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| ABSTRACT

~The desrgn, development and performance evaluation ofa low density‘ polyethylenel;
(LDT’E) recychng machrne were carrled out in this’ study followmg 51mp1e standard
engineering principles The recycllng process of polyethylen'e isa”imed'at reduCi‘ng the
menace of Waste polythene to agrlculture as well as the envrronmental pollut1on and
hazard caused by 1mproper dlsposal of used polythelene The developed LDPE
recycling,machine can re(:ycle used packaged water sachets 1n three stages The ﬂrst
stage is the meltlng stage where the polythelene is melted at a temperature of 115 C
the melted polythene is- then cooled by convent1on us1ng water as a coolant. The final -

stage is the size reduct1on or recovery of the cooled materral The machlne has a
power requlrement of 2 kW a cuttmg speed of 1450 rpm, an mput capaclty of 5 kg
and an output of 3. 6 kg, a meltmg efficiency of 81%, coohng efﬁclency of 52% and

cuttmg efﬁcrency of 72%. vThe developed machlne can effectrvely recycle used water

sachets. For better performance, itis recommended that the coolant be recycled
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' CHAPTER ONE Gy

10 INTRODUCTION

Plastrcs are orgamcpolymerrc materrals consrstrng ofglantorgamc rnolecules‘ (Source =
“'_Mlcrosoft.Encarta 1998) : | | | -

Plastrc mater1als can be formed 1nto shapes by one of a Varrety of processes, such as» l
/ " extrusmn ‘moldrng,r castrng or splnnlng Modern plastlcs (or polymers) possess a number of s

: extremely desrrable characterlstlcs hrgh strength to werght ratro, excellent thermal propertles

,electr1cal 1nsulatlon resrstance to ac1ds alkalrs and solvents, to name but a few These polymers

.are made of a"series. of repeatmg unrts known as monomers The structure and degree of e

polymerrzatron of a grven polymer determme its characterrstlcs L1near polymers (a smgle lrnear -

‘chaln of monomers) and branched polymers (hnear with 51de charns) are thermoplastrcs wh1ch |
: soften when heated Cross l1nked polyrners (two or more chams Jomed by srde cha1ns) are’
thermosettrng, that 1s, they harden when heated (Source Vogler Jon Small scale recyclmg of :

: plastrcs Intermedratp Technology Publrcatrons 1984)

<

1.1 i 'Backgrou’nd to the S‘tudy.

Varrous forms of plastrcs are ubrqurtous 1n today Most plastrcs can be ’succes‘Sfully.’

' recycled Low densrty polyethylene (LDPE) is a type of plastrc whrch research has shown has 1ts_;,‘}

: largest smgle use is packagrng It is: used to package consumables glossarres, portable sachetgf‘f' e

L 'water, torlet rolls krtchen towel magazmes, bread, and frults It can- also be used to wrap‘ e

%

fsandwrches and snacks It therefore holds that among other sol1d wastes that ‘man generates

polyethylene has a hrgh percentage (Source recyclmg Texas somety of professronal engmeers L

‘1997)




Unfortunately, drscarded polyethylene is. also a maJor envrronmental problem’v

consrdermg that 1t 1s non—blodegradable It chokes waterways, pollutes streets and takes up -

prec1ous space in landﬁlls Research has it that only about 3. 5% of all plastrcs generated are(,’A
" recycled compared to 34% of paper 22% of glass, and 30% of metals Plastrcs recyclmg only -
*mlmmally reduce the amount of V1rg1n resources used to make plastlcs Recyclrng papers glass Gl

and metal materrals that are easﬂy recycled more than once, saves far more energy and resources o

* than dre saved w’iﬂ; plastics 'recycli‘ngf"(volger 1981).

S

12 'Stat‘etment,"v of th’e Problem

’In western countrles plastrc Jconsumptron has grown ata tremendous rate over the past "k{ .
two or. three decades In the consumer socretles of Europe and Amerrca scarce petroleumh'w
resources are used for producrng an enormous yarrety of plastrcs for an even wrder varrety of
products Many of the apphcatlons are for products Wrth a lrfe cycle of less than one year and 2
then the Vast majorrty of these plastrcs are dlscarded Plastrc wastes are maJor env1ronmentalf' G

.fm

problems wrth non—blodegradable plastrcs chokmg waterways pollutmg streets and takmg up

- precrous space in- landﬁlls (durnpmg ground) Plastlc htter poses serlous health and ecolog1cal

issues like;' 1

P Offers breedmg places for the mosqurtoes that are the carryrng dengue and malarla L
o Is berng eaten by cattle and w1ld anrmals and endangers the1r hves f
“ Where 1t 1ays 1t stops Vegetatron from growmg, thereby affects plant growth

" " Washed down by rain, 1t obstructs dralns and prppms causrng ﬂoodrng




e Washed down along rivers, it ends in the sea where b1rds and ﬁshes eat 1t or 1t 1s tornj’ o

,Apart in thousands of small p' ces and slowly releases tox1c chemrcals 1n the water (source

r'_Vogler,l981) e s

More serrous problem wrth plastrc waste concerns the addrtrves contarned 1n plastrcs

B ’These addrtrves 1nclude colorants, stabrhzers and plastlclzers that may 1nclude toxrc components £

such as lead and cadrmum These addrtrves are washed 1nto the sorl thereby makrng 1t unsafe and‘ e

| Vtoxrc for agrrcultural practrces and washed 1nto streams and r1vers by rarn, whrch are the major:i» s

tsourees of water for agrlculture especrally n deVelOng Countrres Studres 1nd1cate that plastrcs"« S

contrrbute 28 percent of all cadmrum 1n rnunrcrpal sohd waste and about 2 percent of all lead*
Researchers do not know whether these and other plastrc addrtrves contrrbute srgmﬁcantly to*:v :
products leached from munrcrpal landﬁlls

1.3 Ob]ectlves of the Study

~ The objectrves of thrs pl'O] ject work are:

1 . To desrgn a low densrty polyethylene machme
2. 1 To develop the desrgned low densrty polyethylene machrne‘} i

