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Summary

Currently,the wastan Pabals sorted, scavenged and some of them is burnt. Due to the wet
climate,waste like papedecomposs quickly, however the plasticaste such as crisp,

cookiesand snacks packets still remains. In this context, a waste revievesearcinhas been
carried out to find a practical solution to reduce, reuskrecycle the plastic was#etest

had beerronducted to identify the types and properties of these paxkaghere are three
stagesnvolvesin this project which are theollection, recycle andeusestage For the

collection procesghe communityand the public official cleaningill be provided with a 35

litre blue bag for the plastics waste. The plastiaste will be demited in the blue bin and

will be send to the separation unit while other waste will be deposited in the green bin and
will be send to the designated area. In addition, two separation devices had been developed to
ease the waste collémh and separation process. At the separation unit, the polypropylene
waste will be send to the manufacturing unit while other plastic waste will be send to the
recycling unit in Pune. Several ideas of reusing the polypropylene waste were generated. In
order to manufacture the reusable product, a test to determine the best method of joining was
carried out. The waste management plan propadietelpsto keep the villagelean,

educate the community agererates incomes to develop the village.
Nomenclatue

PP: Polypropylene

HDPE: High density polyethylene

LDPE: Low density polyethylene

PVC: Polyvinylchloride

PVDC: Poly vinylidene dichloride

SPI: American Society of Plastic Industry

UWEP: Urban wastexpertise programme
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F: Force

A: Area
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1. Introduction

1.1 Problem description

Pabal is a rural village iRune District)ndia located 80 miles east of Mumbahe total
population of Pabal is appximately 9000 with the core (wth has radius of about 2 km).
Primarily, those outside the core village live in haralend argarmers.
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Figure 1.1 PabalSource: MapOfindia)
In Pabal, families produce abt a kilogram of garbage a day. Some of theterés sorted and
scavenged; but the remaining waste is piled in designated areas throughout the village or on
the road side. Usually, the waste deposited in the designated area i&\btlratmoment,

there is no organised disposal system in place.

Mostof the waste found in these areas or by the roadside consists of plastic packaging, paper
and cardboard wast@ther waste such asetals are sold as scrap and food waste is eaten by
pigs that ownedypthe community membe6enerally, pper and cardboakecompose

quickly due to the wet climate, but plastic waste still remains. The most common plastic

waste found is plastic packaging from snacks, cookies or biscuits.



Figure 1.2: Plastic wastat Pabal(Source: engindia)

The purposef this project wa to find a practical solution to reduce, reuse or recycle the
waste.As the main problem comes from plastic waste, this project will be focusing on
developing a waste management mechanism to handle, reduce, reuse or recycle plastic

waste.
2. Waste generatim

2.1 Plastic

Basically, there arabout50 different groups of plastics, with hundreds of different
properties. Not all plastics are recyclable. The two main types of plastic are thermoplastics,
which soften when heated and hardgain when cooled, anddrmosés, which harden by

curing and cannot be mmoulded [1(. Typicaltypes of plastisare shown in table 2.1

Plastic group Plastic type

1.Thermoplastics High Density Polyethylene (HDPE), Low Density
Polyethylene (LDPE), Polypropylene(PP), Polyshe
(PS), Polyvinyl Chloride (PVC)

2. Thermosets Epoxy resins, Phenolics, Polyurethane, Polyamide,

Polymethylmethacrylate, Styrene copolymer

Table 2.1 Typical types of plastics0]



The most common types of plastics used are thermoplastics as theyseod@b of the

plastics used in the worl@]. The najority of the plastics are used in the production of
packaging, household and domestiasduicts, electrical and electronic goods.order to

make sorting and recycling easier, thaerican Society oPlastic Industry (SPlhas

developed a standard marking code to help consumers identigo&rkde main types of

plastics [1]. The code is a-3ided triangle arrow with a number in the centre and letters
underneath. The-8ided arrow was selected tolmte and distinguish the number code from
other markings. The number indicates the types of plastics from which the container is made.
The standard marking cedusedand theirs application is shovimtable 2.2

