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NOTATIONS

N=Number of revolution per minutes

l=Force acting on the cutting shaft

|t= Torque ofthe cutting shaft

n =Number ofblades

Pldpe
= Density ofthe low

density polyethylene material

d, =Angular velocity

Pt= Power required to cut the material

= Deflection ofbeam

E=Modulus ofelasticity

I=Second moment ofarea

D=Diameter ofblade

FR =Blade resultant force

5(max) =Maximum stress

a = Arc of contact

6= Angle oftwist

M=Mass per unit length
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Jj 02=Diameter ofthe shaft pulley
j Vg =Gross volume of pulley

] Vh= Volume ofhopper

t ^Acceleration due to gravity

| w=Weight ofbelt
i
I V= Volume taken by V-groove belt

j w= Weight ofpulley

j L = Length ofbelt
\

,=Density ofmilt steel
ii

1

j Di =Diameter of shaft pulley

| Ni =Speed ofmotor

D2 =Diameter of shaft

N2 =Speed ofcylinder

C=Center to center distance

T, =Tension on tight side

T2 =Tension on slack side

G=Torsion modulus of rigidity
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CHAPTER ONE

LO INTRODUCTION

u „nd,„«.e, onniaterialsofourdai,y,iving,andmanyoftheirProper.ieS,

-——-"""""Il tothe growing amount of solid Waste
— — - """Tl on, l - — * <*-generated, - - --»— - °ftB1 "" oomk ^ eyen ^ .p^his

i , • i w it also has social, economic ana even v

Tr^nr—------
Even though external recycling is not the most p

• , ;t i, not expected that the amounts of plastic waste wintechnology and waste elimination, it is not expecte

. a il <! Census Bureau. The bureau estimated that*estimated to be about 6.5 billion according to the U.S. Census„' dl08peop.edieevervminute;n,eani„gu,a,theWor.d,popu,at,ongrew
unpeople are born and .08 peopled, erv (Microsoftp„carta,byl4, each minute of 2006. The.otal is expected to reach 7btlhonm 20

„ *is fact, the demand for an environmental con«,l of the entuc ;world ,s
onnQA Based on this tact, uic uw

i j ^ «f livins with good health. In isearcn ui, *™i alwavs have a better standard of living wun genvironmental control always nave a

is

:?®rai$»*
aiP«M»%^^ww"* '"



ine of the.materials (LDPE) «-fern a
formed inside the

lWered by an electric motor

U from melting w-- ^ ^ ^ ^ is ,ize
liquid then to coolfng

developed in stages

were
water is use as a

coolant. Then a lump is
;seriesofblades are welded toashaft been po,

reduction were

u «._—.—- ( Me mal confron, certain conntries of
. Theraostcritica.e„viro„me„..probem , ^^

• u, thotbird world countries, which cover me.eworldespectal, -^ tf As, The mW worU countri. are also referred

li::t— - urgent needs to — -. - ^ -

rnrrsL-—-—-r
^iesmaybeat^totiteMowing:- ^ ^^

„f „ll nackaaing materials and an enective c1. Improper usage of all packaging

discharges are not properly managed. .;
•'•''... • .h, fabrication and maintenance cost have2. The cos. of mechanical recycling machine, i.e. the fabncatio

been amajorize for the individual group.

U Objectiveofthesmdy ,OD ,«, carry out performance evaluation ofaThe objective of*is study i, to design, develop and carry
low density polyethylene recycling machine.

. -n—r" T.T "

\



i •• cPriouslv increasing at a' „„ fliving.be world environmental control, seriouslyproving utesuuidard of living, t
„.n the world population and industry.critical rate when compared to P^ ^^^^^^ matmals e.g.

Recently, much attention has be, ^^ ^ ^ ^^

goveromen. officials, commerced* ^ ^^ ^ „.
problems of low density polyene ^ ,„,.sacks which has
^enrngeofenvironmen^pollutioncausedbypackag _ ,pereentof

L—»*h-—™ection Agency (^^pollutan^nmeenvironmentCPhillips^OOO) ^
„•., nf.be LDPE found in municipal solid waste originNearly two-thuds of the LDrb ^

(h,m non-durable goods, especially trash bags.
Another sizable fraction comes from ^

V leaLDPE are bo» in the bags, sacks, and wraps category. * . Psources of recycled LDPE are „f ,OPE bags, sacks, and
, The USEPA calculated .ha. 150 thousands of LDPE bag,

Ausualia was reported «be 12.2 percen. in 2003 above

This resedrwi v» machines is, amount of waste materials in the environment. The pac
which will help to reduce amount ot wa

»T-T"lFT~7'iJ' '

.— .v T FTT""



^^^^^Wf"

*--~t d—-—h°ter deve,opin8 "sian„ lack of appropriate ind,genous pro. . ^ ^^,ust
eoun.ies.Kigeriaasadevelopingcountrywithagrow gP , ,„

• ,„iltation of waste packaging matenals of low

r rr,n.—---—-- •**:archive this, there is an ,„,. is envisaged that manufacturers and^ehug oology which ca.be adopted by people K,e ^ ^

thus
helping to clean up the environment.

1.5 Scope ofthe Study

The scope of this study is limited to the desigi
low density polyethylene (LDPE) recycling machine

^_

ign, develop and evaluate the performahce ofa



CHAPTER TWO

,0 LITERATURE REVIEW

2l Definition of Plastics

«——"* ^.^les that compose plastics are long carbon-chains
formed into avariety of product. ^ ^ ^ up of,o„g ,

f^^ruseful properties. In general, uilhat give plastic many of their usei ^
. The word plastic is deriveu uu«'chai„-,ike molecu.es are ..led ,*- - > _ffi fe ^

(L,„ for "capable of moulding") and ,«*».(**
(Microsoft Encarta, 2009). : .

^ its origin back to acentury and ahalf when, in
The modem plastics industty can .race on.4, Qer Parke, unveiled Parkesine, tire firs, man-made plastic. ,n 1891, Ray

,S62, Mender Parkes u ^^ ^ „ in excess „f twenty
introduced,fe„wedbyce,tophanem,90, ^
Cerent polymer types in common usage today. Th

... ,dS. nolvstvrene (PS) and polypropylene (PP), wh.cn npolyethylene (PE), polyam.de (PA), polystyrene (
developed by tiie 1960s.

melt on heating and may be mecn . ThermoSets do[not soften
*o«mP QWo of plastics in use. Thermoses u

..1^„^——-i—



way as thermoplastics. They may
a i„ -nercv recovery processes,may be feedstock recycled or used ,nenerfcy A, .,

y • i . a tn recvele low densityleveling machines have been adopted to recycle
Over the years, many recycling

of not considering certain parameters sue*
shredding techniques. .

! enif.can.ly in the last 50 years. Globally, consumption has risenPlasticsusehasgrownsigmficantly ^ ^^ ^
« inn million tonnes, lnis growui

^ ^^They can be

apptations whe^s* p—^ 2mo ^,, mitta
used app—ly 4.5 ^ ^ ^.^
tonnes during 200.. It is estimated tat the plastics sec.o

,,* .hpmicalsin 1988(BiffawardEnviros,2002).
percent ofthe UK demand for chemicals

2.2 General Properties ofPlastics

. . . wide variety of useful properties and are relatively intensive toPlasues possess awide v , ^ ^ ^ ^
tW are lighter than many materials 01 u» y

" orusrorro. Most plastics can be produced in any colour. Theycan also bewood,p,asticsdon„trus,orrot. P^ ^ ^ ^^
^ oc rlpar as glass, translucent (transmuuusmanufactured as clear as gi«» ,

(impenetrable to light).

i
I.