3, To carry out a performance evaluatron of the developed low densrty polyethylene‘ o

i

ﬁ ,machine y

| 14 Justlficatlon of the Study
| Polyethylene (plastrc) 1s not brodegradable ie. 1t does not decompose easrly hence whenv, “

itis drsposed mto landﬁlls 1t poses a. great problem to agrrcultural actrvrtres in Varrous ways Thrs

: | or a study on how to rGCycle thrs waste.
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CHAPTERTWO

20 LITERATURE REVIEW

2.1‘: Concept of Machme Desxgn
Machme des1gn is the creat1on of new and better machmes or 1mprovmg on exrstmg ones A new B
.Jand better machlne is one whrch is more economlcal in the oVerall cost of productlon and

| ‘operatron (Krurm and Gubta 2005)

The process of des1gn begms w1th the conceptlon of an 1dea itis taken through furtherf.x £
: .study keepmg m mmd the commerc1a1 success and grven shape and form in the form of o

| drawmgs 1In the preparatlon of these drawmgs the ava11able resources (human ﬁnance and'f’».

materral) must be taken 1nto consrderatron thrs is to fac111tate the successful completlon of the

prOJect It is 1rnportant also to have a good knowledge of subjects 11ke Mathematrcs Theory of L

oMachines, Workshop‘ProcesSes;, andu Engmeer'_mg ’DraWrng.

22 Types ofMachine DeSign AR S e o e " l

| Machme de51gn can be cla351ﬁed into:
2 2.1 Adaptlve De51gn. ThlS entarls the adaptatlon of exrstmg des1gns Thrs type of desrgn ly i ‘
needs no specral knowledge or skrll and can be attempted by de51gners of ordmary technrcal "‘j:

trammg The. de51gner only makes mmor alteratlons or modlﬁcatlon in the ex1st1ng de51gn of the o

vproduct;‘

222 Development Des1gn' thls requlres a consrderable screnuﬁc trarnmg and des1gn ab1llty 1n>

'order to: modrfy the exrstmg des1gns 1nto a new 1dea by adoptmg a new materla “or drfferent : ;

i

methods of manufacture In th1s case, though the desrgner starts from ex1st1ng de51gn but final :

B product may dlffer qurte markedly from the orlgmal product




2. 2 3 New Desrgn. a new d651gn needs a lot of research technrcal ablllty, and cr"'atrve
f"‘thrnkmg Only those desrgners who have qualrtles of a sufﬁcrently hrgh order can take up thed': t;
" work ofa new desrgn | ; o S ’

| In desrgns generally, the type of load and the stresses caused by the load motlon' part o:
Akrnematrcs of the machme, selectron of materlals, form and srze of parts frlctronal resrstance and

lubrlcatron convement and economrcal features use of standard parts safety of operat on Y

workshop facrlrtres cost of productron assembhng and number of machlnes to be manufacturedf o

R

must be put into consrderatron

B ’, 23 General Procedure for Machlne Desrgn

' Although there is no r1g1d rule in des1gn of machmes desrgn problems may be attempted e

“in several ways the general procedure to solve a de51gn problem is as follows
'Recogmtlon of Need: Frrst step in desrgn is making a complete statement of problem
Mechanlsms Select the possrble mechamsm or. group of rnechamsms to be used

: ~Ana1ys1s of Force F1nd the forces actmg on each member of the machrne and the energy‘:"’*"«

ok

transmrtted by each member

Y

r«‘".

Materlal Selectlon Select materrals surtable for the each member of the machme
‘De51gn of the Elements Find the size-of each member of the machme by cons1der1ng the forces""""
actmg on the member and the perm1351ble stresses for the materrals to be used

‘Modlficatlon' Modrfy the 31ze of the member to’ agree wrth the past experrence and Judgment to | o
facrhtate manufacture : e S | i ‘ ‘ |

’Detalled Drawmg Have a detalled drawmg of each component and the assembly of the machlne
wrth complete specrﬁcatrons for the manufacturmg processes ‘ :

Productlon' The component as per -the drawrng is manufactured in the workshop.' ‘




24 Defnion ofPoyeibylene

‘ Polyethylene is a thermoplastrc polymer consrstlng of long chams of the monomer %

f "a_eommon name ethylene) C2H4 is. CHz—CHz, has two CHz groups eonnected by a double bond asif?__,f

, shown in Frgure 2. l (Lotﬁ 2009)

| Frg 2.1: Cheﬁllcal, Structure of Bolyethylene‘

25 Typesof Polyethylen‘e“

Polyethylene 1s class1ﬁed 1nto drfferent categorres These categorres are based mostly on‘ therr'vu

: densrty and branchmg They mclude : k
2 5 1 Ultra ngh Molecular Welght Polyethylene (UHMWPE)
U Thls 1s a polyethylene wrth a molecular welght numbermg 1nlthe mlllrons ‘usuallyf\:
between 3. l and 5 67 mrlllon The hrgh molecular we1ght makes 1t a. very tough materral butf':': ;": {
: fresults rn less efﬁcrent packmg of the chams 1nto the crystal structure as evrdenced by densrtles?

"‘of less than h1gh-denstty polyethylene UHMWPE can be used in can and bottle handl1ng‘l' 'v,

- machme parts movmg parts on Weavmg machlnes bearmgs gears artrﬁcral Jomts edgei-' s




' protectron on ice- rrnks and butchers chopprng boards It competes wrth Aramld in bulletproof '\; T
”vests under the trade names Spectra and Dyneema and is commonly used for the constructi’ 0

\-J

a partlcular portrons of 1mplants used for h1p and knee replacements
2 5. 2 ngh Densrty Polyethylene (HDPE)

Thrs has a low degree of branchmg, stronger 1ntermolecular forces tensrle strength a:

. densrty of greater or equal to 0 941 g/cm and can be produced by chromrum/srhca catalysts

- ,Zregler-Natta catalysts or metallocene catalysts HDPE 1s used 1n products and packaglng such as e
) mrlk Jugs detergent bottles, rnargarlne tubes garbage contamers and water p1pes One th1rd of allyf, i
: ,toys are‘ manufactured frorn HDPE | | |
2. 5 3 Cross-Lmked Polyethylene (PEX or XLPE)
Thls is a medlum- to h1gh-dens1ty polyethylene contalnlng cross 11nk bondswr
mto the polymer structure changmg the thermoplast 1nto an elastomerrc. The hrgh—temper ture‘““
3 propertres of the polymer are 1mproved 1ts ﬂow is reduced and 1ts chemrcal resrstanc

enhanced PEX is used in. sorne potable-water plumblng systems because tubes made of they".

