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ABSTRACT

Blends of polypropylene (PP) with compatibilized and uncompatibilized plasticized potato starch (PPS) have been
prepared using an injection molding machine. Glycerol was used as a plasticizer and variable amounts of plasticized
potato starch were processed in the presence of polypropylene-graft-maleic anhydride (PP-g-MA) as the
compatibilizer. The addition of PPS was found to be directly proportional to the Young’s modulus and inversely
related to the tensile strength and elongation at break. However, tensile properties were observed to improve on
addition of PP-g-MA to the blends due to improved interfacial adhesion between PPS and PP as shown by the SEM
micrographs. The percentage of water gained and weight loss of the PCPS/PP blends were lower than the PPS/PP
blends indicating good interfacial adhesion. The plants germinated and grew freely indicating that no harmful

effects on the plants due to biodegradation products.
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I. INTRODUCTION

Conventional synthetic plastics have been engineered to
be stable in many types of environments and to persist
for a long period of time. The dominant desire of
plastics and their cost-effective production has led to
their ubiquitous use and is also the main reason that their
disposal presents such problems [1]. Furthermore,
petroleum based plastics have been seen to contribute to
ecological unbalance, both from a source point of view
and from a waste management stand point. However,
pretty efforts have been advanced in reduction at source
(i.e. replacing plastics at the manufacturing stage); in
most cases recycling and disposal are the major ways in
which plastics are dealt with post-consumers [1].

In view of the problem associated with the synthetic
plastics, the search for alternatives to traditional
petroleum-based plastics is progressing to the point that
not just the source, but also the downstream
consequence are being addressed in the form of
biodegradable plastics.
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Most of the common conventional plastics (e.g.
polyethylene, poly (vinyl chloride), polypropylene and
polystyrene) are  non-degradable  and  their
biodegradability can be enhanced by the incorporation
of biodegradable additives such as starch to the
formulation of plastics [2], [3], [4].

Starch is one of the cheapest and most abundant
botanical resources, and is wholly degradable in a
number of environments [5]. These attributes have led to
exploring starch as a polymer for various applications.
In its applications in biodegradable plastics, starch is
either physically mixed in with its native granule, kept
intact or melted and blended on a molecular level with
the suitable polymer. In each case, the portion of starch
in the mixture which is accessible to enzymes can be
degraded by either or both amylases and glucosades [6].

It has been shown that increase in the starch content and
decrease in the starch granule size increase the
biodegradability of the plastic blends [7], [8], [9].
However, wide use of starch film is limited by its
mechanical properties and efficient barrier against low
polarity compounds [10].
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The use of plasticizing agents (such as glycerol) in
starch blend films is required to overcome film
brittleness, occasioned by high intermolecular forces.
Plasticizers function by interspersing and intercalating
among and between polymer chains, disrupting
hydrogen bonding and spreading the chains apart, which
not only increase flexibility, but also water vapor and
gas permeabilities [11], [12], [13].

On the other hand, the incorporation of starch into
synthetic polymers causes a reduction in the mechanical
strength of the resultant products [14], [15], [16]. To
overcome this problem of mechanical strength reduction,
a number of approaches such as the chemical
modification of starch [17], [18], [19], [20], [21], the use
of compatibilizers [16], [22], [23], fatty acids [17], and
ethylene-co-acrylic acid [24] is adopted. Furthermore, it
has been observed that the amount of starch in the blend
also affects its mechanical properties. The mechanical
and rheological properties and processability of the
blend system have shown to worsen on increasing the
starch content [25], [26], [27]. Studies have shown that
the size and type of starch in the plastic blends [28] and
the ratio of amylose to amylopectin of starch [29] affect
the physical and mechanical properties of the
starch/plastic blends.

In this study, the incorporation of plasticized and
compatibilized  indigenous  potato  starch into
polyethylene has been considered as a means of
improving the mechanical and biodegradable properties
of the starch/pp blends. In this regard, the effects of
starch content, plasticizer and compatibilizer on the
mechanical properties, water absorption,
biodegradability and fracture surface morphology of the
blends have been investigated.

II. METHODS AND MATERIAL

Materials
Polypropylene  pellets with  properties  (melting
temperature, 165°C and melt flow index (MFI),

709/10min) were obtained from Ceeplast industries Ltd,
Nigeria. Maleic anlydride-graft-polypropylene (MA-g-
PP) with properties (melting point, 156°C and density,
0.934g/cm®), obtained from Sigma-Aldrich corporation
was used as a compatibilizer. Glycerol plasticizer was
purchased from Ajax chemicals. Sweet potato starch

extracted from sweet potato tubers (Ipomoea batatas)
which were purchased from Natural Root Crop Research
Institute, Umudike, Abia State, Nigeria. It was sieved to
a particle size of 0.075mm.