Standard marking cod¢ Types of plastic Application
N Polyethylene terephthalate (PET)| Fizzy drink bottles and oven
i ready meal trays
N High density polyethylene (HDPE| Bottles for milk and washing
', up
N Polyvinyl chloride (PVC) Food tray, cling film, bottles
&3 for squash, mineral water ar
shampoo.
A Low density polyethylene (LDPE)| Carrier bags and bin liners
e
Polypropylene (PP) Margarine tubes,
c{‘\,) microwaveable meal trays,
snacks packaging
N Polystyrene (PS) Yoghurt pots foam meat or
(A fish trays, hamburger boxes
and egg cartons, vending
cups, fastic cutlery,
protective packaging for
electronic goods and toys
N Any other plastics that do not fall | An example is melamine,
A into any of the above categories | which is often used in plastig
plates and cups

Table 2.2 Standard marking code of plasticsl theirs application (Source:SP))



Plastic are used widely in numerous application in life due to the beneficial propérties
plastics. Generally, plastltave extreme versatility and ability to tailored to meet very

specific needs, lighter weight th@ompeting materials, extreme durability, resistance to
chemical, water and impact, good safety and hygiene properties for food packaging, excellent
thermal and electrical insulation properties and relatively cheap to prfidijce

The increase in volumeaf plastic waste has creates a cause of concern to the sdtiety.
main problems of plastiwaste arét is not biodegradable, @annot be mixed with one
anothe as the chemical reactions tleattsue will causprocessing difficulties, and it Isard to
recycle without separatn from food or other waste.

2.2 Plastic wasts generation

2.2.1 Backgrourd

Socioeconomic development, degree of industrialisation and climatic condition often affects
the waste generation ratdés.India, the amount of plastic wias generated is increasing due

to the rapid rate of urb&ation in India. Te rise in plastic consumption is due to the rising
affluence and public embicement of western consumerism [Eiastic has been used by the
public to replace the traditional nmetd of packaging duas it is cheapemMoreover, plastics

usage hagrind downthe traditional industries in India and have slomtgpagatd the

throwaway culture in India societyhe consumption of bottled water, fast food and can

drinks has also conbniites to the rise of plastic waste generation in India. The widespread use
of plastics as a packaging medium has resulted in increase of plastic waste generation, thus

creates environmental and health problems.
2.2.2 Plastic waste generation in Pabal

In Pabal, the plastic wastes are mainly from crisp, cookies and biscuit packages. According to
National Solid Waste Associatiam India (NSWAI), the total municipal solid waste

generationin Pune districis 1000 MT per day while the municipal solid waste gatien is

390 gms per capita per dayf the total municipal solid waste generated, 400 MT per day
comes frondomestic municipal solid waste [L8'he municipal solid waste composition is

illustrated in figure 2.6 below



There is no exact data about thesteageneration in Pabal. However based on the information
given, each family producgbout a kilogram of waste per day, including organic waste, dust
and dirt which accumulate on the floor at hoffiee total population of Pabal and its
surrounding areas 2005was about 900&ith an average number of people per houseisol
somewhere betweeéhand 6 21]. Assumption has been made that each family consists of 5
members. Based on this assumptitiere are about1800 families live in Pabal. Hence, the
total estimation ofvolume of waste generatedRabal is approximately 54000 kg peonth.
According to figure 2.1plastic wasteomprise about 0.%o of the total volume ahe

municipal solidwastecomposition Thus, the volume of plastic waste generatedhaivalPis

about 378 kg per month.

Pune District Municipal Solid Waste composition

M Biodegradable
M Plastic
H Glass

W Paper

m Metal
0.4%

0.8%
0.6%

W Others

0.7%

Figure 2.1 Pune District Municipal Waste compositi@Bource: NSWAI)

2.3 Polymer Identification test

In Pabal, the maiplastic waste comesdm packages fobiscuits, crisp and cookies aitd
will not decompose like cardboards and papers. A simple test has been done to identify the

types of plastics of these packages.
2.3.1 Methodology

The test was conducted usitygp samples from biscuits and crisp package® with a
metalised surface andne without anetallised surfaceThe objective of the test was to

define the types of plastics of which the packages were made. Before the test was carried out,
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the samples were cut down to manageable Sizeeral testwerethenconducted to
investigatethe flexibility of the samples.