' mater1a1 can be expanded to fit over. a metal nrpple and it wrll slowly return to 1ts orlgrnal shape

forrnrng a permanent Water-tlght connectron

2.5. 4 Medlum Dens1ty Polyethylene (MDPE)

Thrs is deﬁned by a densrty range of 0. 926—0 940 g/cm It has good shock and drop’

3

resrstance propertres. It also is less notch sensrtrve than HDPE and stress crackrng resrstance: .

better th : HDPE MDPE is typlcally used 1n gas prpes and ﬁttrngs sacks shrrnk ﬁlm i:;

packagrng ﬁlm carrler bags and screw closures




. 2 5. 5 Llnear Low Densrty Polyethylene (LLDPE)

) ,particularly ﬁlm for bags and sheets Lower thrckness may be used compared to LD‘}
,covenng, toys hds buckets contarners and plpe whlle other apphcatrons are avallable
s 'u';ed predomrnantly m ﬁlm apphcatrons due 1o its toughness,,z

| transparency Product examples range from agr1cultural ﬁlms ‘saran: wrap, and bubble wrap to

. multr—layer and comp031te ﬁlms In 2009 the world LLDPE market reached a Volume of almost |

24 b1lhon US dollars (17 bllhon Euros)

25, 6 Low Dens1ty Polyethylene (LDPE) ‘
Tlns 1s deﬁned bya dens1ty range of 0. 910—-0 940 g/cm3 LDPE has a hlgh eg ee.of short

and long cham branchmg, whrch means that’ the charns do not pack 1nto the crystal 'structure as

well LDPE is used for both r1g1d contarners and plastrc ﬁlm apphcatrons such as plastlc ags

k:‘andﬁlmwrapg | ‘k | | o | : =

| 2. 5 7 Very Low Dens1ty Polyethylene (VLDPE) ‘
Thrs is deﬁned by a dens1ty range of 0. 880—0 91 5 g/cm Most commonly produced us1ngi'ﬂ'

metallocene catalysts due to the greater co-monomer 1ncorporat10n exhrbrted by these catalysts ‘

VLDPES are used for hose and tublng, ice and frozen food bags food packagrng van stretchﬁ

wrap as well as 1mpact modrﬁers when blended wrth other polymers

“Source\H A. Favre andW H Powell (2005) |

26 Physrcal Propertles of Low Densrty Polyethylene

The meltmg pomt for average, 1ow-dens1ty polyethylene 1s typrcally 105 to 115°C and

S ’when mcmerated polyethylene burns slowly w1th a blue ﬂame havmg a yellow t1p and grves off




an odour of parafﬁn The materral contmues burmng on removal of the ﬂame source and
3 produces a drlp of molten polyethylene. Polyethylenes are generally strong, tough and clear_,

except for Polystyrene whrch can be easﬂy formed

Concept of Recyclmg Low Dens1ty Polyethylene | S

Polyethylene recychng is the process of recoverrng scrap or Waste plast1cs or polyethyle.
| and reprocessmg the materral 1nto useful products, sometnnes completely dlfferent in fo
,thelr or1g1na1 state For 1nstance, thls could mean meltrng down soft drmk bottle 0 :
- Waste and then moldrng them 1nto plastrc bottles packagmg bags, or as rayy rnaterlals 0! other 4
fproducts Typrcally a plast1c is not recycled mto the peof ‘ i "
, recycled plastrcs are often not recyclable For a recycllng process to be successful the supply of

used plastrc has to be of a large quantlty, whlch is collected at certam areas Once the plast1 is

collected the sortmg and separatrng process begms The sortmg and separatlng proc s depend :

7 sort1ng and separatlng process these codes helps most in the sortmg and separatmg proces The

polystyrene labelled PS polypropylene, labelled PP and polyethylene terephthalate label_d

: PETE ‘These names and labels can seem confusmg, but they are a necessrty in the recycllngff‘ o

| 'process The plast1c recychng codes came from The Somety of Plastlcs Industry, Inc. (SPI) that . 5

E mtroduced 1ts resin 1dent1ﬁcat10n codmg system in 1988 after lobbymg by recyclers Th1s code‘r

o

‘helps in 1dent1fy1ng plastlcs and helps in sortmg for recychng The recyclrng codes are explamed" , ’

n the table,belowz




" Ném‘e‘of l"lk'dsti\csk{ |

PolyethyleneTerephthalate, PETE

e

Polystyrene, PS

Other

OTHER

i

Table 2:1 plastrc recychng codes (Source practrcal actron, 2009)

: process whlch can be accomphshed if the polymers‘have not been Wl, |

£

syntheucs If the cross-hnkmg of polymers contarns too many synthetlcs, ‘rhe polymers,

pellets whrch can be further used as raw’ materrals in fertlhzer compames or plastlc productlon

industries.




ere are- four types of recyclmg processes that usually o‘ccurrn plastrc recychng’thr o
' i‘rncludes prrmary, secondary, tert1ary, and quaternary recychng process. The pnmar*‘i rec yclmg.
“process is (the recyclrng of materrals and products that contam 1m11ar features of the orlgrnal
produc'k.‘ Thrs process 1s only fea31ble w1th setni- clean 1ndustr1a.1 scrap plastlcs Therefore tlns
‘_fprocess rs not w1de1y used. Secondary recychng allows for a hlgher mrxture of combmatlon “

‘ levels in plastrcs When the secondary process of recyclmg 1s used 1t creates products such as ‘\;_‘

‘ jfence posts and any products that can be used in. the substrtutron of wood concrete ;and metal“ G

