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ABSTRACT

Properties of agricultural waste plastic composigggely depend on mass ratio and chemical comipaosaf
individual components, as well as of the mixing Imets and mixing sequence of the components. Sigmifiy higher
values of the properties of polypropylene — agtimall waste (PP-Aw) composites indicated that ttep-procedure of the
composite preparation is more favorable. Maleicydnke (MA) in the form of maleated polypropylendAPP) was
frequently used as a coupling agent for produatioRP-Aw composites. It was found, that MA reliabiyproves adhesion
at the waste - polypropylene interface, thus cngatiomposites with better mechanical propertieg @bhievement of
effective coupling action already at 1.7 % - 29 addition, together with its favorable accessibibnd relatively low
price, recommend it for this purpose. However, dlddition of MA, at the same time reduced impactistasce of the
resulting composites. This study was conductedxtoréne the influence of MA addition to tensile sigéh, elongation,

modulus of elasticity of PP-Aw composites made WitAPP coupling agent as per the application.
KEYWORDS: Agricultural Waste Plastic Composites, Polypropglématrix, Coupling Agents, Properties
INTRODUCTION

Utilization of wood biomass has rapidly increaseudiny past decade. Especially sugarcane wastesugekas
replacements for glass fibers to reinforce thermstit composites. This trend relies on some adgestaf the wood
material over inorganic fillers, such as: low prib@&degradability, recyclability, low density, ahtgh modulus (Hwang at
al., 2008; Takatani at al., 2000; Sanady at ab5}9

Wood products and plastic polymer composites (WiR@E shown good potential to improve the watesstasce
of wood based composites, because thermoplastyengos are highly hydrophobic (Wang and Morrell, 208anady at
al., 1995; Mahlberg at al., 2001). On the othercharsing wood flour (WF) to reinforce polyolefirigd polypropylene
reduce impact and tensile strength of resulting WR@&h influence of wood flour presents one ofiigor disadvantages
(Kazayawoko at al., 1999; Djiporovic at al., 1997l4)is due to poor adhesion between the hydrophiood filler and
hydrophobic thermoplastic.

This problem can be overcome by the modificatiofiller/matrix interface with coating suitable cdiqg agents
on the surface of wood particles, polymer or bottcbmpounding, blending, soaking, spraying, or pbthethods (Lu and
McNabb, 2000). A number of investigations on iso@tas, silanes, anhydrides (maleic — MA, phtallRHA, succinic -
SA) and anhydride-modified polymers such as mateptdypropylene (MAPP) as coupling agents (Milkoaical., 2000;
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Djiporovic at al., 1996; Maldas and Kokta, 1990,1p%ere performed. The results indicated that MA&P,known
commercial agent, successfully improved the filtetrix interface. However, the MA addition, at teme time reduced

elongation, modulus and impact resistance of theltiag PPWF composites.

The limited impact resistance of PP-WF compositaderwith MAPP may prevent their use in some apitina.
On the other hand, the use of MAPP in the compgsiéparation is quite simple and very economicakeigard to other

commercial agents.

The plastic based composites, the polymers, eitiemmoplastics, act as a matrix and flour of woodther
natural flour are reinforcement. The reinforcinguft is the main load-carrying component in the cositgs. It provides
high strength and stiffness as well as resistancbending and breaking under the applied stregerfice bonding
between the fillers and the matrix is the key tmgfer the stress from the matrix into the fillacsoss the interface. The
interface adhesion between the polymer matrix anddnfillers can be improved using coupling agefitse coupling
agents will form a bond between the wood flourrf@icement) and the thermo-plastic (matrix) throulgé improved

compatibility and developing a mechanical or cheionding.

The studies regarding the influence of MAPP onrfarstability of wood particles during processing &ery
scarce (Myers and Shahyadi, 1993). Our previous \Rjiporovic at al., 2003) revealed the presenta large number of
voids in PP-WF composites, perhaps because ofatieeof thermal decomposition of lignocellulosesntéd al. reported
that the use of MgO as a processing stabilizemfood flour-filled PP can reduce the influence ofjdelation on the

composite properties (Han at al., 1989).