^ compete density of steel —^ ^ ^ ^glass
and oti.ertibers.0 form incredibly stio.^^^ ^ OT pulled apart) ofup to

^u resistance of a material wvocan have atensile strength (resist, ^ ^^
• ->fl091 The advantages of plastics are g.

165 MPa (Encarta Premium, )• ^ fteely durable (Microsoft Encarta,

2009). ' • „• towever have some disadvan^ges. When burned, some Plastics produce
Plast.cs however, ha towithstand temperature as

e m„o Although certain plastics are spewpoiso„ousfume,A.thou (^ whe„ hi# heat resist is needed. Be^se of
high,28rC, mgenera, plastics ar _ tat0 simpter components. Maresult,
meir molecular stability, Plastics do no, easily break d
.sposalofplasticscreatesasolidwasteproblem.EncartaPremium,^,

, ^besepara^intiitwodifferentgroupsdependingon.heirbehaviourwhen
1 Polymers can be separate , lir These are substances that
\ , with linear molecules are tike.y to be thermoplastic. These arei heated. Polymers with linear m ,....,,•• _,_ ^ be semi-cryslalline or
J a „ h- remoulded and recycled. They can uesoften upon heating - - ^ ^ ^̂ _ _ ^

amorphou, * - ~ - -*- „^^Prem,m,
1 „o. soften under hea. and pressure and cannot

J 2009).
1 23 Thermop.»ties and Thermosetting Ptastics
! • „.her made by addition or condensation polymerisation, ca, be divided
1 *» •*—' Whethet *"* V : , ,. , ^ terms refer .o the different\ in.otivo groups: .hermop.as.ics and thermosetting Plastic, T,e,te

ways these types
0f plastics respond to heat. Thermoplastics can be repeatedly isoftened by



. lastics on titeotiier baud, harden permanehtiy,ttatingandhardeuedbyc».in,Thermose..,ngp.a,.cs,o

afterbeingheatedonce. , heat be,wcen tiiermoplastics and
«,, me difference in response lo healThe reason for *e d. ^^ ^^ ^ Thermoplastics molecules,

.hermosetting plastics lies in tire chemical struc ore ^ ^

^ —- ChamS - :: mollular chains . clump tog- like piles of„ ,e molecules) .at cause ^ ^^^^-
en.mg.ed spaghetii. Thermop.as..cs can be heated _ ^ „1(fea and

.n. wax For mis reason, thermoplastics can ohardened, repeatedly, like candle wax. For
reused almost indefinitely.

• sistofchainmoleculesu,atchemicallybondorcrosS-linkwi»hThermosetimgplasticsconsis.ofcha.nm ^
ach other when heated. When thermosetting plastics cross-hnk, the. , WOTk mat can be consider^ one giant molecule. Once cured,
— teE—""; C1 same way mat ccd concrete can-be reset;
consequently, thermosetting plastics are

f,«v>C without melting. (Encarta Premium, 200?).plastics can be heated to temperature of260 Cwithout
ieclar sutures of thermoplastics and ti.ermose.ting places allow

The different molecular strucuuca .,...„„
torn* .he properties of commercial plastics for specific aprons.

Becseti.ermop.ast.cmate.ia cons,.m ^ ^ rf .
largely influenced by modular weight. For mstan, • leria.increasesitstensi.esttengti,,impac.stiengti,,andfa«gucs«ength(ab.hW
mermoplasuema.enalmcreas ^ thermosetti„g plasties consis. of
ofamaterial to withstand constant stress). Conversely,



, .arweightdoesnotsignitican.lyinfluenceti.epropcr.^of
., single molecular netivork, modular we.gh ^ ^ fey ^

„™.rties of tiiermosetung plastics arthese plastics. Instead, many proper. ^ ^^prenlium
. „ffillers and reinforcement, sucn as Boifferen.Wes and amount of fillers an

2009).

2.4 Amon.bo»—iCl'S",W,"Ma,erta,S., ethose in which molecular chain stiucture is random and
these ma[erials d0 not utetally me,, buthecomesmobilcoveraw.de.em^^ wtotemTheygetsoteandas

ramersoftenantitheybe,ntosofl.asso _ive heat. Examples of
hea. is absorbed until *ey degrade as aresult

•i „ acrvlic polyaryluate and polystyrene,amorphous materials are, acrylic P

*«**-—*te"- Thatmeanss„chmateria.sdon„tg0.hrough* -oik heated to its melting point. That means s

' ^ tir , egrade if excessive heat is a—. Examples of *—immediate,y me,, Tney w . p̂Kmium 2009, :
materials are acetal, nylon, polyester, polyetny ., ^

25 Forms of Recycling' Hofn^yye-oftechnologydevelopmen.plasticwasteisnowr.cyeledby
Asarcsu,.of many , ^.^ ^ ,. ^

different methods. These mefliods may E»P

below.



Plastics can also be recover ^ ^ ^ ^ ^ ^^
recycling process involves anumber P ^^ ^ ^
cashing to remove dirt and contammants, grmd ^^

„ . ^renrocessing into new plastic goods. This typsize, mfusio.byhea.and reprocess g ^ ^^^^ ^ ^
reacted «, thermoplastics becusemermosemng

fAguado and Serrano, 1999).
♦iKHiiv between the different,- nf nlastics is limited by the compatibility betwe

Mechanical recyclmg of plastics ^
nf a oolvmer dispersed in a matrix 01..pes of polymer. Presence of apoly ^^ ^ ^^ ^^

. f tms is the impact ot poryvmy
application. A good examp e
polyethylene terephthalate (PET. processing. Only ^

„.„, value of the lather (Aguado and Serrano, iw>
strongly reduces the commercial ^^
problem with mechanical recycling is tire presence mplashes waste ;
1 res, b, wi.h differen. colours, which usually •*- - —~ ~ "i
recycling plastic (Aguado and Serrano, 1999).

toolvmers sufier certain degradation during tiieir use .o! effec.s of*add-on, most polymers ^ ^ ,_

^ "T:T^oPiles whhout prior separation by resin, produces a
lesser value applications. Recychng itisone„ used for the jreplacement
serial with mechanical parties similar ^timber. Hence,

Wi

10



. Ahigher uualuy of recycled plastics is achieved «hen
of timber in certain applications. ,_ slep(AgUado and Serrano, 1999)isePara.io„byresiniscarriedou.Prior.oti,cre-mou,d,ngstep(

FeedstockRecycling

, lastics also died chemical or tertiary recycling is based on
feedstock recycling of plastics, -ytlc agen. to yield avaric, of
decomposition of polymers by means ofhe,, che ^

• ,^m me chemical monomers to a mixture o.
produce ranging ftom me The chemlcal

. source of chemicals or fuels (Aguado and Serrano,
applications as a source 1W) as:

