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ABSTRACT KEYWORDS
Studies on the solid waste management of HDPE waste materials through Quality;
recycling have been under taken. Test specimens using virgin HDPE pellets HDPE;
(VHDPE), waste HDPE materials (TRHDPE) and 1:10 blend of thevirgin Properties;
HDPE with the waste HDPE material |abeled VRHDPE were prepared using Recycling;
extrusion blowing machine. The test specimens were subjected to flexural Waste Materials;
test, tensile test, impact test and water absorption test according to ASTM Environment.

standard. The results revealed that the virgin HDPE specimen had better
mechanical propertiesthan the other two specimens. That notwithstanding
therecycled plastic TRHDPE had impact breaking energy of 3.62 Jwhichis
within acceptablerange of 2 - 18 Jfor the toughness of HDPE plastic. The
deformation pattern of the TRHDPE plastic for flexural and tensiletestsis
also similar to that of the virgin HDPE and VRHDPE plastics. The results
have shown that recycling could be an appropriate and beneficial routefor
solid waste management of high density polyethylene.
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INTRODUCTION

P astic solidwasterecycling hasbeenamgor policy
of theNationa Environmental Standardsand Regula-
tions Enforcement Agency (NESREA), the agency of
the government of Nigeriasaddled with the responsi-
bility of enforcing compliancewithlaws, guiddines, poli-
cies, and standards on environmental matters. The
Agency has 11 regulationsfor the control of environ-
mental pollution, and thelaw regulating environmenta
pollutionintheplasticindustry clearly specifiesrecy-
clingfor themanagement of solid waste plastic materi-
ady.

According to Ayres?, economic development in
the developing countriesover the next half century, at
recent growth rates, combined with unavoi dabl e popu-
lation growth, would requireamany-fold (moreor less)
increaseinthe consumption of natural resources. Every
substance extracted from the earth crust isnow apo-
tential waste. With the exception of recyclable materi-
dslikeplasticsand metas, that are currently being re-
cycled, in most casesit soon becomesan actual waste.
Thisstatement impliesthat there comesatimewhere
thematerial can nolonger berecycled on grounds of
mass contaminationwith harmful impurities.

According to lhomt¥, recycling not only reduces
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landfilling, but dso ’produces’ vast amounts of plas-
tics, paper, glass, auminium, copper, castiron, stedl,
and other materia sfor reuse. Recycling offersincred-
ible economic benefitsto communitieswith highland
filling costs. It a so adds benefitsto businessesthat use
secondary materids, Sncetherecycling of many mate-
ridssavessubstantia amountsof energy. Recydingau-
minium, foringtance, is95% energy efficient. Aluminium
recycling produces 95% lessair pollutionaswell. Re-
cycling stedl reduces energy demand by 50% to 75%,
reduces air and water pollution by 85% to 75%, re-
spectively. Thesamestory goesfor recycling of plastic
materia swhere 70% |lessenergy isconsumed ascom-
pared to production of virgin resing”. Energy savings
resultsinlower input costsfor manufacturing compa:
niesand becauserecycling generatesconsiderably less
pollution, additiona savingsresult from avoided com-
pliance costs and reduced expenditures on hazardous
wastedigposa . Numerous studies al so show that recy-
cling crestessubstantialy morejobsthanlandfillingand
incineratingwastes, thelessenvironmentdly sustainable
approachesto waste management. Today world over
recycling of plastic scrapsisin practice#. Theimme-
diate argument is corroborated by Esher and Kuo!®
who intheir work argued that household solid waste
recycling induced production va ues and employment
opportunitiesin Tailwan. Theduo further stated that the
estimated production valuesfor 1998 were USD 0.27
billion from collection/ sortingbusinessand USD 1.27
billionfrom recyclingindustry. The collection/ sorting
business represents about 0.28% of gross domestic
product (GDP) in the service sector, and therecycling
industry representsabout 0.8% of GDPin manufactur-
ing sector in 1998. The combined employment was
189551 of which 182538 was collection/sorting busi-
ness (3.69% of service jobs) and 7013 positions
(0.27% manufacturingjobs) in 1998. Takoungsakdakun
and Pongstbodee,'® observed in their work that the
world’s annual consumption of plastic materials has
experienced aspectacular growthfrom5milliontonsin
the 1950sto nearly 100 milliontonin 2004, they ar-
gued that the escal ating consumption has necessitated
the current pressurefor recycling, more so that most
plasticsare not biodegradable. Nnamdil” who equal ly
carried out studiesonrecycling of solid waste plastics
inNigeria, sad that Recyclingisan economic develop-
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ment tool aswell asan environmental tool. Reuse, re-
cycling, and wastereduction offer direct development
opportunitiesfor communities. When collected with kill
and care, and upgraded with quality inmind, discarded
materia sarealoca resourcethat can contributetolo-
cal revenue, job creation, businessexpansion, and the
local economic base. From Figures available from
LAWMA (LagosWaste Management Agency), 9,000
metric tonnes of wasteisgenerated daily with about
1,200 metric tonnes being converted into other uses.
Lagosisjust onecity out of themany citiesin Nigeria.

