb=̂=1421.886

1

w_zi^HZ2-=5803.616iV/m
W0.49

Figure3.7sheaiforcediagramoftheshaft

_1421.886iVm

Shearforcediagramofcuttingshaft

wl
5F=T-wx.

(3.29)
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laximumshearforceatB

vl5.803.616X0.49
142l.886Mw

/laximumshearforceatA

_wj=-5.803.616X0.49=^}mNm

3.1.24BendingMomentofShaft

174.181M»

shaft ^entdiagtamoftheeun^ Figure3.8bendingmomc»v«^

wlzSBOSAl**^
M=-

M=:174.18^

Maximumshearottshaft

8=16x0.495^.-^4^^^^

A

s=3590.06Nw

3.1.24PowerJDe

p=T6J"

mandatShaft
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