It was also observed that the properties of woadtig composites largely depend on chemical cortiposof
individual components, as well as on the settingsameters of the mixing methods and mixing sequesfcéhe
components. It was found that higher temperatunmiging, sousing degradation both matrix and fibgrgreater degree.
In addition, a longer mixing time as well as a asbtation speed of mixing decreasing the aspict of particles causing
reduce the mechanical properties of composites t&ak al., 1986; Raj at al., 1992; Sapieha atl8l86; Stark, at al.,
2003; Maldas and Kokta, 1991; Djiporovic at al.9IB).

The mentioned reasons induced the investigatioasepted in this study. The influences of variouyswaf
composite preparation on properties of PP compositre studied. All composites were prepared wifinaé amounts of
PP matrix vs. waste flour (Aw) as filler (1:1) awith 1.7% of maleic anhydride (MA).

MATERIALS AND METHODOLOGY

Agricultural Waste

Sugarcane production waste (bagasse) is usedasfarcing material in this study which is colledttom the
local Jaipur sugarcane juice producer G.T.Road fid®h bagasse of sugarcane received is dried &C1fa8 24 h to a
moisture content of about 2-3% and then groundéihér flour by using a sieve analysis. The siemalgsis found that
most of the particles remained in the 35-45 megsbsswith corresponding particle diameter ranginggvben 0.2 and 0.5
mm (200um<D<500um).
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Figure 1: Finely Sized Sugarcane Bagasse
Thermoplastic Polymer

Both virgin and recycled post-consumer thermoptastif PP are used in this study. Polypropylene haged
from the reliance industries limited (RIL) whichnsanufacturing at Hazier manufacturing division &uvillage Mora. It
is homo polymer and it is full recyclable and réaleaThe grade is HLO0 MA. After arriving at the dabtory, the plastic
granules are dried at 65°C for 12 hr before mixang compounding with sugarcane bagasse in a twawsextruder.

Figure 2: Polypropylene Homopolymer Granules
Coupling Agent

The coupling agent used is maleated polypropyled@&RP). This was collected from Kaizen chemicals
Ahmedabad.
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Figure 3: MAPP Chemical Structure
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COMPOSITES PREPARATION

Mixing and Compounding

The sugarcane bagasse is compounded, respectitiythe recycled and the virgin plastic granulB®) using
the co-rotating twin-screw extruder at an operatiogdition, speed of the screw 80 rpm, cycle timmei® temperature 186
to 190 °C.

Figure 4: Conical Twin Screw Extruder

The operation conditions of the co-rotating twimese extruder compounding including extruder barrel
temperature at different extruding zones, meltgres and screw speed employed for the compouradibgth sugarcane
bagasse and plastics (PP). The bagasse and thie ptasfed through feeders at the extruder. Thstjd pellets are firstly
fed from the main feeding hopper at the end ofakieuder, and then the bagasse is fed throughdefegéhe extruded
strand coming out from the die head is then pasisemligh a water bath and subsequently palletizé@. domposite
formulations are designed as per the mass propdrtipercentage. The plastic composition was vdri@eh 50-100 wt. %
while the wood flour varied from 0- 50 wt. % in tbemposites. In some formulations, coupling aghtARP) is added at
the proportion of 3 or 5 wt. %. In the text of tipiaper V, R, Aw and M will be used to represengiviy recycled, bagasse
and coupling agent and the composition is givethieypercentage values (% wt.) in the formulatidnghe formulations
where the MAPP is added, the plastics mass is egluorrespondingly thus, the total proportion & fHastics and the
agent is either 50% (RPPAWM1) and (RPPAWM?2).

Injection Moulding of Pellets

Injection molding (British English: moulding) is manufacturing process for producing parts from both
thermoplastic and thermo set plastic materialsicAdfural waste (bagasse) pellets material is f#d a heated barrel,
mixed, and forced into a mold cavity where it coalsd hardens to the configuration of the mold gav@dperating
condition of the injection moulding temperaturetbé cylinder is about 200 OC, temperature of thalth&0 0C and

holding pressure up to 10 sec is 500 bars.