Low-density polyethylene(LDPE) isathermaoplas-
tic madefrom petroleum and iscommonly recycled and
hasthe number “4” as its recycling symbol. LDPE is
defined by adensity range of 0.910-0.940g/cm3. It
can withstand temperatures of 80 °C continuously and
95 °C for a short time. Made in translucent or opaque
variations, itisquiteflexible, and tough but breakable.
Examplesof low density material are purewater sa-
chetsand cellophanesbags.

High-density polyethylene(HDPE) or polyethylene
high-density (PEHD) isapolyethylenethermoplastic
made from petroleum. It takes 1.75 kilograms of pe-
troleum (in termsof energy and raw materials) to make
onekilogram of HDPE. HDPE iscommonly recycled,
and hasthe number “2” as its recycling symbol. It is a
high mol ecul ar weight polymer with long chainsmade
up of carbon and hydrogen atoms®. Thereturnonin-
vestment in thetrading of waste nylon and polythene
materialsisestimated at 10%- 20% in Nigerid™®. In
most of theliteraturesreviewed not much emphasisis
laid ontheissueof chemica composition and contami-
nation becauseit is assumed that that aspect isdealt
with at the sorting and washing stages. Compositiona
changes may occur but may not serioudly affect utiliza-
tion and gpplicability.

Thebenefitsassociated with therecycling of plastic
as stated aboveare many, however, thegrade of plas-
tic scrap available today is a cause for concern and
requires careful sorting and handling for quality to be
maintained. Caremust be applied in sorting and wash-
ing of recycled HDPE in contact withfood items. This
work isrestricted to therecycling of HDPE solid waste
from plastic bottlesand jerry cansand thealike. The
objective of thiswork isto carry out studies on the
solid waste management of HDPE through recycling.
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Thisshdl include propertiesassessment of therecycled
HDPE in comparison with virgin and blended plastic
products.

MATERIALSAND METHODS

Materials

Thematerialsused for thiswork were, waste plas-
ticjerry cansmadefrom HDPE (HBG00346) (shown
in Plate 2), virgin granules of HDPE (HBG00346)
(showninPlate 1), and the blend of 10% virgin HDPE
(based onweight of recycled HDPE) with HDPE from
recycled waste plastic jerry cans. The samplesfor the
work wereobtained at Bonsaac PlasticsNigeriaLim-
ited Aba.

e A 7. XFtenin HTIDE cransilac (511

Platel: Virgin HDPE granules (HBG00346)

RN

Plate?2: Usedplyansinthedump site

Equipment

The equipment used for the research work were
those of theM echanica Engineering Laboratory of Stan-
dard Organisation of Nigeria(SON), Enugu and Uni-
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versty of Uyo Chemica Engineering Laboratory. These
included extrus onblow molding mechine(showninPlate
3), crushing machine (shownin Plate4), impact tester,
tensletestingmachine, digital wash bath, analytica ba-
anceand universal strength testing machine.

lected

s |

Plate3: Blow moulding machine

Fig. 4& Front view of a Blowmolding machine

Plate4 : Crushing machine
Methods

Raw material preparation

Theused HDPE were sorted out and every paper
label onit wasremoved. The material was shredded
and washed (see Plate 5) using sponge and detergent
to remove contaminants. Thewashed samplewasa-
lowed to dry and was then ground in a crushing ma-
chine (see Plate 6). Theground material wassifted to
removeal| unwanted particleswhilemetallic particles
wereremoved withthead of amagnetintheseve(see
Plate 7). Thevirgin HDPE needed no further prepara:
tion. Theblend of 10%virgin HDPE withtheused HDPE
was madeintheratio 1: 10, 2kg of virgin HDPE was
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mixed with 20kg of the used HDPE beforepouringin
the hopper for moulding.
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Plate5: Sh?edded plastic materialsset for washing
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Plate6: Crushed Plastic materials

Fig. 4.4: Crushed plastic matenais

Plate7: Magnetin asievewith crushed .plastic_héterials
Test Specimen preparation
Extrusi on blow moulding machinewasused for the

production of test specimens. The samplesasprepared
under raw material spreparation section wereindividu-
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aly poured into the hopper of theextrusion blow moul-
ding machinewhereit wasmelted inthe heating cham-
ber and blowninto the diesand compressed to solidify
into the test specimen shape. After the cooling of the
diesthe specimenswereremoved. Thevirgin HDPE
specimenswerefirst produced followed by the used
HDPE and then the 10% virgin blend with the used
HDPE. Theoperationd temperature was between 150-
200°C and the flow speed was raised from zero to
10mm per second.