:™n be classified into three mam areas (Janssen anurecycling processes can be class,. ^^ ^
recycling to fuels (gasoline, lio,ef,ed p— gas (U>G>
monomers; and recycling to industiial chemicals. .

table plastics type,, desired composition and molecular weight of
Depending on recyclable plastics iyp

„ff ent metiiods of feeds.ock reeling can be in.plemen.ed witiun the areasproducts, many differen. metiiods ^ ^̂
• a.we (Yia-Mella, 2002; Janssen and van Santen, TOmentioned above (Y.a Me a, miaUv realized bat the interest in more

. , „i;„„ mptiiods have been commercially reanzeuuu

icr-^rc«—-—-—
• „fixities fAguado and Serrano, 1999).capital investments in the processing facilities (Agua

, ti0„ merma, .reaunen, hydrogenation, ca.ly.ic cracking and chem,
" t However ,e feeds.ck metiiods can be ordered also according , -depolymenzation. However, me

11

- — fT—ivr1'-"

t
r

B
E-
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border of metiiods will »«: thermal (oils,
commercia, value of *e produc,*-- ^ ^̂ ^̂ « lhe
'**^hydr°8Tpl rvle fo,w almos. reverse orders (Aguado and Serrano,
required pre-treatment and product

1999).

Energy Recovery j
. ,on or con.ro,,*, burning, is really considered . ad.sposa, me.hod,

W^ lamchod of reducing.he volume of miscellaneous municipal
Was.e. However, incineration ^ ^ ^^„
replacetheapplicationofomeroil-basedfue,,.tenb ^ ^^ wim

fnil and energy production is the secondary task.
*" *~° ' ^ recovery memod and, due te .heir high energy con.cn,
e„ergy reclamation is consumed " ' ~ . « _ omer ^ials are
plastics *aste is avaluable fuel. The heat capacity of plastics
showninTable

Table2,; HeatCapacitiesofPiasticsandSomeOurerMaterials

Material
Iv^a^aci^

Incapacity (MJ/Kg

12



ABS

Unltl^J/rn3^^0)

Source: Yia-Mella (2002)

2.6 Waste Management Hierarchy

Paper
17

This is a framework that
orderofsustainability^ndinranks waste management in the

discussed below (Brown, 2006).

from source, i.e. waste minimization,
accordance wim^—^

costs and environmental impacts.
thus reducing <

^*,^>*-^b~fci,-"~Re-use- some

purposes (e.g. milk bottle).

Recycle- materials can be used in production processes
aluminum cans, Also composition of green waste does what??

possible through energy recovery-
appropriate solution, only then shMd waste

Dispose If none ofthe previous options offers an
be disposed of (e.g. landfill).

13

or as
secondary or raw materials (e.g.



,7 nasties and their Environment
h id for abroad number ofreasons. Although Plastic,

~--^:r«-—--—dwithte.rtain.yagloballyimportan.proje ^^^^^^
use. one ofthe positive character.,^ of plastic M)tataptalie isdurable

Asidefr9mtt,inBtoge.ndofp.ast1c,creat ^..^rf
nt, of chemical pollutants to create plastic, as w

toxic wastes products.

• f tade materials has increased from around 16.8% millionThe world annua, option of plastic mater. ^
ton„es in .he 1950s te nearly 100 million tonnes today. ,nti,e UK,

of plastic products were used in various economic sectors in 2001 (Atuado.million tonnes of plastic prouuv-«

Serrano, 1999).

28 Uses ofPlastics

The cars we drive, the computers we use, the utensils we

mattres

onto polyester and nylon carpets.

with, the recre:
ational equipment we play with, and thehouses or

buildings we live! and work in

14
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i
i

1

' .nntains almost 136kg of pM«i f<J The average car contains dim

' produced steel. (Aguado and Serrano, 1999).
. j,j;no the automobile,^ ,xtensively by many key industries, includingPtefe \TZ^ leLcalindus.es.Theaerospace.dus.usesplasticsaerospaccconstructio^. ^ ^^ ^ _^ „sed ,„

specialized field and b^ompatib.e .oin. onsumptlon .d plastics are
piastiesuseh.theUK.T.esec.r—*» ^

• • „rivhalf of all packaged goods (Aguaooanu
the material of choice in nearly halt P

i
J*

m

i

i

2.9 Types of Plastics1.9 types ui*«~—-

Plasties with hundreds of different varieties. All

tvpesofplasticsarerecyclablcTomakes g _ ^ ^ sortthe
optics Indus, deve^^maintypesofplastic.Thesetypesandtheirmostcommonusesare(B

uk.' h, rPET^ - Fizzy drink bottles and oven-ready meal trays.Polyethylene terephthalate (PET) Mzzy
u. .mDPE)-Bottlesformilkandwashing-upliquids.

High density polyethylene (HDPE)
,. r^c hottles for squash, mineral water and, u, mp rPVQ - Food trays, cling firms, bottles tor sq

Polyvinyl chloride (FVM

shampoo.

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

15



• +.kc microwaveable meal trays.
, «, tvv^ - Margarine tubs, microwaPolvDropylene (rr) iVUU&

l oiypruFj cartons,
. „r fkh travs, hamburger boxes, eggp,PS, _Yoghurt pots, foams meat or fish trays,Polystyrene (PS) ^^^ andtoys.

vendingcuPs,plasticcutieryandprotectivep

OTHERS- My other plastics tnai

melamine, Which is
often used in plastic plates and cups.

2.10 Recycling Effect of Contamination
dfor recycling, contamination is present everywhere, resulting inIn polymers used for rec c ^ ^ ^^

reduction of me ,uality of recycling. Ecan be in ^ ^
•j- ^ «olvmers- contamination by toreign uuadditives, pesticides, partially oxidized polymers, pso(bundi„g

* „PET and HDPE bottles collected from roadsides. In very

^ii-.u—————*
pose problems (BiffawardEnviros, 2002).

16
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1

ij U1 c„mmoBC„n.»n.inan«i»H^^merS
J „ble2,; mccommoncon.minan.inr.yCedpo^

» Polymer

\
» PET

j HDPE

\
* LDPE

i
i

\
\ LDPE

1 PP

HDPE

J PET

1

1

I

Phenol

LDPE

PVC

Recycled source

Beverage bottles

Milk/water bottles

Greenhouse films

ers

Shopping bags

Battery cases

Detergent bottles

Photographic film

Circuit boards

Multilayer film

Beverages bottles

17

-S3"n »

Contaminants

FvXTgr^ETT^^

glue,

PP, milk residue, pigments,

Insecticides, soil, ,Ni,

oxidation product

Paper receipts, printing ink,

Pb, Cu, acid, grease, dirt

Paper, glue, surfactants,

bleach,

Silver halides, gelatin, *

causticresidues

Cu, tetrabromobisphenol A

Ethylene vinyl! alcohol,

polyamide, ionomef

PET, PE, paper, Al; foil, PP



1 \USretardants
4
3
l

* M*Rextender

1

J

I I DPE

"^Sp^lianc^ou^ngs

Automobile tires

Mulch film

| so^riaSSdrm^tos^ooJT
j ,n MainCategonesofReeyeHngPta^
?- • frecvclmgplasticsaccording.o(Bifu,wardEnviros,2002)are:
) The four main categories ofrecycling p.
« . „ „, waste plastics into products having

•• „• This is the conversion of waste p.«Primary Recycling: This is meP - . . . . .,_:.„, „md„oB made from virgin plastics.