"f.The low mechamcal propertres of these types of plastrcs are the reason why the above pr‘ ducts o
s are ‘created Tertlary recychng is occurrmg more and more today because of the need to adapt _‘to
he hrgh levels of waste contamlnatron The actual process mvolves producmg basrc chem,ﬁ cals
< and fuels Tfrom plastrc The last form of recychng 1s the quaternary process Thrs quaternary "
: process uses the energy from plastrc by burnrng This process 1s the most common and wrdely‘,'
- used 1n recychng The reason thrs process 1s wrdely used 1s because of the hrgh heat content of -
) :most plastrcs Most 1nc1nerators used in the process can reach temperatures as hrgh as 900 to

o 1000 degrees Celsrus For the sake of the env1ronment the new techmques bemg usedf’wrth the e

mcrnerators have decreased the amount of air pollutants be1ng released

o 2. 8 Types of Plastlc Recyclmg

2 8 1 ‘?Mechanlcal Recyclmg




Technology 1s berng 1ntroduced to sort plast1cs automatrcally, us1ng Varrous

such as X ray ﬂuorescence 1nfrared and near 1nfrared spectroscopy, electrostatrcs andf

’«Followrng sortrng, the plastrc 1s elther melted down drrectly and moulded 1nto a ne,,

melted down after berng shredded 1nto ﬂakes and then processed 1nto granules called regr v

42 8. 2 Chemlcal Recyclmg

Chemrcal recyclrng descrrbes a: range of plastrc recovery techmques whrch break down

,polymers 1nto therr constrtuent monomers and . turn can be used agarn in. reﬁnerres or. 7

, »petrochemlcal and chemrcal productron A range of chemlcal recychng technologl S

berng explored These mclude pyrolysrs, hydrogenatron ga51ﬁcat1on and th rmal crackmg _ff‘" i

R Chemlcal recychng has a greater ﬂex1b111ty over composrtron 1s more tolerant to 1mpur1t1esthan‘fv

echamcal recychng, although 1t 1s caprtal 1ntens1ve and requlres very large quantltres of used:

&
|4

v plast1c for reprocessrng to be economrcally v1able

ER

2. 9 - Classrficatlon of Plastlc Wastes i 8

Plastrc wastes can be classrﬁed based on the1r sources as follows

291 Industnal Waste (or prrmary waste) is often obtarned from the large plastrcs processrng,‘ =

'W rnanufacturrng and - packagmg 1ndustr1es ReJected or. waste materral usually has good*’t

pH

characterlstrcs for recychng and wrll be clean Although the quantlty of materral avarlable 1s3" F"

sometrmes small the quantrtres tend to be growmg as consurnptlon and therefore product1on e

inCreases. .

2. 9 2 Commerc1al Wastes are wastes obtamed frorn workshops artrsans shops, supermarkets:;':'

‘and wholesalers. A lot of the plastrcs avarlable from these sources wrll be PE but often‘b"“ .

~ contaminated.




. ‘2 9 3 Agncultural Wastes are wastes obtamed from farms and nursery gardens outsrde the

i

: urban areas Th1s is usually m the form of packagrng (plast1c contamers or sheets) or

: materrals (1rr1gat10n or hoseprpes)
; '2 9 4 Munlcrpal Wastes are wastes collected from re51dent1a1,areas (dome_’stic;or»
s streets parks collect1on depots and Waste dumps. In A51anic1t1
common and can be collected from the streets or from households by arrangement Wlth th
; ’househ(‘)l‘ders'.‘, | ’ | | | |
j(Lardlnors 1995) ‘L
2 10 Rev1ew of Related Works
Smce ‘a hrgh percentage of domestlc Waste 1s made up of plastlcs | whrch*arel geﬁérauy_
: i known to be non blO degradable (they cannot be eas1ly broken down by bacterra ‘thereby
; occupymg landﬁlls and causmg env1ronmenta1 pollutron In Europe and ' apan there are les an
that can be used as landﬁlls thls has gmgered a great deal of 1nterest in: recychng"Dr P. 'J
' “Barham of Unrvers;rty of Brrstol gave an optlon to produce polymers that*f arei’ ruly‘
blodegradable and Wthh may be used i in the same apphcatlons as exrstrng polymers He fu
| '“stated that such materrals mrght be processed through the melt state that they are 1mpery10us to ’!;
{water and that they retarn thelr 1ntegr1ty during normal use but readlly degrade 1n a blologlcall
) : r1ch envrronment Polyhydroxyalkonates are a famﬂy of naturally occurrmg polyesters produced
‘V1n the form of carbon storage granules by many bacterra. vZeneca Bro products are currently“
| ’\ producrng these polymers on.a p1lot plant scale under the trade name BIOPOL The Brrstol'
" Polymer group has been act1vely 1nvolved in the development of these polymers, especrally m; 1

- deteMmmg opt1mum processlng condrtlons




At Polymer Technology Center (PTC) Department of Chem1cal Engmeermg, North- ; "
']ﬁl‘western Umversrty' a, patented breakthrough technology for plastrcs recychng has been‘;‘i»k
"developed that elrmrnates sortmg by type or by colour 1n recyclrng process ThlS technology
called Sohd State Shear Pulverrzauon (S P), isa contmuous one-step process for recyc ing
;;iunsorted pre- or post consumer plastrc waste Unhke conventronal recyclrng, S P produce g
:umfonnpowders that can be used to. make a var1ety of h1gh—qual1ty pro‘ucts S3Pia ubjects"‘(r

polymers to hrgh shear and hrgh pressure whrle raprdly removrng frlctlonal heat from the process "

E plast1c scrap, and Vrrgm resms to a un1form, l1ght-colore’d;‘ p,art‘ially reactiyef powde’f of controlled

' part1cle size and partrcle s1ze d1str1but10n These powders are’ sultable for drrect melt c Anyersiﬁon:f

8 by all exrstlng plast1c processmg techmques

| | on plastrc recyclmg He recycled plastlc and mlxed 1t w1th cement to produce br1cks
plastrc m1lk cartons and plastrc two llter pop contamers and mrxed thrs,i w1th cement tof’ ”
B brlcks He then made three brrcks wrth drfferent amounts of plastrc ‘mrxed \ ;