For thefirst test,the sanples were cut into small sliveFhe condition of the chipsf the
samplewas observed and theecorded.

The seond test wa a float test. This test is to investigate the flexibility of thetjglasind can

be carried out using water or corn oil. The first test was carried out using water while the
second onesedcorn oil. For the float test using water, a small bowl was filled with water
and a little washingip liquid is added to avoid the sack tension of the water prevent the
sample from behaving as it should. The sample was placed in the bowl and pushed down.
After a couple of minutes, the sample was released and the floating condition of the sample
was observed and realed. The same proderes appliedo the float test using the corn oil.

Next, the copper wire test was carried.ddihe end od5¢cm copper wire was heldith a pair
of pliers. A candle was l&ind the free end of the wire was placed into the flantéitiwas

hot and no loger hada green colour. Then, the wire was removed from the flame and
touchedonto he plastic sample. A small amount of the plastic was expszt@elt onto the
wire and sticko it. The end of the wire with a small amount of plastic on it was thendlace

into the flame. The colour of the flame was observed and recorded.

The last test conducted was to define whether the sample is flexiblerigehair rigid. The
sample was bemepeatedly and the gace of the sample was fddyy hand. The observatien
werethen recorded.

2.32 Results

The results of the test were illustrated in table 2.3 below.



Types of test Result

Sample Metallised surface Non-metallised surface

Sliver test The sample has smooth | The sample has smdoline and no
sliverand no powdery powdery chips

chips

Float test (water) Both of the sampisfloated

Float test (corn oil) | Both of the samplefloated

Copper test The colour of the flame for both samples is blue. The sample |
slowly and cleanly, drips and has a distinct swesdd odour.

Flexibility test Both of the sample bend repeatedly without breaking

Surface test The sample has shiny an¢ The sample has smooth surface

smooth surface

Table 2.3: Results for polymer identification test
2.3.3 Conclusion

Having done the tesit can be concludetthatthe crisp packes made from polypropylene,

one of thermoplastics. The sample with metallised surface is made from an aluminium film
attached to a flexiblpolypropylene ifm andis sandwiched togethe®n the other handhe
sanple with noametallised suace is made from polypropylene coated with PVDC coating

or acryclic.
2.4 Polypropylene

2.4.1 Introduction

Polypropylene (PP) is a thermoplastic polymer commonly usébohpackaging such as
crisp packet, ketchup bottles,ggurt containes, medicine bottles, medical syringes, beakers,

automobile battery casings and carpeting matriSttucturally polypropylene is a vinyl



polymer which is quite similar to polyethylene but with a methyl group attached to every
alternate carboatom in the backbone. ik made of polymerisation of propylene by Ziegler

Natta polymerisation acurrentlyby metallocene cataligspolymerisation [4]The repeat unit
of polypropylene isCH,-CH(CH,)-

H H H H
| Palym. |
C=2C —» LCc—cC-l
| |
H CH; H CH.
Propylens Palypropylens

Figure 2.2 Polypropylenanonomer uit (Source: Recoup)

Polypropylenéhas an intermediate level of crystallinity between low density polyethylene
(LDPE) and high density polyethylene (HDPE), its Young modulus also intermediate. This
material is less tough than HDPE and less flexible thanH.MtRalso has excellent moisture
barrier characteristics, good clarity, high gloss and good tensile. AeeB$ has only average
gas barrier properties, it is often used in combination with metallised film, PVDC coating or
acrylic which provides additimal barrier propertieS he general properties of polypropylene

are illustratedn table 2.4below.

Properties Value
Maximum temperature 135 °C
Minimum temperature 0 °C
Melting point 170 °C
Tensile strength 4500 psi31 MPa
Hardness R95
Specificgravity 0.9

Table 2.4 : General properties of Polypropyldgri@ource: Dynalab)



2.4.1 Properties of Polypropylene

The crisp packet is made from polypropylene laminated onto a metal foil. This material
comprises polypropylene film which has been metdlisn one surface by vacuum

deposition of high purity aluminium. The appearance is of aluminium foil, but the film has the
flexibility, strength and thickness of the base filtmch is the polypropylene. The general

properties of this metallised film arleet same of slightly better than the base film.