"r^hybTmnln^telfiame

Steel wires, fibber, and

oil

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

3% in soil)

• Primary Rec^ • • ^ ^1 performanceieve,comparab,e,othatofor,gina.ProducBm

I lessdem^ngperti-rtnancereciremems man the original materia,.
nf nroducing chemicals/fuels/similar products

i .. „. Tu:o is the process ot producing ^\ Tertiary RecycUng: This is me P
•(

| from watste plastics.

1 incineration.

I 213 Percentage of Honsehold Dustbin
I .7o/n 0f average household dustbin' Aecording.oParfltt(2002),ap,asticmakesuparound7/„ofav

(Figure 2.1).

18
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Soil and cttierprganics

Wtcneniwastei/*

other combuswes I*

harden wastealW

Fi.es 3%
Pap", and boatJ 18%

•JhuutiO^

Nappes 2%
M5c.non-cor*us1ibles5<*

Scrap rretaWwhfte floods 5*
Metal packaging 3%

CenSe plastic4%

. , • ^Household Waste CompositionsFig. 2.1: Analysis ol Housenu.u

Source: Parfitt (2002)

An es, mated ** of all plastics waste is used packaging, tiiree^rs of
3-iUion tonnes. An e,m ^ ^^ ^ _ ^ ^ —
which are from household, It is estimai

i

being recycled.

19
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grid's annual oil production is used as a
« during manufacture (Parfitt, 2002).

feedstock for plastics production and an additional 3-

1U Benefits ofPlastics . isdue tome beneficial properties of plastics^considerable grew* »the plasue use is due .om
whichincludeamongoti.ers(Parf.tt,2002):

rfrfit than competing materials, reducing
ii. Lighter weight man v

transportation,

iii. Extreme durability-

ivResisfcnce .o chemicals, water and impact.
v Goc^safetyandhygienepropertiesforfoodpackaging.
vi. Bxce,,en..henha,ande,ecttica,insu,ationpropertie,
vji.Relativeinexpensivetoproduce.

215 Plastics for Recycling
ih There a,e 4Wes of plastics which are commonly

ycled. They are hig Aplastics are often mad, up of more
added to the plastic (a composite) to

rec;

polyvinyl. Acommon problem witi, recycling plastics is1

thanonekiud of polymer ortirere may besomesortof fiber:
give added shengti, This can make rbcovery difficult

20
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ut Sources of Waste Plasties

^-.(or :xri—«—--—usua,,y haveP-* manUfaCtUn"8 M' "j, be dean. Although the „ua.ity of materia, avail* .
g00d characteristics for recycling an ^__^ ^ ^ „,„,

— A— riot„fme,asticsav,lab,fiom.hesesonrceswi„beh,gh
i^tc and wholesalers. A lot 01 uk ysupermarkets ana wudensi.yandlowdensi.po.y^eneanaofiencon.m.nated.

anbeob.ined from farms and nursery gardensou.de .he urban
Agricultural wastes can be obtiu „gri«

.n» in form of packaging (plastic containersareas. These are usually in torn. he ^.ed from residential areas.aterialsOrrigationorhosepi^Municipalwastescbccollecte
,teetP^Co,lection,epoKandwastedump,,nAs,anc,t,es

ofDifferent Types of Plastics
2.17 Identification

,. • • u Kp-tween the common types, detests mat can be used to distinguish between in
There are several simple tests tna . tek» and

ofpo,ymers so ma. mey may be separatedfor processing
possibleresu,.spresentedinTable2.3(Vog,er, .984).

Water test: After adding a

plastic and see if it floats.

21

These tests are discusse

few drops of liquid detergent to some water, put in asmall piece of



• „f the olastifc in a tweezers or
• +0«t» Holdapieceofthepiasu^

Burning test, now « v
,Ume.Dosethep.asticbum7.fso,wha,cO,ort

on the
back of aknife and apply a

fched With afingernail?
Fiogernai,: can asample ofthe plastics be scr,
rable2.3 ^ntifiCtionofDifferentTypesofPlastics

~PE

Water

;

;

Burning

Smell

burning,

Scratch

Blue flame
yellow flame yellow

smell

after like candle wax like wax Sweet

Yes
No

TSo

To confirm
PVC, touch the sample with ared-hot piece

hydrochloric

acid

"No

of copper wire and then hold to

that it is PVC. To determine if a
the flame. Agreen flame from the presence of chlorine confirms

it into,0f wire just below red heatandjpress
plastic is athermoplastic or athermose, take apiecel materia,, if the wire penetrates .e materia,, i, is athermoplastic; iflt doe.

\ thermosets.

22
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i.

• „nf Reclaimed Plastic2 l8 processing olKecwi Htdnw,haveto,deanedandsorted.Thetech„i.e
Ouccheplastichasbeencollece ^ of ^ ^d, b, a, the simples.

u.wi,,dependon,es.,eofoper,on: -P _ ^
»—' "~ ^ WaShi"8 "solar tiding can be used for larger operations. Sorting of

plastic sheeting) or by colour.

medevelopingcountriesofAfticaandEurope.

,- different temperature shows that recycled UPVC efli.
rransve^loadmgatdifferenttemp ^ ^
al, me temperature considered except at 40, where astress ay

. recorded for recycled and virgin (UPVC) respectively. recy0.6131mP. was recorded for , to ^yc and 85X with great improvementshowspoordimensio„als^attemperati.rebetween25C,d

37 ,300% and 42.3910% respectively for virgin UPVC.

Recycled UPVC was to „,, rovC can be achieved if
vir,„ «. improvement in .he mechanical properties of recy led UPVC,eatera«e„.i„nisgiven.op(*,homoge»ei,,andprevioush,steryoffceUP

23
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• a0R Technology invented aplastic
-* ta~ ^ "" 2005 ^007 in function with Penn State Universi.y, a
,ubsidiaryofO.R.echnol„gy.Thesebo.leraredes,gn

lhen run indefinitely on PE or PP ^
H. produce lOO.OOOkc* (4.8.4M* .9.8,b,hr) of feed with

The units are rated to produce WW, . .
• « inellets These as emerged to provide plastic ru„,500kcal/kg (48.1MJ*g) Plastic Mpellet The

C1eanBurnersusingmeprocessdeve,o^.andca,led^fce,
A1 a. energy conference .wad.A.Bhatii and VCol, (20,0, recentiy u„vei,ed a
Also, at energy *- „,„wtion The systemu ^ fnr dedicated plastic combustion. j

———t-^i:.--.——-riW an upper <ank for the ,**» ofP*
and steam.

emphasis was paid on waste g are•', of our daily life circle. Plastic product »d the four routes of PS
percentage of daily ^ ^^ ^^ ^
defiled and discussed covenng primary ,^ ; primary a„d
(chemical> - *«(energy"^^ ^ ^ liwascondudedtiia.many

„«rfl established and widely applied, li was conciusecondaryrecyc.ingschemearewellesU.bl ^ ^ ^ ^
of me PSW tertiary and quaternary tieatinen. scheme appears
additional investigation.
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i

1
1

(2„02) developed apilot project plan ^ ^ of

,e Omar, soil and crop h„P—Association and ~^^thasconsistedofanumoerofpi.otcouectionsacrosson.ar.
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CHAPTER THREE

3.0 MATERIALS AND METHODS

j . •

3.1 Design Analysis

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

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

order to avoid failure by excessive yielding and fatigue during the required working life ofthe

machine parts. The results of this analysis will be incorporated in the design calculation to

prevent the possibility ofunder design or over design ofparts for the fabrication ofthe machine.