: brrck was made w1th the most plastrc. The second had half as much The last brrck had noi’;‘

s 'plastlc l—le left them outs1de for four months and exposed them to snow, ram and sun After four‘ 3

months He pumped water over the brlcks for two weeks The water wore away the brrcks andtv' e

show 'hbw much erosron effect 1t d1d The results were that the brrck w1th the most plastlc mlxedéf L

in showed the least'amount of ‘er'osron-.;




HAPTER THREE
MATERIALS AND METHODS
Theoretlcal Background
i The desrgn and development of low dens1ty polyethylene recyclmg machme has ma ly the - |
,. meltlng, coolmg, and the recovery un1t Heat is apphed to completely melt the waste polyt 1
-?after wh10h the molten polythene is cooled ina mould made of steel by conven ion y A
as coolant 1o form lumps the ﬁnal process lnvolves the s1ze reductlon where the | Umps ar
& brokendown 1nto small 51zes and the broken pleces wh1ch 1s 1n form of pellets are al 0

- pass through a wire mesh

:’ The low dens1ty polyethylene recyclmg machme cons1sts of the followmg ‘major

cOmponents. :

: "*3 1 1 The Heatmg Chamber' ¢

a0, ¥ v{i’

- Hopper' : The hopper 1s essentlally the component that a1ds the 1ntroduct1on‘ of the; :
Apolyethylene«to be heated up, SO that 1t can be melted The constructlon of the hopper is :
| made from mlld steel sheet and weld to the coolmg umt It is a square at the top and‘

t'bottom of d1mens1ons 49cm by 49cm and 20cm by 200m respectwely w1th a helg,ht ofy

'Heati’n‘g Element: This device is used as a source of heat energy for melfing the
polyethylene
‘\'Sleve' Th1s matenals is used for the separatlons of sohd and l1qu1d polyethylene, 1t 1s

"lf‘, ;"' de51gned to allow only molten polyethylene flow through 1t




msulator is a materral or dev1ce that’ prev'entsg;or reduces th

,‘. ;Insulators. ' An

heat They are used to prevent heat loss thr

':iif».-ff'fk»Stopper Tray the stopper tray is used to hold back the melted Po 'ethylen ‘before.

i lﬂows 1nto the coohng un1t ,‘

312 The Coohng Chamber' .

"‘i“,Mould The mould was constructed 1n form of a frustumwrtha smalldrameter :

'4 and larger drameter at the bottom

an 1nlet where water enters through and outle )

‘;.Water BOX' The box has

> drscharge of water wrth a drmensron of 49cm by 49cm and ahelghtof lOcm

"'*Stopper Tray the stopper tray 1s used to ho

- ﬂo’ws 1nto the recovery chamber

313 ?;‘The Recovery Chamber°

’ Shaft A shaft 1s a rotatrng machme element that 1s us

ment has 18 metal blades '

| place to another The shaft used in thlS develop

part of a tool

’The Blade' the ﬂat sharp edged cuttrng

: ‘Electrrc Motor' ‘Thrs used to supply power to the shaft

V-belt A str1p of mater1al worn around pulley

The Concave' Curved 1nward lrke the 1nner surface of a howl or sphe

- _ides1gn to house the rotatmg shaft

The Frame' The frame is the component of the machme on whlch’ all otli‘e

- are mounted Therefore, the frame prov1des support for the machme. _




) : Materlal Selectlon

In every desrgn, the basrc cons1derat10n is the cost and avarlabrhty of materrals tob

g employed for the development of that desrgn Other parameter to b

“performance workabrllty, and weld ab1hty, so that spec1ﬁc purpose can be achleved

' selected materrals In the de31gn of thrs low den51ty polyethylene recychng rnachlne t

vpavarlablhty of requlred materrals were ﬁrst consrdered after whrch strength and its abrhty‘to

res1st heat were consrdered

All these consrderatrons and materlals specrﬁcatrons led to the selectr n of

| whrch is the most avallable and easy to work Paint was used to reduce rust ywrth tlme,

to beautrfy the work

3. 2 1 Parameters for Selectlon of Materlals

Durmg the materral selectrons, materrals that meet desrgn spec1ﬁcat10ns,

: obtalned from the desrgn calculatlons were selected thrs Was done to avo1d farlure of the

‘machrne components Also relatwely cheap materlals when compared to other ngrneerrng

mater‘ials that meet the desrgn constramts were consrdered durrng selection'."Ad' ‘1t10nal ’

'consrdered were

| 'fHealth Materrals known to be dangerous to health were avo1ded

The materrals selected must possess values of maXimum stress

¥

V _Materlal PropertleS'

S equal to or greater than those derwed analysrs and calculatrons

2‘

' Déterloratlve Propertles' Such as resrstance to oxrdatron corrosron or weathenng was

i cons1dered and taken care. of by parntrng of the ﬁmshed work

\ Manufacturmg Charactenstrcs Thls mcludes the materrals ab1hty 1o bfez wel dand

| vmachmed as most Jomts are to be made by weldrng




Cost The cost of Materrals and labour for the manufacturrng cost were con81dered S
Avallabrllty and Aesthet1CS° The avallabrhty of materrals and parts 1n the local LV

- market was consrdered

3.3 Mode of Operatron .
{ The basrc component of the rnachlne isa smgle shaft W1th unlform loadrng \ hrch T
| ; 'at 1450 rpm The shaft is powered by a 2 Hp electrrc motor through a v-belt whrch ransf 15 th
rotatron of the electrrc motor to the shaft The polyethylene is fed through the hopper
; elements wh1ch are mcorporated mto the hopper supphes heat to melt the materral T €
complete meltrng of the materral and enhanced efﬁc1ency, the heatrng un1t has avlst per atthe
o l‘baselrt stops the polyethylene from ﬂowmg until it has completely melted After the po yeth ene.
‘vhas completely melted the stopper is removed and the molten materral 1s allowed to fl ’
‘the moulds in the coolmg chamber Water 1s passed drrectly around the mould and:the
polyethylene 1s cooled through the process of conventlon trll is sohdrﬁes The coohn
“also has a stopper tray under 1t that is used to control the sohdlﬁed polyethylene w
stopper tray is removed the sohdlﬁed polyethylene falls mto the recovery chamber The proc
: of cuttrng of the lumps of the Low Densrty Polyethylene 1nto smaller pellets wrth the help 0 the.