Metallisedpolypropylene plastics are made from various metals including aluminium,
chromium or a combination of nickel and chromium. Aluminifilm has consistent optical
density and act as a barrier to moistand light, with superior heat sealing properties. It is
highly craze and crack resistant. Metallised polypropylene plastic exhibits superior tensile
properties resulting in superior formed barrier whergdy and moisture barrier properties are

maintaned despite high tensions and stresses.

3. Plastic waste management method
3.1 Background

Generally, there are several methods that can be used for waste disposal. These neethods ar

shown in figure 3.1 below.

Figure 3.1 Methods of waste dispogd]

Landfill is the quickest and cheapest way to get rid of the waste. Landfill is the oldest form of
waste treatment and is low cost comparedther disposal options. In India, landfill or open

dumping is the most commonly accepted way of disposing Waktsteis collected,



transported and deposited at the lgwd areas. Most of the waste is suitable for landfill. In
addition, othedisposal options will also requidandfill as the final disposal route for the
residue.This method however threatetiige quality of life of thecommunityby the nuisances

from the odours, smokes, dust, litter, and pd3tsing monsoons, the rain will dissolves the
toxins present in the waste and permeates the soil and pollutes groundwater. Mdrsover, t
method is not a pferable solution as the waste dump produces other environment and health
problem.Nevertheless, this the method useoly the local community in Pabal at the

moment.

The other method of waste disposal is the incineration. This method is very conesuient

safe mean of waste disposal. The combustible material in the waste is converted to gaseous
oxides. The incombustible residue is then dispageda landfill. There are four a&in waste
incinerator technologiewhich are mass burn, fluidised bed combrs{FBC), pyrolysis and
gasification [9. However this methodencourages more waste, wastes energy and causes
pollution from the smoke, gases and ash from the incinerators that contain harmful dioxins
which causes cancer. As Pabal is a small villagesthokes, gases and ash might affect the

v i | | beglé thét Bve near the incinerator.

Another method considereddsep well injection. This method disposes the waste by storing
the waste permanently in underground strata. Deep well injection mistfayccheaper than
incinerations but the safety of this method cannot be clearly demonstrated. However, this

method is not suitable to be implemented due to the limited suitable place in Pabal.

Last but not least atée recycle and reuse metlso@othof these methods promogéaergy
savings, resource conservation aredeaner environment. In term of cost, this method is cost
effective compared to others mean of waste disposal. By definition, waste reuse involves
using the product or package more thaneoor reusing it in another application, not
necesary the original applicatiorlhe example of reusing includes reusing the carrier bag,
glass and milk bottles. The advantages of reusing wastbaiecan reduce the amount of
waste produce, extendset lifetime of the material used and helps to save raw materials and
energy used to produce a new product. Recycling in the other hand is the collection,

separation, cleanp, and processing of waste materials to produce a marketable material or

10



product. ue to market demand for recycled content material and the price of oil, the demand
of recycled material is expanding. Recycling reduced consumption of energy and reduced the
amount of solid waste going to waste dump in the village. In additieznmigthodwould

generate incomfor the local community in Pabal by reusing the waste to manufacture a new

product. This method however requires high degrees of local community partizipatio

3.2 Slection process

All the methods are assessed using the follgwnorphological chart in table 3 to find the

best method of waste disposal in Pabal. Each method of waste disposal is ranked between 1
to 5; where 1 indicates poor and 5 indicates excellent. The best method chosen is the method
with the highest mark.

Wage Effectiveness Impact to Health Economic | Suitability | Total
disposal environment issues to

method/ implement
Criteria in Pabal
Waste 3 1 1 2 4 11
dump

Landfill 3 2 1 2 3 11
Incineration| 3 1 1 3 2 10
Deep well |2 1 1 2 3 9
injection

Reuse and | 4 5 4 4 5 22
recycle

Table 3:Morphological chart of theedection process

Having considered the pg@and cons of each method of waste disposal, the best options for

Pabal community are t@cycle and reusavaste.
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4 Waste Collection and separation

4.1 Background

There are ttee methods of waste collectiorhere are curbside collection, drop off or buy

backs centersna material recovery facilities [10

The curbside collection requirése residentso use one or more containers to separate and
recyclable materials that are diverted from the normal waste stream. The type of and number
containers can vary dependent on the variety of materials collected and the degree of
separation desired. The design, capacity, and construction of the containds® cemya For
example, the green bin is used for refuse stream and blue bin for recyclable stream.