Propertiestest

Thetest specimens as produced abovewerethen
subjected to Tensile Property Test (Plate 9 showed the
machinethat was used for thetesting), Flexura Prop-
erty Test, and Izod Impact Test (Plate 8 showed the
impact tester used) with the associated standards of
ASTM D638, ASTM D790, ASTM D256, respec-
tively inthat order. To ensure accuracy five specimens
were used for each test and the average was taken.

Plate8: Impact tester

Plate9: M ounting specimen on univer sal strength testing
machine
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RESULTSAND DISCUSSION 8
5
Results a
Theresultsof thework arepresented in TABLE 1 ‘fg 3
and Figures 1-6. =
TABLE1: 1zod Impact test result 1
Breaking Energy (J) 0
Specimen VHDPE VRHDPE TRHDPE 24 14 =8 404 Bl
! 40 370 370 Figure3: Flexural t E;t\e}n;ﬁE)umE] |astic showi
igure3: Flexural property o plastic showing
2 41 3.80 3.60 theloading ver susbending extension
3 3.9 3.70 3.60 .
4 4.0 3.70 3.60 "
5 4.0 3.70 3.60 6
Average 4.0 3.72 3.62 = 5 -
VHDPE= virgin high density polyethylene specimen g 4
VRHDPE=Dblend of virgin high density polyethylenewith & 3 - ——Seriest
recycled or used high density polyethyleneintheratio 1:2 2
TRHDPE= recycled or used high density polyethylene 14
specimen. 0
6 2.06 415 637 8.61 10.17 12.32 3465 81.2

Extension (mm)
5 Figure 4 : Tensile property of VHDPE plastic showing
deformation for cever susextension

7

g =
1 a
2 - =4=Series1 5 |
4 -
1
3 .
0 2 |
1 200 28 3 5.1 -

Force (KN)

Extension (mm) 0
Figurel: Flexural property of VHDPE plastic showingthe 1 2 3 4 5 6 7
L oading ver susbending extension Exvanston (inm]
5 Figure 5 : Tensile property of TRHDPE plastic showing
a5 . deformation for cever susextension
4 8
35 - .
g 8 6
T 25 = 5
S 2 % 4
15 g 3
1 2 4
05 - 1
0 0
1.2 2.2 3.28 434 5:1 2.35 4.58 6.91 9.53 10.62 28.83 52.87
Extension {(mm) Extension (mm)
Figure2: Flexural property of TRHDPE plasticshowingthe  Figure 6 : Tensile property of VRHDPE plastic showing
L oading ver susbending extension deformation for cever susextension
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Discussion

TABLE listheizod impact test result, theresult
has shown that VHDPE plastic specimen hasthe high-
est breaking energy of 4 Jfollowed by VRHDPE plas-
ticwith abreaking energy of 3.72 Jand TRHDPE plagtic
which hastheleast vaueof 3.62 J. Thisresult hasshown
that theblended plastic and theused and recycled plastic
arelower inbreaking energy thanthevirgin HDPE plas-
tic. Impuritiesmay beresponsible, but the general be-
lieveor explanationisthat thedegreeof crystallization
ishigher inVHDPE and it isresponsiblefor the higher
valud?. The standard for toughness of ahigh density
polyethyleneis2.0- 18.0 J9 al thethree plasticsare
within therange however previousworkshave agreed
that thereisawaysadropin propertieswhenplasticis
recycled®?, The mechanical propertiesof plasticsis
largdy influenced by thedegree of crystalinity and the
glasstransition temperature Tg these two al so affect
themelting point Tm of the plastic®%. Research has
shown that asthedegree of crystallinity and the extent
of orientationincreases so thetenslestrength and stiff-
ness'®, HDPE isknown to have ordered regionsin
itsstructurecalled crystalitesand disordered regions,
during deformation thisstraighten out resultingin some
ordered structurethisincreasesthetoughnessand other
mechanica propertieg®4,

Figures 1-3 show theflexural deformation pattern
of specimens, VHDPE, TRHDPE, and VRHDPE. In
all thethree specimensthe optimum or peak deforma:
tionis5.10mm. Theequivdent deformingforceishow-
ever, higher with VHDPE which hasacorresponding
load of 5.19N followed by VRHDPE with 4.96N.
TRHDPE plastichas4.75N, and it is100% recycled
plastic. Thedeformation of thethree specimensagrees
withthat of athermoplastic above Tgwherethedastic
deformation will beduenot only to bondsbetweenin-
dividual atomsin chainsbut also, if crystalitesare
present, to intermolecular forcesaswell. Theload —
extension curvesalso agreeswith work by several re-
searcherg®%3., Inthe amorphousregions of such ther-
moplastics, however, themoleculesare only attracted
to each other by relatively weak Van der Waal sforces,
so that they areableto “slip’ into new permanent posi-
tionsrelativeto each other. Thistypeof movement is
not instantaneoudy but isdependent upontheviscosity
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of thematerial. Viscoel astic deformation thus occurs.