’ cuttmg blade attached to the shaft drrven by the electrrc motor 1s carrred out Thrs maclnne 1s",

simple to operate whrle marntenance and adJustment requlres lrttle specrahst attentron i

T

34 i-“"fMéiifcliin‘e Hot)pér Design
> In desrgmng a hopper for a machine, an 1mportant consrderatron isto achreve mass o

ﬂow of materral out of the hopper thereby m1n1mlzmg arch1ng (1 e. where no ﬂow occurs) andf,' w

1

funnelling:_.(i.e. where ﬂqw ;may be reduced).' In add1t10n the hopper s strength and capacrty are :’f{';f,

r19




taken into consideration.

L oif the _sidés of the hdpper to the hbriz_

 hopper wall and the material. The designed hoppe
Fig. 3‘*1’aiidi’@i°-n§3i0hs'offthe hQPPfer {E ’

r and it dimensions are s

onfalfmﬁst be greater than the’ angleoffrlctl

hown in figure

In designing a ‘hbppef,' it is rcéoﬁiﬁléilded thatthe ‘ar‘i‘g,l’ef of i

nclin:

on betw

BRI




2

‘mass of material

_ jgrayitati‘or_ial foxCe |
Therefore,  w=232x107 x 9.81=0.0227529N -

Fg = 2.32x107x9.81 = 0.0227592N

‘Malss' of fnaféxial to be‘reéycled (m)=0.11 6kg

Eﬁ;pre;Sé‘ing theﬁlvalu‘e’ of '(m) in volume




Total volume (V) = 5“435,;>< 10%m3 +1.0869% 10°=1086.005435m’

£ 1086.91m’

= 5.435x10°

Takmg 20% to be factor of safety

V= 20 x5.435 ><1o'3 2

100

= 1.0869 x10” |

I\Jleltlng poi,rlt of Lew ,De‘rl‘s'ity Polythene is 1 15°C

(Source Mart1enssenW (eds) H wartime. 2005)

. - . . i

“Therefore, the quantity of he'atrequired to melt O ll6kg of the matenal is calculated thus

Using Q=MCAT

Q= quantity. of heat re'quired

. M = mass of material




C=2303KJ/Kg,

AT ;fch‘ange in téiﬁpcfafufe = (Tl: - Ty)

m temperature, T2 = melting‘temggrature) e

¥l

_m % 5Kg

. C=2303KV/Kg

. T,=25°Cor388K

115°Cor 388K -

Q= 5kg x 2302 % (115-25)
Q='103;:5.,9‘ka' L

Wattage (W) =Q/T-

quantty of heatrequired

T time taken in seconds.
W=10359K]
T5x60
W=3453

36 CoolingChamber
_ The'cooliﬁg chamber isa tank made of steel with diménsiqn'49;‘ém by49 cm by 10 cm.

'Vb‘yli‘i‘me'»ofva tank = Léngth X B“re’adth"k Height (LXB xH) kﬁ

= 49cm,5§ 49Qm X f10>crvnn

=24010cm’

£0.02401m>




37 Mould Deéign

Taking the following dimension for the mould
Diameter of the top = 3.6em =0.036m
Diameter of the bottom = 4cm = 0.04m

Height of thefrustum "= 1 Ocm = 0. lm

The total number of mould in the co'olihg_ é,h,ambe‘r'is nine (9).
The leurﬁe of a the moulds are calcylatéki?‘aé follows

Using V=n/3h R2+ P+ R x1).

Where ,
R = radius 'thhé top = 0018 it -

' r.—*—,yjradius of the 'béﬁofl} = 004mm

1= Height of mould = 0.0

Thefefore,

V=1 0.1 (0.043°+ 0,02+ 0.018 x 0.02)

— .01 (0.0004+0.00032+0.00036) -
3 . ; \h : N o v v i | N . . g \

=(0.000113516)

V=1135% 107m®

To,;cal; Volume = (vblume ofa frustxim x Total number of frustum)

L V=004 %9 ‘
=0381m°

Therefbfe; to determine the amount of water in the cooling charﬂn‘ber’_

24




i L T

Total volume of water = volume of a cuboids - total volume of the frustum:
Total volitne of water = (240.1 - 0.381) m’
=239.719m’

38 Rateof Cooling . *

| Q=MCAT

= 0°Cor 273K

T,=115°Cor 388K
AT=273-388

AT=-1550°C
S5kgx2302x-155
Heat loss = 1784.05KJ

{He'at Loss
‘Rate of cooling = heat loss
) Time[’

~ 1784.05Kg
0.01sec.

s
Y

310 Design Theory

If the 'cut"ting shaft is subj ected to twisting moment*Qniy;'

tr=1lj




M= bending ‘Irn'g')jm‘ent
o= bélﬁing |

Vg E moment of inertia“ =
y = distance from neutral axis to shaft diameter =

 16DVME+4T?
‘ T D‘i‘— d.‘gf} 3

, Forf‘cut‘t‘ing’ bladé,




Where,

M= bending mom“en‘t» :

3. 11 Cuttmg Blades on the Rotatlng Shaft

AhuJa and Shama 1989 estabhsh splke spacmg for hlS manually operated shreddmg machme at e

30 to 50mm. ’inos_;tj‘ ex1st1ng shredders have one legged splke In th1s de31gn one 1egged splke of

<

10cm * 100m Spaeihg is used. .