3.1.1 Design of Hopper

During hopper design, an important consideration is taken to achieve mass out-flow of

material out from the hopper thereby minimizing arching (i.e. where no flow occurs) and

tunneling (i.e. where flow may be reduced). Also the hopper's strength and capacity are taken

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

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 ofthehopper isshown in figure 3.1 (a, b, c)

26
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•^!?WS?P!3!WS3P^5BTK®3l»5sp

500mm

(a)

(b)

490mm

200mm

490mm

k >l

^200mm
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*

i
}
\

i
3

(c)

490mm

ites

490mm

| Assuming that the hopper is fully loaded with polyethylene, the weight of polyethylene to be fed
i into thehopper will be:-

,j mass of one piece of polyethlene =2.32g =2.32 x10~3kg

j for one piece =2.32 x 10_3kg

I
Where g = 9,81m/s

Fg = 2.32 X10~3 x9.81 == 0.0227592kg

Then, the weight of220 packs = 5.0001kg

I =5kg

28

^rmwisi iW¥*t4fbHujipni



I

mm

J 3.1.2 Hopper Capacity

h, determining the capacity of tiie hopper, the vo,Ume of the hopper is considered ;by
| Beyer ,Wming «Cavalien,s„„^ ^^^^ ^^^

He stated ma, tiie hopper as aFrustum of pyramid shape. Regard^ of the shape of ,he base
whether circular in the case ofacone or sq„aie i„ the case of Egyptian pyramid or any other
shape,

Pyramidal frustum is

Volume =l/3 h(i4x +42 +/Ml).

Where;Ai =Area ofthe top

A2 = Area*ofthe bottom

h=Height ofthehopper

Considering the following dimension;

Length of the top = 0.49m

Breadthof the top = 0.49m

Length of the bottom = 0.2m

Breadth of the bottom = 0.2m

Height of the hopper = 0.5m

Therefore;

Areaof the top,Al = 0.49x0.49

= 0.2401m2

Area ofthe bottom

A2 = 0.2 X 0.2

•(3.1)

29
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= 0.04m2

} Substituting in equation (3.1),
i

j Vol^ofhoPPer=K=l/3h^1+^+V^}
I =V3 X0.5[(0.2401 +0.04) +,/mbliroM}
1 =r/3x 0.5(0.2801 +0.098)

j =1/3* 0.5(0.3781)
j 1
| =73(0.18905)

j =0.063016666

= 0.06302m3

j Using 20% as afactor of safety for the capacity ofthe hopper
20

x 0.06302| ~ioo
] =0.012604m3

This is the capacity ofthe hopper= 0.012604 + 0.06302 = 0.075624m3

3.1.3 Quantity ofHeat Require To Melt the Material

Mass ofmaterial to be recycled (m) =5kg

Expressing the value of(m) involume

From density (p) = m/v

V=nyp

30
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Where p=density ofthe material (i.e. LDPE)

4 r m3
——- (martienssen and warlimort 2005)

1

i Using the mass, the volume ofthe material to be recycled
1

>

(V) =—^r-r =5.435 x10-3m3
KJ 920kg/m3

Taking 20% as a factor of safety

J K=—x5.435 x10"3m3 =1.0869 x10~3m3 \
\ 100 \

\-3Total Volume (V) = (5.435 x 10"3m3 + 1.0869 X 10"

= 1086.905435m3

« 1086.91m3

Melting point ofthe material (low density polyethylene) = 115°C

Therefore quantity ofheat required tomelt 5kg ofthe material,

Q=MCAT •••• (3,3)

That is Q = AfCAT

Where m = 5kg, C= IMlKJ/KgK,^ = 25°C or 298tf,

T2 = 115°C or 388K (Ti'- room temperature, T2 =melting temperature)

Q = 5kg x 2.302 x (115 - 25)

31



j Q= 1035.9kg
i <
1

«

J Therefore,
«

I Wattage, W= QIT
\

1 W=1035«.9kg/5 x 60

4

J W=3.453kw ; r
• '. • • ,

n t

\ 3.1.4 Cooling Chamber )

Atank ofwater with the following dimensions as stated below. \
i

*

1

»
I
I
iI L= 49cm . j,
I

X

i B = 49cm
n

4

* H=10cm

4

i.
Volume ofatank =Length xBreadth xHeight

= 49cm x 49cm x 10cm

=2401Ocm

=0.02401m3 e

3.1.5 Mould Design

The shape of mold is afrustum like with the following dimensions.

i

Diameter of the top =3.6cm =0.036m J
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3 Diameter of the bottom = 4cm = 0.04m

Height ofthe frustum = 10cm =0.1m

jj 3.1.6 Volume ofFrustum

The total number offrustum in the cooling chamber is nine (9).

j Volume ofa frustum V

* V=-h(R2 +r2+Rxr).

i =-10 (0.022 +0.0182+ 0.02 x 0.018)
3 v

'=£ 10 (0 0004 + 0.000324 + 0.02 + 0.018)
3 v

=£ 10 (0.000724 + 0.00036)
3

= -(0.001084)

! -0.104719755 (0.001084)

=0.000113516

V=1.135x KrV

Total Volume =(volume ofafrustum xTotal number of frustum)

V= 1.135* 10^x9

= 0.0010215

1.0215 xlO'W
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;

Therefore; to determine the amount ofwater in the cooling chamber

•j Volume ofwater =(volume ofatank - total volume ofthe frustum)

Total volume ofwater =(0.0240 - 1.0215 x103) m3

2.2989 xl0"2m3

3.1.7 Heat Loss

= MCAT....

where AT = T2-T1.

Ti = 0°Cor273K

T2 = 115°Cor388K

AT = 273 - 388

(3.5)

(3.6) \

AT = -1550C I

= 5kg x 2.302 x -155°C \

t
Heat loss = 1784.05kg [

3.1.8 Rate ofCooling

heat loss
Rate of cooling = time

_ 1784-05k>
= 45 x60"

= 1.3215185kJ/sec
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3.1.9 Belt Selection

V- Belt (based on the usual load of drive 0.75 -5kw power). The V- belt is made of

fabric and cords moulded in rubber and normally covered with fabric and rubber. These belts jare

moulded to atopezoidal shape and are made endless. These are particularly suitable for short

drives. The included angle for K-belt is usually from 30° to 40°. The power is transmitted bylthe

wedging action between the belt and the K-groove in the pulley or sheave. Across-section of V-
groove belt isshown infigure 3.2

3.1.10 Determination of theMaximum Power of Belt

Calculation of the belt speed

^ 40° L

V

For V- belt A, the following are the data ofthe sections:

Figure 3.2; cross section ofV- groove belt

Usual load ofdrive = 0.75 - 5kw
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1

i
i

\
i

1

Recommended minimum pulley pitch diameter, dp - 0.09m,

Motor speed N1 = 1450m
f

Normal thickness, T=8mm f
r

s
t

Weight per metre =0.100kg \
t

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

Belt speed, S=rcdpNi

_H^o^j^uso) =6833m/s
b~ 60

(3.7)

Required motor speed = 1450 rpm \
i

. ,r ni 1450 _ n 77cSpeed ratio; Ks = —= ^fj-"-7^ *
*

t

; 3.1.11 Angular Velocity of Motor-Cylinder Belt J
i ' *•

W2=2X£XM§0 =151.863 ra^s j

w - 2X£L^^0 =209467 md/s
VV1 60

3.1.12 Power on Motor-Cylinder Belt

Power =torque x angular velocity

=Tw.