Figure 4-6 show thetensileloading of specimen
VHDPE, TRHDPE andVRHDPE. VHDPE specimen
attained the ultimatetensileforce of 6.99 KN before
deforming plasticdly to an extension of 81.2mm under
just asmall load of 1.89KN. TRHDPE attained the
ultimatetensileforce of 6.61KN during loading before
deforming plasticaly under asmal load of 2.31KN to
an extension of 50.72 mm, and VRHDPE attained the
ultimatetensileforce of 6.8KN duringloading before
deforming plastically under asmall load of 1.58 KN to
an extension of 52.87 mm. These deformation curves
agree with one of the five groups as classified by
Carswell and Nason for different typesof polymersand
severa other researcherg®3, Thethreeplasticsarein
thegroup of hightensile strength, modulus of el asticity
and toughnessasaresult of thepresence of crystalites
intheir structure’®4, Therecycled plastic TRHDPE
when compared with the control VHDPE has not per-
formed badly under deformation.

CONCLUSION

The properties of recycled waste HDPE plastic
have being studied vis-a-vis the properties of virgin
HDPE and the blend. Theresult has shown that Re-
cycled plastic hascomparable propertiesto virgin HDPE
though not asgood asvirgin HDPE propertiestherea
son being that the virgin HDPE hasmore crystallites
than recycled TRHDPE.

Thisstudy hasequally proven that recycling could
be an appropriate and beneficia routefor solid waste
management of high dengity polyethylene.

HDPE isnot biodegradabl e however; therecycled
TRHDPE plastic has propertiesthat are closeto those
of thevirgin HDPE plastic, recyclingisthereforerec-
ommended for the solid waste management of HDPE
wastematerias.

REFERENCES

[1] NESREA; Regulations and bye
www.nesrea.org, (2013).

R.U.Ayres, Metals Recycling: Economic and Eco-
nomic and Environmental Implications, Elsevier, Re-
sources, Conservation, and Recycling,145-173(1997).

laws,

[2]

ey Snoivonmental Science

Hn Tndéan g%wumé


http://www.nesrea.org,

198

Current Researceh Paper

[3] A.Plhom; Steel Scrap Recyclingin Nigeria: Some
serious imperatives for urgent Consideration, Pa-
per presented at the 28" Annual Conference of the
NMS Held at Abuja-Nigeria, (2012).

[4] PSantos, S.H.Pezzin; Mechanical Properties of
Polypropylenereinforced with recycled-pet fibres,
journal of Materials processing Technology, 143,
517-520 (2003).

[5] H.Esher, and K.Chen-Ming, Household Solid Waste
Recycling induced Production values and employ-
ment, Opportunitiesin Taiwan, Journal of Minerals
and materials Characterisation and Engineering,
1(2), 121-129 (2002).

[6] T.Takoungsakdakun, S.Pongstabodee; Separation
of mixed post-consumer PET-POM-PVC Plastic
waste using sel ective flotation, Separation and Pu-
rification Technology, 54, 248-252 (2007).

[7] A.E.Nnamdi; Investment Opportunitiesin Nigeria,
http://www.ni geriabusi nessplace.com, Foraminifera
Market Research, (2013).

Studies on the solid waste management of high density polyethylene

ESAIJ, 8(5) 2013

[8] E.l.Sunday; Investigation into the Quality of Re-
cycled Plastic Materials, B.ENG. Degree Project
submitted to the Faculty of Engineering University
of Uyo, 1-107 (2013).

[9] R.A.Higgins; Propertiesof Engineering Materials,
5" Edition, Hodder and Stoughton London, 245-271
(1985).

[10] R.S.Khuri and R.S.Sedha, Materials Science, 10"
reprint S.Chand Publishers, India, 282-285 (2011).

[11] W.Bolton; Materials for Engineering, 6" reprint
Butterworth-Heinemann Oxford, 74-84 (2002).

[12] R.K.Rajput; Engineering Materials & Metallurgy,
reprint , S.Chand Publishers, India, 90-200 (2011).

[13] Highbeam; plastic recycling online available at
www.highbeam.com/doc/1GI-17283295.HTML,
(2012).

[14] V.S.Aigbodion, C.U.Atuanya, E.A.lgogori and
A.RPIhom; Development of High Density polyeth-
ylene/ orange peel s Particul ate Biocomposite, Gazi
University Journal of Science, 1-7 (2012).

Snoivonmental Science
A Jndian ﬂo«/md


http://www.nigeriabusinessplace.com,
http://www.highbeam.com/doc/IGI-17283295.HTML,