The second one is the drog of the buyback centreghe wluntary participation in

recycling programs is often related to the ease with which an indhadogarticipate. The

drop-off centresmake the recyclable materials collection easier and less expensive to
implement than curbside programs. They are especially effective in areas where regular waste
collection is not required or availabBuy back cetresoffer all of the benefits of dropff

centers and the increased incentives of monetary benefits to participants. They are however

more expensive to operate because they must be staffed, secured, and handled cash.

The last one arthe material recovgrfacilities (MRF).MRF is a facility thatreceives, sorts,

and prepares commingled recyclables materials for etiagkto enduser manufacturers]8

Most commingled processing systems separate the containers made from plastic, glass and
aluminium and danot attempt to separatieefibers. Mechanical separation techniques are

used to separate the commingled recyclaités methodhas high processing efficiency,

however the efficiency of this method rely on the mechanical equipment used.
4.2 Plastic wastecollection and separationprocessin Pabal

Having considered the local situation in Padnad the population densiof the area, the best
collection method to be used is the curbside collectfmwever, eoher factors such as degree
of source separatiahat thecommunitywill be willing to tolerate and still participate, the
desired capture levels, the amount of money available to pay for the programme, and the

source of the fundhould be taken into consideration before this method can be implemented.
12



A separation centreill be built at the designated area where the wiaddepositedThis
programme requires tl@@mmunityto use one or more containers to saepathe recyclable
materials Each householth Pabalwill be supplied with a 38itre blue reusable bag to store

the plastic wasteBased on the information given, people in Pabal sold metals and plastics as
scrap.Apparently, waste separation had already been implemented in the comrynity.

giving them a reudde bag to separate their wadige separatiorprocess will be more

systematic and consistent.

In addition, o wheel bins will be placed around the village. The blue bin is usquaistic
wastewhile the green bin is for othevaste. Both of these bins will be used by the villagers
to deposit their waste. By this way, the waste will be separated mainly by hand prior to
collection.

As Pabal is a snfiavillage that has constraintnaechnologies available, fund and
transportation, the collection service will be made by the public offiteaining.The
collection service will be made twice a moniie waste deposited in both of thdses will
be collected and transportedtbe separation centrBlastic waste collecteidom the blue bin
will be separated once again at the sepamatente while the other wastgill be deposited at
the designated areAt the separation centre, the plastwaste is sorted according to its types.
Even the separation of theagtic waste is made at honseparatiorat the separatiocentre is
also necessags thecommunitycannot beaelied on to make perfect savery time.The
workers at the separati centre will sort the plastiato two categories which are the
polypropylene and other types of plastics. The polypropylene waste will be send to the
manufcturing centre while the othplasticwaste will be send to the recycling centre at

Pune.

Onthe other handyastethatis scattered throughouté village and by the road side will be
collected by the public cleaning official. Theblic cleaning offical will discardthe item
from the trash and separdabem according ttheir type before depsiting themnto the

designated aredhis macrosorting process candithermanual or automated operation.

13
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Figure 41: Waste flow in the collection and separatjproces

4. 2.1 Economics of collectioprocess

Thecost of collection and separatiprocess will involves cost of labowhich includes the
public official cleaning and the workers at the separation cer@ges labour overhead

which includes the cthing, insurance and parvision,publicity which includes advertising,
leaflet printing and distributioand the cost of building the separation cerifire publicity of
this programme is essential to create awareness among the community and increase thei

participation.
4.2.2 Problems expectedh the collection and separation process

Problems might arise due to lack of participation fromamemunity economic and human
resourceHigh participationfrom the communityareneeded in order to ensure thelection

and separation process successAd.thisprogramme is still new for theommunity they

14



need to be continuously informed about the progran@oatinuous information campaign is
vital to achieve higher participation. Detw-door visits, leafletlistributions of informative
materials, school visits and posters can be made tease awareness of the community [3]
In addition, the efficiency of the separatiprocess might be low due to lackhandsorting
PP experience. Continuogspervision ad additionaltraining might reduce this problenm
addition, this programme will also creatieb opportunities for the communig workers are
needed at the separatiand manufacturingentre Incomes for these workers can be

generated from the plassi wase sold to the recycling centre.