36
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! Torque on motor-pulley to accelerate the cylinder =tm - w2

\, r2 - radius ofmotor-pulley
i

i
Hence,

« • 2j Power = tmw2=w2 r2
3

] Therefore, power delivered by the motor
a

\

V

\ Pm =(151.863)3x^

J = 1383.742 watts

* For efficiency of 95%
j
\

J =ilx 1383.742
I 100

J
= 1314.555 watts

J 3.1.13 Cutting Blades on the Rotating Shaft
l
i

I

! Ahuja and Shama, 1989 establish spike spacing

(3.9)

for his manually operated shredding

existing shredders have one legged spike. In this design, one

legged spike of 10cm x10cm spacing is used.

The cutting blade is made ofmild steel with height H- 12.5cm sin 60 - 10.8253cm

Diameter = 4cm

Volume ofeach cutting blade =nr2 (length)

machine at 30 to 50mm. most

37



:~X12.5
2

= 8 x 12.5

=100 cmj

Mass of each cutting blade =Volume xDensity

= 100 x 7850

| = 785000£g

I
| Figure 3.3: Motor-Cylinder Pulley Belt Arrangement

3.1.14 Motor-Cylinder Design Calculation

Driven

Motor pulley

0i= Ni
D2 N2

Where,

Di= diameter ofmotor pulley = 12cm

Driven

Cylinder pulley

38
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I

1 |)7=diameteroftheshaftdrivenpulley=?
i .

\ Nj =Speed ofelectric motor =1450rpm
i
t

{ M2 =Speed of rotating shaft =2000^/«

i
? .
* From the equation;

(3.10)
1 2i= & ••••••
3 D2 N2 ""

1 (3.1D .
\ DiN2 =D2Ni p

t

\ (3.12)
i d2=^ • "'*'
1 N1

' 12 X1450 ,

j "" 2000 , • I

i —174°°.
j ~" 2000
•t

1 =8.7cm
i

i

; = 9.0cm

i

j If the diameter ofthe shaft driven pulley is 9cm
i

1 ^ 7TX 0.09X1450
1 Speed of Shaft =• ~

4

4

j =4i0.031m/s

\ 3.1.15 Power Required Driving the Shaft,

(3.13)
Ps = wi2ri •

39



1
Where,

,1=radius ofshaft ofpulley

1>, =(209.467)2 x

1
i = 197443.908 watts <

\ 3.1.16 Centre-Distance ofMotor-Shaft Pulley
Thecen.er-disKffleeisohtainedfrommerela,ionCD=max(2R,3r+R) P-M). .:

.- •' |Where, CD =Center distance |
1

r=Radius of large pulley |
1 «r =Radius of small pulley |

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

/2X1.12 3(009) j^
That is CD = max y-j-' 2 2'

CD = max (0,120,0.195)

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

or less than the diameter ofthe larger pulley.

! 3.1.17 AngleofContactofMotor-ShaftPulley
'_i(£z£ (M5)=Angle ofcontact of largepulley = w+2sin 2CD

40
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_1 (120-90)
= 7T + 2sin

\ =11.965°
1

2(195)

o • -i(p~d)0S =Angle ofcontact of small pulley - n-ism 2CD

3

_1 (120-90)

" 2(195)it - 2sin

51 =-5.681°
1

J 3.1.18 Length of Motor-Shaft Pulley

1 Length ofbelt, L=f(Di+D2) +2CD+ ^g^.
i

i According to Khurmi and Gupta (2005)

9

I

(120-90)2:3^(120 +90) +2xl95 +-1^^r

\ L = 438.28mm

The length correction factor KL =0.84 (from tables)

L = 438.28 x 0.84

L = 368.158mm

41
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1

« 3
1

i

i

1
i

1.19 Determination ofWeight of Pulley

Figure 3.4: Cross-Section ofV-groove Belt

Width ofthe belt; w, = 13mm

Nominal depth ofthe belt; t=8mm

3 Sleeve groove angle =40
s

\ Density ofthe leather belt=p=970Kg/m3

(Shaun series)

From the above,

/180--40N = 70°

\ Actual depth ofthe belt, T=1*13 *tan 70

T = 17.859mm
42



tXWi

\v2=-

8X13

17.854

w2= 5.83mm

The cross-sectional area ofthe belt can be calculated as;

A«pL±!&]t

I
j =9.415x8

1
i

a

i

= 75.32mmz

v6.=i 73.32 x 10"" m

=PXA== 970 X75.32 X10*=73060.4 x10"'
M

M = 0.730604Kg//w

3.1.20 Determination of Length of Belts

Shaft pulley
Motor pulley

Figure 3.5: Motor- Shaft Belt
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! |)2 =diameter ofthe shaft pulley
i

\ =12cm

\ Dl =diameter ofthe motor pulley

= 8cm

J Center to
1

center distances, C=minimum

1 100mm = 0.1m
i

1 Nominal Pitch Length,

I, r(Di +P2>21L=2C+|(Di +D2) +l—^-^J

i N f(120-900)2l
\ L=2x100 Xf (120 +900) +|-^5o""J

1
'* =200+ 3299.1+225
1

* ^\ =3724.1mm (max)

3.1.21 Design Theory

If the cutting shaft is subjected to twisting moment only,

= 200X
2100JT , 90000

+

T _T

r ]'

J =
64

400
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(3.17)

(3.18)

(3.19)
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(3.20)_tt_t£ v
T_ ; 2; ""

(3.21)
16DT v '

T~"*(D4-d*) '""

(3.22)
M _£
l~y

Where,

M= bending moment

o = bending

J = moment of inertia

y=distance from neutral axis to shaft diameter =-

\A *«?-#) •-., .....:........:. '...."• (3'23>
M=-—^r~

_ 32M

_i t, 2+ ArTh (3-24)Maximum shear stress = Smax--V(cr +<*o )

o 1 rtt.J™£-]\ +4\-^L-}2 ..-.(3.25)

i6PVM?+4r2 .(3.26)
7r(D4-d4)

For cuttiffgblade,

S= - *
z
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Where,

M = bending moment

Z = sectionmodulus

Maximum stress

I

i

1
?