Table 1: Composite Formulation for PP Series (% byVeight)

C’?TE‘:’S“ P_lﬁfﬂc Plastic(Pp) | Bagasse| Coupling Agent
VPP1 Virgin 100 0 0
RPP1 Recycled 100 0 0
VPPAWL |Virgin 60 40 0
RPPAw1 | Recycled 60 40 0
VPPAW2 |Virgin 50 50 0
RPPAw?2 | Recycled 50 50 0
1RPPAWM Recycled 47 50 3
EPPAWM Recycled 45 50
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EXPERIMENTS/RESULTS AND DISCUSSIONS

Water Absorption Properties

Dimensional stability of the composites is inveategl for both VPP and RPP with and without additérihe
MAPP coupling agent. From the experimental resllitstrated in table 2. It is found that the wasdasorption is increased
with increasing wood content in the composites thaitue both for 2 h and for 24 h water immersilbris also found that
the water absorption for 2h immersion varied fro®20to 1.3%, and after 24 h water immersion, théewabsorption

increased from 0.04 to 4.1% depending on the coitgpfismulations.

Table 2: Experimental Result

Compoaits mmple code Water sheorption (%)
2 p

VPP 3
PPl 0.02 0.04
VPRAw] 1.8 L&
RPPAw] 054 115
VPRARD 11 41
EPRAwD 13 36
EFRA=M 1511 13
FPPAWALD 042 L1l

Water absorption 24 h (%)

I l | | l'l W Water

absorption 24
h (%)

O WU

Figure 5: Water Absorption Graph

The composites made of RPP have lower water alignrppmpared to those made of VPP given the same
bagasse to PP ratio. It is also noted that thelomupgent (MAPP) can significantly reduced the evagbsorption. As the
RPP may have experienced chain scission beforehgratt of OH- of polymer already consumed by thgalsae thus
having lesser water resident sites Additionally Hagasse dispersion is poor in case of VPP matnmposites. When
coupling agent is added, the influence of the dstbagasse ratio is no longer as important aeércomposite without
the coupling agent. With 3-5 wt. % MAPP, the wadbsorption is reduced at 2h and 24h immersionsnaifee RPPAW2

composite formulation.

With the increase in bagasse content, there are mater-residence sites thus more water is absoedhe
other hand, the composites made with higher plasictent have less water-residence sites and thwer|water
absorption. The water absorption of the entirely°RIP entirely RPP was only 0.02-0.03% after 2 h @u@dl-0.05% after
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24 h water immersion

Thickness Swelling Properties

Thickness swelling of the bagasse-PP composites sasilar trend as the water absorption and coitgggith
high water absorption also showed higher thickisegalling. The thickness swelling values for the Brimersion varied
from 0.01 to 0.32%, and these values are increafied 24 h immersion, varying from 0.02 to 1.21%eleding on the

composite formulation.

Samples made with lower content of bagasse havdothest thickness swelling as for the water absonpt
However, MAPP coupled composites showed less teiskrswell than composite samples without the cogmigent at
the same wood content. In general, the compositdentd virgin and recycled PP has similar dimendigtability
properties without adding the coupling agent. Hosvethe stability properties of these compositesimproved by adding
3-5 wt. % MAPP coupling agent. As cellulose fibsrthe main component in the bagasse, the absorbtst wostly
resides in the regions such as the flour lumeresc#il wall, and the gaps at the interface betwibenbagasse and the

polymer matrix.

Table 3: Experimental Result

Compots sample code Thickmess svelling 24h (3)

2h 24h
VIRl 0.01

FERL p.01 I
VEPAw] 0.2 o
RPPAw1 018 059
VERAW2 032 121
BPPAV2 0.8 i
RERARMI 55
FPRARMLD 0.11 043

Microstructure Characterization

Thickness swelling 24h (%)

W Thickness
swelling 24h
(%)

[=l=l=1 =

Figure 6: Swelling Graph

Microstructure of the fractured surface of specisasted in tensile is examined using SEM. SEM anagf the
sugarcane bagasse-PP composites at filler loadiBf wt. % for VPP and RPP matrices are shown ga7&a) and (b), in

1000x magnification. From these images, it is ¢feabserved that there are distinct cluster andsdagiween polymer
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matrix and bagasse. The patterns from bagassartab weakly bonded to the matrix have been reteiem the matrix
during fracture. The failure surface is undulatethwlear bagasse surfaces with visible trachaidslamen, indicating the
path of weaker part through the wood-wood interfaice weakest polymer matrix. This suggests thaintieeface between

the bagasse and PP matrix is weaker due to thedigmersion and compatibility.