4.3 Design for separation device

4.3.1Concept development

The existing method of separating different types of plastic is to separate by hand. However,
this method is costly and prone to error as it is difficultisbinguish different types of
plastic.Nowadays, technologies such asay fluorescence, infrared and near infrared
spectroscopyelectrostatics and floatation had being introduced to separate plastics

automatically{7].

The first techniques being considd forthedesign of separation device is electrostatic
separatiortechnique This techniquenvolves the application of electrostatic chargéen

two different types of plastic rub together, a positive charge will be develops on one surface
and a negate charge on the othefhe charged plastic is then supplied to the rotating drum
electrode into an electrostatic field formed between the drum electrode and the flat plate
electrode. The positively charged plastic is attracted to the negatively dltange electrode

and vice versa

.

& ~ Wixed plastic

\% \ electrostatical ly
\ charged by friction

7 » *-ve charge
C}"@I’. /o ++ve charge
l{‘;,, Electrode
Feed tray N (+ve)
\‘ K s
/ R AN — | High voltage

< T | power supply

 EE— \
: Rotating drum ;":,
777 =% electrode | %
GND Scraper 3\ £ Receptacles

o £001

Figure 42 Electrostatic Separation Techniquource: Hitachi Zosen)
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The next techniquid separate mixed plastic is by density separation. Different densities of
materials are used to carry out the sorting physic@ineally, this technique is only

effective in separating plastics materials with densities less than 1 g/cc, paigdithylene
and polypropylene [7]Density separation is a practical method for the sorting of certain
types of plastics at relatively lovost.

Froth floatation is the cheapest and most extensively used process for the separation of
chemically similar minerals and to concentrate ores for economical smélhisgmethod
originates from Japanese researcher back i< pIj. Rastic floatation is a combination of

froth floatation and gravity separation. Accordingly, the idea of particle control was applied
for separation of mixed plasticSompared to other separation techniques, froth floatation has
a reduced cost. The process involves alexcteely attaching air bubbles to specific plastic,
lifting these patrticles to theurface and then mechanically removing the particles held in the
surface froth.

Next is the air table method. Air table method is a dry gravity separ@ugrgravity

sepaation has the attraction of low capital input and operating cost and is environmentally
friendly due to the absence of water, chemical and drying requiremeéntable does not
require separating the ledensity fraction from the air stream and is cdpalh effectively

treating pastic with different densities [2].

Figure 4.3 Schematic design of air table (Source: Dodbibd,e2@04)
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Last but not least atte near infra red technique. Infra red energy is used to heat and dry a
washed stream ohixed thermoplastics. To separate polypropylene, the mixed stseam
irradiated to a point in which the polypropylene is softened but not melted. Following the
heating stage, the mixed plastic stream is fed through a set of rollers. The softened
polypropykne sticks to the roller and is removed from the stream. The remaining mix
continues through the process, which progressively heats and separates the next desired
plastic, until all the components in the mix are separated from each other.

4.3.2Design ides

Based on several techniques discussed, design ideas were generated during brainstorming

session.
4.3.2.1Design 1

Design 1 is a magnetic separation device. This design will apply the principle of magnet to
collect the metallised crisp packéis mentiond earlier, the crisp packets are made from
metallisedpolypropylene which is sandwiched together. The metal used in the film is
aluminium. However, aluminium is not magndti®]; thus the metallised plastic cannot be
separated using magnetic propertigiserefore, thedea of having a magnetic separation

device is not viable.
4.3.2.2Design 2

Design 2involves the combination of the electrostatic separation and the vacuum litter
collector. This design can be used for quick response-ciesuas well as cding confined
and awkward areas where the mechanical sweepers cannot access. In Pabal, this design can be

used to collect and sort the plastic waste on the roadside.
Design brief and specification