: (Oluboji, 2004)

} 3.1.22 Determination ofWeight on Cutting Blade

nd2 3.142 (0-04)2
Areaofeach rod - — J

,-3^.21 = 1.2568 x 10"3m

1 Length ofthe blade =12.5cm =0.125m
1j Volume ofthe blade =1.2568 xlO^m3

Weight ofblade = (W) = pvg

=7850X1.2568 X10"4 X9.81

I
I = 9.678JV

\ For 18 cutting blade

- —, — --~ •—t;.—1 '

46
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W= 18X9.678

= 174.212JV

Weight ofcylinder

7t(D2-d2)
Area:

D = 49.5cm = 0.495m

1 d=44.5cm =0.445m <
1

i* _ 3.142(0.4952-0-445z)
Area = A - —• "i

« =0.0369185

•2„35 A=3.692xl0'2m

; y = 49cm = 0.49m
1
! V=Al=3:692x 102x0.43

I
1 = 1222.56JV

V=1.58756 Xl0"2m3

Weight (W)= pvg

j Weight ofLow Density Polyethylene (LDPE)
1
\ For afeed rate of 5Kg/hr
\
\ Amount broken per second

(3.28)
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1

\
\
\ =_i^=l.388Kg
j 3600

\ Breaking Force F=3.9943wgiW
t

j
! wg= weight of grain (Kg)

| r =panicle radius (m)

\ N=Breaking speed (rpm) ,
1 !
| (Khurmi and Gupta, 2008)

\ F=3.9943 X1.388 X1.8 X10-2 X1450

; =i44.70Kg

\ Totalcutterweight=174.212+1222.56+1447.0
t

\ F = 2843.772N
•5

\ 3.1.23 Determination of Stress on Cutting Blade
i

1
i Torque (T)==Fr

i Where,

2 r=distance to the neutral axis =0.018
r

\
\
i 1 = 2843.772X0.018

\ = 51.1879iV/w

48
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Figure 3.6: Beam diagram of shaft

RA==RB =a^= 1421.886

w==2J4i£!i=5803.616iV/w
VV 0.49

\
Figure 3.7 shear force diagram ofthe shaft

-1421.886ivM

\ Shear force diagram ofcutting shaft

wl

lL-=r —•-•— ——~™ ~ """I -i—it—- IT™" O"™""^"
—3»" V™" TtT'1" vv^rf

(3.29)
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Maximum shear force at B

wi _ 5.803.616x0.49 = i42i.886iVw

i Maximum shear force atA
i

i

I _ ™L = -s-803616x049 = -1421.886JVm

\

3.1.24 Bending Moment of Shaft

174.18 \Nm

Figure 3.8 bending moment diagram ofthe cutting shaft

*

}
i
t

wl* 5803.616 X0.492
M = -r- i

M=174.181iVm

Maximum shear on shaft

S = 359D.06Mw

Il74.1812+ 4(0.989)2
S=16 X0.495 A|-rt(0.4952-0.4452)"

3.1.24 Power Demand at Shaft

P = TO)

50
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3

•

i
t

t

2nN_
60

0) =

2 x 3.142 X1450
w= "60

j w = 151.86

i
i

i
\

P = 51.1879x151.86

P = 7773.565 FT

For thecutting blade

w = 1447JV

W=9'678/o.l

W = 96JSN/m

96.nN/m

A

Figure 3.9 Shear force diagram ofthe shaft

S.F. = -W - wx

.(3.31)
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r

i
i

=.1447-96.78x0.045

= -1451.36iV

-1451.36JV

65.1247ATw

bending moment diagram ofthe shaftFigure 3.10 bending

M = Wx +-r

9.678 XO.0452
M = 1447 X0.045 + 7"

52
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M = 65.1247iVm

^ 32

3.142X0.04S3
32

= 8,9473 X10"6

Shear stress |

(3.33)

S=-

1 .

~ 1.2568 X10-3

= 1154805.856iV/w2

Maximum stress

c _1 \( 65.1247 Y+ (1iq4«05.856)2
$Max 2>j V8.9473 X10"6/

1.3335 xl012iV/w2
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1 „ DescriptionofMacMnea.dModeofOpera.ion

The

and chambers.

1. The heating chamber

• Hopper

• The heating element

- Insulator (rock wool)

• Stopper tray

2. The cooling chamber

• The mould

• Thewater tank

• The stopper tray

3. The size reduction chamber

• The shaft

• The blade

• The electricmotor

• The v-belt

• The concave

> The collector

i
r

I
J

I

i
i
i
t

4
1
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3

\
**u i nPF Recycling Machine Components3.2.1 Description of the LDPE Kecycn g

3.2.2 Heating chamber

j ^components found in the heating chamber are as follows;
• „ the LDPE is housed as melting takes place. I. is made-up of

' i Hopper. This is where the LDFfc2,mra*ickm«dsW.towithS.andt„eheatthatisheinggenerated. ;
„ .„.. This is found inside the hopper, it serves as source of

„ Electric Heating Element: This is iou' He.formeheatingchamher.EachoftheheatingelementislOOOW

„ Scree„:ThisiSfoundatd.elowerp.ofthehoppe,ha„owsthc,iquif;r,w
'*. CTh to the cooling chamber. It doesn't allowdensity polyethylene melt to pass through to the cooling ^

unmelted LDPE to pass through.

32.3 Cooling Chamber. p^.Theseareinsenedinamoldfoundinmewa.r^meyaren.stuminshape

,• ,„d increase in me surface area .he pipes are nine in number,,. »
the surrounding and increase in u

also made ofmild steel.

' .erfora.ionis.al.owwaterflowmandoutofdiemoldandnottoallowwarmwa.er
to be retained around the pipes.
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a .h» «-reen beneath the hopper. It„ „ This is found below the hopper after the screena water Tank: Th.s.sfou dfor the cooling .o flow in IV04.hei encloses.hemo.d.l.allowswa.eru.a.wHlbeusedfo
, cteru.nkandou.ofu.ecoolmgchamber.
•' u- rt cmnlies water to the ;watcrOuterWaterT.nfcXhisisfoundou.ideu.mach.ne.l.supphes ^

IV
I ^UimecooHngchamberofuremachine. |

j i
3.2.4 StaeKedMtioiClnmber |

1 , • ftw shredding chamber, ft rotates„ Shaft: This cuts across through the central axis ofthe shredding |
1 acarries the blade that shreds the already cooledj with the power of the motor and carries the

LDPE.

111.

Cuttle: This islocated atintervals on .he shaft. 1. shreds .he LDPE.

3.2.5
Mode of Operation of the Machine

Chopper forms the opehing through which the polyme. materials are fed. The
Heating Cements and the wall of the hopper complement .eh other such that when
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Z rcmOTe and the melted materia, «ow mrough the hopper to the co^gLertememo„,Waterisp^direet,aroundtomou,dtthe,pmcc^
i^tv This process makes the material to solidifyof the material by convection to solidify. This proc

•ua heln of the water around the mou dandmside the mould and form lumps with the help of the w , ^
make it ready for proper grinding.

• the shredding pulley receives directly from prime mover
One of the grooves in the shredding pui y ;

. • a~ to theshaft anda rotating motion is(ElectricMotoOftomwhichhansmissionismadetotheshafta j
k M- . blade through v-bel«. This machine is simple to^cateimpacted on the shredding blade tnrougn

326 Maintenance of (LDPE) Recycling Maclitae

1 fc.^-*—^w-->—^t^
provision.