The cutting blade is made of mild steel with height H ~ 12.50m sin 60=10.8253cm

Diameter = 4cm

Mass of éach cutting blade = Volume % Density of mild steel
100.x 7850

785000K




342 Motdr—Cylinder Design Ca}gulati(m

‘Cy1inderpulléy o & S A Motorpulley

“Fig3 2 MQtor-Cyiinder Pulley Bevﬁlt Arfangemen‘t

DY/ D= NN

“Where,

Dlé dia‘méter of ‘mo’t‘or pulley = 12em
D2= digm” ter of the shaft drive‘n pulléy =7

Nl —:‘Speed Qf élecfric ‘m'o,tor,é—— 1‘450' rpm

N, = Speed of rotating shaft = 2000 rpm

From the equation;




If the diameter of th:e" shaft driVen pulley';is 9cm-

Speed of Shaft = 7x 0.09 x1450
. 0.0°

= 410.031m/s

3.13 = Angular Velocity of Motor-Cylinder Belt

W, =2 xq x1450
60

= 151.863 radls
W, =2 %z x200
60
209,467 rads
314 Power on Motor-éylinder Belt

Power = torque angurlaryfvelocity

R

- Where :

1, = radius of motor-pulley
Hence,

- 2
Power =tm wy =Wy 12

i Therefore,"power delivered by the motor
Pm= (1518637 x 012/2

= 1383.742 watts




i
L P >
“ . i

100><1383742 | | ‘ Rl

_ 1314555 watts : R g , e
Pev.ver:required‘driﬁrrgthe shaﬁ, e ‘ -. o | SR L
¥‘t97443.9018 watts T N o | e |

3 15 Cerrtre-Dlstance of Motor-Shaft Pulley Sae S FRE e e ’
The centre.—distarrce is obtamed from the relat1on CD= max (2R 3r + Rj ' | ) (331) '
:Whefe,'CD#lCentre diﬁstance o o | e : 8 e |
v Radrus Q;f 1arge pultey ; v P - ,’ ci r‘ :
R; Radlus ofsmall pulley : E - - e i ]
‘From the eqtratron above two centre drstances will be obtained, ‘but the larger is chosen f‘
| That is CD max %113,_ 35?-1 ' | i
T}CD'=rri"aX:(0k.120, 015 Sl e e e
CD= 195rnm (whrch is equal to the 1arger certtre d1stance) S i B
| Note: the centre drstance should not be greater than three tirrkreys‘ ttie sum of th‘e"fshea'\"(e dlameters < ﬂ

or less than the diameter of the larger pulley.




L e | B io R
=x + 2sin “1}{_ }. .
(1953

~11965°

Angle‘()f‘ contact of smail pulley = = - 25in
_4 (120-90)
© o 2(198)

=.5.681°

317 Length of Motor-Shaft Pulley

Length of belt, L= -;5 (D1+D2) +2CD+* E;;B

B4 (120 +90) +2 x 195+ £

L = 438.28mm

- PR

The length correction factor Ky, = 0.84 (from tables)

[ -43828%0.84

L = 368.158mm

1 (D-dy
200




| 318 ~Détérmination of Weight of Pulley

v ;
of V-groove Belt

Fig3.3: Cross-Section
Width of the belt; w1 = 13mm
'depfh of the belt; t = $mm

Nomiinal

Sleeve g’foové angle = 40°

Density of thé leather belt =P

© (Shaun series) .

From the above,

EXB&&&}

depth of the belt, T =

wy = 5.83mm

- The Cfréss-sebtional area of th

— 970Kg/m’

e belt can be c‘alculatéd‘ as;




9.415 X 8

‘75ﬂ.32mm2

M=970 X 75.32 % 10°
M=73060.4 X 10°®

M = 0.730604Kg/m

319 Determination of Weight on Cutting Blade

‘Area of each rod

3147 (6.04)°
&

~ 12568 X 10‘3 2

ength of the blade = 12 SCm 0.125m

Volume ofthe blade =1. 2568 x :m"‘ 3

Weight of 1t{)lacyle = (W) = pug

= 7850 X 1.2568 | % 10% x9.81
=9.678N

For 18 cutting blade

W =18 % 9.678




L
b

Area (A) i
= 00369185 CET :

= 1222.56N TR
y Polyethylene (LDPE)

We1ght of Low Dens1

For a feed rate of SKg/hI
Amount bfekeﬁ per second e

= 5/3500 <1, 388Kg

Breaking Force

F=3. 9943ngN .,

fz
il

e

e,




f

I
i
4
f‘

L

!

3.9943 % 1.388 X 1.8 X 102 X 1450

Total cutter weight = 174212 + 1222.56 1+ 1447.0

¥ »“‘*2_34"_3',t TN

 Belt Selection

V — Belt (based on the usual load of drive 0.75 — Skw power) s
321 ,-, ”betermintz‘lti(‘)ntof the Max1mum Po"vWer’(')ffBelt 2ot

. Celculétioﬁ of th_e belt.speed

. ForV- belt A, the’foll(l)‘Wi”ng ere the data of the se,ctiOhs‘# o

 Usual load of drive = 0.75 = Skw

& ', Reeo'mmmded;minimum pulley piﬁch diameter, d = 0.09m, N1= 1 450‘m". i

 Normal thickness, T = 8mm
Weivgh_tbper Vmeter{= 0.1'001:<g i

Belt speed, S =AdpN

Requivred fan sﬁeed = 2000rpm (selected)




}————————‘*&‘.‘5’9;;1?“3— 6333mf’3',;;5{k‘ R

Small dlameter éonnect1on factor for arc of contact var1at1on Fb =1. 14 (Based on speed

rat1o range) (d651gn datahPSG TECH

= 12c‘1’h‘

e f,Dlj‘-‘j‘d\ia‘méter‘ gf'the‘i‘r,notor'plﬂle]y' S ,

. 0

SRem T e

~ . Centreto centre distances, C = minimum. L

. N‘Qminal‘P'itéh‘Length G LB e

il
)
@)
e

P PR
gy
°
.

o

2
+




_a_%i.’f‘_= 1421.886

97 se03 616N/m Sl e e
.w;ﬁ.és,:;n R P

4 : ‘




324 ‘Shear Force Diagram of Cutting Shaft

Fig.3.6' Shear Force Diagram of Cutting Shaft

‘Maximum shear force at B

2 '

o 5.808 616 X045 = 1421 886 Nm )