Design 2is made up fronseverakomponents which are tlatake port, the exhaust port, an
electric motor, a voltage supplyre fan,anelectrostatic preharge hoppetwo charged pole,
a splitter,suction hose (diameter: 125mm) two collector bins, wheishousing&8.9cm x
48.3 cm)
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Figure 4.4 Design 2

Mechanism ofdesign 2

1.Collection: Plastic wastes from the roadside
are sucked into the device through the intake
port

2.Then, the plastic wastes inside the device will
be placed in the precharger hopper for 30-60
seconds

3 Next, the charged mixed wastes will be
released from the precharge hopper to migrate
down between the two opposite charged plate

ration: ypropylene (PP) waste
w111 be drawn to the positively charged plate
while the other plastic wastes will be drawn to
the negatively charged plate

5.The polypropylene (PP) waste can then be
collected from collector bin 2 while the other
plastic waste from collector bin 1.

Figure 4.5a): The mechanisms of the Design 2
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Figure 4.5(b): Mechanism of design 2

The voltage supply makes the motor works. The fan which has an angled blade is attached to
the motor. The fan blades force the air forward &siied. The air is forced towards the

exhaust port. The density of particles increases in front of the fan and decreases behind the
fan as the air particles are driven forward. The drop in pressure behind the fan creates suction,
a partial wcuum insidehe device. As the air pressure inside the device is lower than the

pressureutside, the air will be pushewto the device through the intake port.

The rotating fan creates a constant flowing stream of air moving through the intake port and
out the exhast port. The moving air particles will rubs against the waste such as crisp packets
or cookies packages as they move. When the suction is strong enoughbtitimecarries the

wastethrough inside the device.

When the waste is already inside the deuicejll be placed in the preharginghopper

where they will received an induced electrostatic charge causing the polypropylene which is
the crisp packet to become ndgealy charge and the other plastic waste to become positively
in charge. The induced atge must be applied for an adequate duratimut 3660 seconds

and at sufficient strength to create opposite charges on the surface of the plastics waste. If the
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strength applied excesthe amount needed, the waste will attract to one another, thus
prevent the separation.

The negative terminal of the voltage supply is attached to one plate and the positive terminal
of the voltage supply is attached to the other one as well as the electrostatiangiag

chamber by means of leads. The vertical platesnade from a conductive material such as
aluminium foil. The plates define two oppositely charged electrostatic fields beneath-the pre
charger hopper.

The mixed wastes which have been charged will theelbased from the preharging

hopper by free fhdue to gravity influence, passing through the opegiagto migrate down
between the two oppositely charged platAs.the stream of mixed wastes passing through

the two oppositely charged plates, the negatively charged polypropylene waste are drawn
towards the positive poles and the positively charged other plastic waste are drawn towards

the negative poles producing two divergent stream.

The splitter is used to increase the separation efficiency. The falling position of the waste
varies depends ohé charging factor such as the mixture of waste ratio, charger material,
drag force, and electrostatic force. By having the central splitter, the polypropylene waste
stream can be strongly deflected to the positive poles while others waste which might have

neutal charge andall freely will be deflected to the negative poles.

Thepolypropylene waste can then be collected from the collector bin 2 while the other stream

of plastic waste can be collector from the collector bin 1.
Design 2 constraints

Howeve, the device might not be feasible todmvelodin Pabal due to the limited
resource of materials and skilled labour. Further investigation is needed to build the prototype
of the device as this idea is only conceptual at the montémivever, in the ear future, the

local community in Pabal may build this device when they have the capability to do so.
4.3.2.3Design 3

Due to the limited resource of materials and skilled labour in Péigatiesign of the

separation device should be within the resoanaglable. In this case, design 3 will apply the
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idea of having a handheld mechanical device to collect and separate waste on the roadside of
Pabal.

Design brief and specification

Design3 consists of a twbrush rollerghat act as sweeper33.4 cm x 7& cm x 83.8 cm

bin, 25.4 cmdiameter sempneumatic wheels and tube handles.

m

handle

Bin

Wheels Q Brush roller @

Figure 4.6 Side view of desiga

—

Pneumatic

Brush rollers
wheels

Figure 4.7 Top view of design 3
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