• ^ tu;c oive room for changing! damaged
♦ Bolting of me bearing housing on me main frame, ft. *» room ,̂

) bearing.

Schedules for the Machine Is1 3.2.7 The Recommended Maintenance

j . checkallthebohsandnutsandtightenlooseones

• Check all bearing for damage

. Check all heating element for damage

. Lubrice .he machine wnh silicon oi, to preven. polymer materia, from s.f„g . -
machine before every recycling
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\
i

2

*

4

i
r

•4

Stop the machine
and check if the bolted components are

intact. Ifnot, tighten the lo|ose

djustment and/or replacement.
bolts and nut and make other necessary »

Open the shredding

Clean other parts ofthe machine.

Lubricate all the bolts and bearings.

chamber and clean all the trapped materials.

58

TT"!

I!



CHAPTER FOUR

4.0 RESULTS AND DISCUSSION
41 presentation of Results

Form

Time(mint)

} o-30min

30-55min

55 - lh 38min

Ih38min-ihr43min

Stages

Melting

Melting

Cooling

Cutting

Semi solid

Liquid

Solid (lumps)

Solid (pellet)

\ "l;helotal time taking fori^^u^^

\ 4.2 Melting efficiency
I

Tr] Efficiency =^

Were, Tr. ti.eore.ical .ime required for melting (Janssen. 2009)

T. =actual time used in melting

Since Tr=45minute

Ta=55minute

45Therefore —x 100

59
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1

I

81.8181

81%

4.3 Cooling efficiency

j Janssen

*

\ cr =cooling rate

(2009) Cooling takes 50% period ofmelting

^a

=actual time used in cooling

} Therefore-

£Lx 100
Ca

I =H^xl00
i 43

i

! =52.32558

= 52%

4.4 Recovery efficiency

1 SincethematerialfeedintothehopperisSkg

3 " on,| The output after grinding is 3.21kg

I Efficiency =(-^T)xluu
3

Efficiency =(-^) x 1UU

-:700,72%
60
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., Discussion ofResultt ,tthemateria,s,me,,ngprocess.kesplace.Min,t,alme,t,ng,a
; «-*——•rf-7t;fc;ctthat heat from the heating element haf not

] Thougntn time of agglomeration is
onn<» "the optimum time 01 <tgg ,1 A,so the iime reouh. for coding by (Janssen 00, P ^ ^

? n- „ r,mress" but due to the cooling ^

1 water was flowing, tnere wa _< •„ oltoBra.eThereforei.teokabou.43min„te.osol.d,fy.
i period and reduce cooling rate, in /„'..itthendroptoti.ecuttingchamberwerethes.ewasrpduceto
! Afler the material was cooled, ...hen drop j

| _

j 46 CostAnalysis • ; •
• •«, out and was locally sourced for .he conditions off

vmious machine parts are^ J ^ ^ ^ ^ design
-**"amate: "Iria, serviceabili, of par. and mo, especially ^ailabili.y
^^:^'—"f-rf material were consider, ftroug ^^ ^

———;T1—--H—'speeification led ,0 the selection of m.,d steel, ^

61
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1he cost

ycling machine is categories into
ofproducing this LDPE rec;

1. Material Cost

2. Labour Cost

3. Over head Cos

4.6.1 Material Cost

The table 4.2 below shows (he various materials
Ms purchased and used for die projecworf based

j on their present market value

MaSi^-^^ Quantity

Mild steX'Gatu^iF"-^ 4

sheet

s/No.

J 1

\
i

1 2
1

1
3 3

I *
J

Heating

element

2000watt

Solid shaft 3.5cm

Electrode 8mm metal 3packet

Paint Enamel &ey 4Uter
green

Angle iron iV-h 2length

Sheet G^ge 14 3

1

62

Amount=N= rYice=fN=

-5500— 22,00P

1000

4000

900

2500

1500

5100

2,000

4001)

18Q0
i

50(i)0

3o;oo

15,300



Angle iron

Stainless steel 8mm

electrode

2.5mm

metal 2

I 9

10

11

12

13

14

15

16

17

Wires

Plug

Rockwool

Angle iron

Iron rod ™™m 2

Quartered 2.5mm 5

2 '
Connector

Sinless steel Gauge 14 Quarter

13 amps

1 inch

thick

18
Pulley l2mm

19
Belt

20
Electric Motor 2hp

21
Ballbearing 3.65B

22
Silicon oil

4 yards

3 '

1 carton

63

400

100

18000

1300

1000

800

200

21,300

1600

300

18000

2600

2000 ;

4000

400

21.300

500 , 1000

800 800

23000 23000

400
800

2000 2000

r



I 21
24

Transportation

Miscellaneous

21530

13,770

nt of the low density polyethylene

.ecycling machine, it is necessary

costing and fabrication,

inflation rate.

v ,ed .o change depending on die marice, .rend and periodic
and it is subjected tocnange u v

4.6.2 Labour Cost

Labour cost involves the cost

ofthe material cost.

ofcu.ting,machin-,ng,we.dingandpain.in,l.«kesah„u.23.42%

Therefore,

23.4- 172 000Labour cost =^-X1/^'uuu

= 40282.4

=N= 40,282

4.6.3 Over Head Cost

This involves the cost

material cost.

of transportation and other miscellaneous.

Over head Cos. =^x 172-000

64
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= 17784.8

=N= 17784

Total cost =Material Cost

=172.000+ 40,242+ T7.784

+Labour Cost +Overhead Cost

=N=230,026

• „aiv«s of the LDPE recycling machine
47 Economic analysis oixne*.

" • „ ^trueworthoftheinvestmentisregardedashow
. mv^tment economically, the true wuu

In analog any investment
it wUl generate and how soon after the original capital

t much income

\j Therefore, it is desirable that any
} years of its life.

h-ne the income is viewed as producing anew product and reducing" For the LDPE recycling machine, the incom

environmental pollution.

u a. hut it is assumed it is more economical as it savescould not be made but it is assume

pollution.

investment generates large share

65
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CHAPTER HVE-

5.0

CONCLUSIONS AND
^COMMENDATIONS

1

1 e 1 Conclusions
I 51

Conclusions . havC thc ability to
• , nf the recycling m*cnin

Wlealowdensi.yPO^en.lenaH.D )
to form pellets- dM „o. achieve par. »f *= ^"

elective. The cooling chamber did no. prov

* efficiency was achieved by aHigh recovery efficiency

^««nce'- '. ^experimera results of the recycling

.—-•-^tn-«———•""^clingmaclune^^.m^
"1S72% .ULDPE)suchas.imeton.cl,coo,ing—s,cd-si.

-M"dMOOOf^aff-.eperformanceofmerecyc,-,ngmachine.
ofsiCTearemachineParametermata
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5.2 Recommendations

For further work and research into this project, the following are recommended

Based on the overall performance indices of low density polyethylene recycling machine

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

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

Adesign ofexternal tank with apump flowing through the cooling chamber will increase

the rate ofcooling and increase the efficiency.

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

The use of stainless steel is highly required for all internal component of the machine to

increase the efficiency.

It could be recommended that for a faster rate of melting the number of healing elements

could be increased and for efficient heating there should be proper supply ofpower.

70
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