Figure 7: SEM Images(X1000) of Fractured Surface o) Vppaw?2,B)Rppaw?2
The dispersion of the bagasse in the RPP matrgu(Ei8(b)) is uniform as compared to VPP matrig(iFe 7(a)).

This may be due to the different grade of plastid ather impurities in the RPP. In some casesp#re of the
wood lumen is filled with plastic that could inceeathe strength of the composites because of meeetamnterlocking.
When bagasse content is increased, the polymeixmgtno longer continuously distributed and maragasse are in

direct contact with one another, resulting in pbonding at adhesion at the interface.

Figure 8(a) and (b) show SEM images of fracturdaser of the 3 and 5 wt. % MAPP incorporated contpssi
filled with 50 wt. % bagasse. SEM image showed thate are no clear gap between bagasse and PR, imaticating the
good interface bonding. The fracture surface ofcttraposite showed a very limited amount of tornrirasuggesting that

the matrix is more brittle than those compositethout MAPP.

Figure 8: SEM Images(X1000) of Fractured Surface oA) Rppawm1,B)Rppawm?2

It is also seen that a crack running through thgabse, and this could be an indication of stressster from the
matrix to the bagasse. The interfacial bonding betwthe filler and the PP matrix is improved dué¢ht® esterification

mechanism and the fracture occurred at the fitkslfi. This means that the stress is well propabb&tween the filler and
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the matrix polymer, resulting in enhanced flexusttbngth and modulus in response to stress. Irtiaddihe fracture
surface showed a very limited amount of torn matsixggesting that the composite is more brittlegéneral, coupling
agent is randomly distributed in composites anddoamy reacted with bagasse and the matrix to forraftg
polymerization. Hence, grafting sites are randodigyributed on bagasse, and a network of couplgenais formed at the
interface. However, there is a limit for chemicaupling reaction and only part of coupling agenswgeafted onto bagasse
surface and even cross-linked at the interfacethBgrthe fracture surface of the composite comtgi® wt % MAPP
showed a very limited amount of torn matrix, sugiggsthat the matrix is more brittle than those@mposites containing

3 wt % MAPP. This phenomenon is mainly due to tkeessive modification of the base polymer.

Comparison between Figure 7 and 8 it is observat ibn-coupled composite samples had a weak iotalfa
region and damage mainly occurred along the loagdensak interface between the bagasse and PP matter loading.
However, with the MAPP coupled composites, the bagas combined with the PP matrix through the lemtdbonding or
strong interfacial bonding, and interfacial fragtwsually accompanied with a cross section damatieedagasse. Hence,
after the failure, the bagasse surface in the ateidecomposites is smooth; whereas the bagasde iMAPP treated

composites has a rough surface. It is embedddwimatrix with a chemical link.
CONCLUSIONS

SEM images of the fractured surfaces of compogite¥irmed that an addition of the MAPP coupling rtge
improved the interfacial bonding between the poly@red the bagasse filler for the RPP based congsosgtability and
mechanical properties of the composites can becaetii by addition of coupling agents. SEM imageshef fractured
surfaces of composites confirmed that bonding gtfebhetween recycle PP and bagasse stronger tedrottding strength
between virgin PP and bagasse. Dimensional stalpilitpertied of the composites are improved with dddition of 3-5
wt. % MAPP coupling agent in the same compositenfdations. Bagasse plastic composites are made wsiycled
polypropylene (RPP) with bagasse (sugarcane wastéller. Post-consumer plastics and waste froricalgural are used
as raw materials. Corresponding composites arenadste for some composite formulations using viglastics (VPP) for
comparative studies. Composites sample are madeghmelt compounding and injection moulding baseglastic type

(PP), plastic form (virgin, recycled), bagasse enahtand adding of MAPP coupling agent.
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