Max1mum shear force atA

SE03S1E X049 1491 886th1

1325 Bending Moment of Shaft

©174181Nm

Bcnding moment jdi{agram of the cutting shaft -




roum shear on shaft.

i

S

For ‘the-ci;itting bléde :

ee78/
W /31 ;
W= ’9"6‘;782\7/;51

326" Power Demand at Shaft




e Sheér for’ée‘

diagram of shaft







R CHAPTERFOUR i
RESULTS AND DISCUSSION

Presentatlon of. Results : e : o

0 3omih f

o - Melting

Semi solid |

30-55min

| o Mg
55-95min Cooling SR -solidamnps)‘
OSmin- 100min

Liquid

SOlld (pellet)

Cuttmg

The total txrne taken for\ the recycl

42 Meltingefficiency e .
Bfficiency =2 | o

’Were; Tr= theoretlcal tnne reqﬁued for meltmg (JanSSen 2009) e

T actualtlmeusedlnmeltmg A B e e
SinceblTr;'ZlSminute SRR SR '

- Therefore £ x 109 | G e
43 .Coolmg effic1ency e “ R T

- ‘ Accordmg to Janssen 2009 Coohng of polyethylene takes 50% perlod 0

coohngrate R0 B , SO S

: : \ 42' ”’ :




Cp= aCtuaLtiI'Vl:ie,’_ used in cooling

.""“vlTheire‘t;ore 5

i

C V,;; co - 1
“wrlo el

Lo
44 Cutting efficiency

:““Sinpe?t“he jfnatéri_éll feed 1nt0 the hdpper is Skg

The fopitput ’aftér grihding is 36kg |

Efﬁcwncy = (—5-;%-) ><A IQO
%

Discussion of Results




 According to Janssen 2009, qlesppﬁmur

2 the matenal was cooled it then drop to the cuttmg chamber Were the srze was reduced to pellet

forrn by the 12 SCm blade powered by
recovery tray after it has been reduced

’ placed under the recovery umt

65. 7%. takrng the average of the heatmg, coohng and the recovery efﬁcrencres

fertrlrzer prodv c1ng companres as Well as plastrc compames

8 46 “Ces’_,t AnalySIS S
,The otal cost of fabrrcatmg thls low-
',three whrch 1ncludes ;,

1; Materral Cost

2 Labour Cost

3 Over head Cost

The perfonnance evaluatron of the rnachrne carrred out

44

¥

showed that 1t has an efﬁcrency of

den51ty polythene recyclmg machlne is. subd1v1ded 1nto1




g The table 4.2 below shows the k‘\iakriou‘s' ‘materials purchased ahd’ﬁséd "’Afi)f:'the'pr:djé“c‘ti ;W‘o/r»’l'{’b'éiSed
o'nthé‘lrpr'e“seﬁ”c'mairket_nvalue‘.‘;; S A TP e

Gauge 16

2 Heating element 2000 wa Sy
3 Solidshaft 3.50m Gy |
4 Electode - 8mm metal 3 packet

o5 : ’Paiﬁt X

Ename1 gféy.‘fgre’“enj g 41itef. i3

6 Anglelron hinch  Olength
8 Anglelron 21nch | 3
9 Stalnless stee]:, Smmmetal i
108 Wies , e f‘n"yarkdsﬂf ,,4‘?0'. i
1'1:~;\P1ui; | T f“ifo,o" i
B e ge B0 g
47 Tonred ) agen 2 Ph e

e Connector



Gauge 14 thlck ‘Quarter 7 21,300

" Electric Mét()f

Ball bearmg

22 Slhconoﬂ ', - - RN R N i 2000

¥ TOtal :

172 000

achlne

Table 4 2 cost of matenals used for the fabncatmn ofa low den31ty polythene recychng m

.[ Iti is necessary to mentlon here that the pnces were vahd as at the tlme of costmg and fabrlcatlon

4 62 Labour Cost "

Labour cost 1nvolves the cost of cutting, machining,

welding, and painting. It takes about 20% of

the matenal cost (source Chukwu 1987)

10 X172, OOO

Over‘ he’ad C-o'st
‘ 100

 =117,200' Co Al
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- : : :

_ Total cost =

Matenal Cost +Lab6hr Cdét; + OVérhead Cost . ST

;="17'zooo'+17200+34400 , ST o

e Ec‘onqmicAﬁaly»s‘ s oAf'ktfhe"LDPE“Ré'cyclili-gMachipe . e -
In,vanalyzing'anjy iﬁV’eétment econo,rﬁically,, thé true worth of thé inve,stnient is 'reg‘ér“déd}a‘s /h()vyv

. environmenta] pollutipn. .

By - :
- i
F; .




COLLECTOR MILD STEEL .
20 JCOVER - MILD STEEL ]
- 19. LFRAME . -. MILD STEEL
18 |SHAFT MILD STEEL
17 ' MOTOR
16 | BEARING MILD STEEL
15" | BELT RUBBER
14 | MOTOR FRAME MILD STEEL
13 | PULLEY ALUMINUM
12 .| MACHINE FRAME MILD STEEL
i1 - |SCREEN MILD STEEL
10 {PLUG PLASTIC
9 |WRRE COPPER
8 | CONCAVE MILD STEEL
7 | COOLING CHAMBER MILD STEEL
6 IMOULD STAINLESS STEEL
5 ' |STOPPER MILD STEEL .
4_ {HOPPER (HEATING CHAMBER)| miL.py STEEL/STAINLERS STERL
3 IRON ROD MILD STEEL
2 |HOPPER MILD STEEL °
v I JLOCK MILD STEEL
ITEM| DESCRIPTION MATERJAL
i : PARTS LIST
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‘ Conclusi‘ofn and Recoinmendat‘io‘ns
. Conclusion

It can :b”e;"\gi:‘c)‘h‘c’lﬁd:eﬂci‘"ftherefoir\e,V" that the performance

of the developed recyoling mchine is
uls obtained.

satiSfactsory,as accessed from the res

~ Recommendations

d

hot over time. |
A theﬁhost_gat should be integratéd'into the ‘ihachihe heating chamber

"heé“t“supply to the chamb'ér. :

4 .

g \&Y ; N 51 v
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