Preparation of Plasticized Potato Starch

Potato Starch (PS) was converted to plasticized potato
starch (PPS) by adopting the method employed by St-
Pierre et al., [30] using a high speed laboratory mixer.
Homogeneous mixture of starch, water and glycerol was
obtained at 70°C and 50 rpm. The modified starch was
then oven dried at 90°C for 12 h to reduce moisture
content.

Preparation of PPS/PP blends: Blends of plasticized
potato starch and polypropylene were obtained with an
injection molding machine at a temperature of 160-
190°C and screw speed of 50 rpm. The PPS loadings
ranged from 0-50 wt. % whereas MA-g-PP was used at
10wt. % based on the starch content. The injection
molded sheets were over dried for 24 h at 70°C to
reduce moisture content to barest minimum.

Tensile Properties
The universal tensile testing machine, Instron 3366 was

used to carry out the tensile tests for the PPS/PP blend
samples according to ASTM D 638. The test was
performed at a cross-head speed of 5Smm/min at 23+5°C
on a dog bone shaped specimen of 3mm thickness. Five
specimens were used to obtain the average values of the
tensile properties.

Water Absorption Study

Water uptake study of the various PPS/PP blends was
conducted using cut samples of known dimensions (20 x
20 mm). These cut samples first were carefully washed
with distilled water, over dried at 50°C for 12 h, cooled
in a desiccator, and immediately weighed to the nearest
0.001g to obtain the initial weight (W,). Afterwards, the
samples were immersed in distilled water at room
temperature range 32-36°C. Samples were removed
from the water at definite time intervals (10 days) and
weighed to obtain the weight after immersion in water
(W,). The percent (%) water absorbed by the samples
was calculated using,

% Water Absorbed = [(W; —Wg)/Wg]x 100 .................... (1)
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Soil Burial Test

PPS/PP blend samples of dimensions, 20 mm x 20 mm
were used to undertake the soil burial test at room
temperature to determine the biodegradability of the
PPS/PP blends. The samples were buried 100 mm below
the surface of alluvial soil placed in perforated plastic
boxes which was regularly moistened with water. The
samples were removed at regular time intervals (10
days), washed with distilled water, dried at room
temperature prior to weighing. The percent weight loss
of the samples measured after every 10 days and that got
after every tenth day were determined respectively as
follows,

% Weight Loss = [(W; — W3)/W,] X 100.........cccccvvvrennee. 2

Where W, and W5 are initial mass before and after
degradation in the soil respectively

% weight loss (after every 10days) =
Initial wt. before 10days—final wt. after 10days

x100....

3)

Intial wt. at the beginning

Growth of Plants

The growth of some annual plants (soya bean and wheat)
was monitored from the germination stage to find out
whether or not degradation products from the PPS/PP
samples would affect their growth. The plant seeds were
placed in different pots containing the already removed
PPS/PP samples, and were allowed to grow in the open
for 30days. The length of the roots and height of the
shoots of the growing plants were measured.

Morphology Test

The microstructure of the PPS/PP blend sample was
evaluated using Scanning Electron Microscope (SEM).
The samples were oven dried to remove moisture prior
to sputter coating with a thin layer of gold to avoid
electrical charging.

III. RESULTS AND DISCUSSION
Tensile Properties

The properties of tensile strength (TS), Young Modulus
(YM) and elongation of break (EB) of both
compatibilized and uncompatibilized plasticized potato
starch /PP blends at different starch content are
presented in Figures 1 and 2. It can be seen that the

behaviour of the tensile strength and elongation at break
is inversely related to the starch content. This trend
indicates that the tensile strength and elongation at break
decrease with increase in starch loading. It is evident
that the tensile strength and elongation at break of
PPS/PP blends decreased from 38.902 N/mm? to 12.670
N/mm? and 17.2% to 4.9% respectively (Fig.1). The
observed reduction is due to the poor interfacial
adhesion between the two polymers with differing
polarities which results in poor stress transfer between
the matrix and the dispersed phase which possibly
formed pockets of agglomerates.
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Figure: 1.Tensile properties of PPS/PP blends

On the other hand, the Young’s modulus had a direct
relationship with the starch contents on addition to PP
matrix as envisaged. The modulus increased from
226.174 N/mm?® to 278.980 N/mm” when the starch
concentration was increased from 0 to 50 wt. %. Rosa et
al., [31], Wahab and Mottaleb [32] and Hanafi et al., [33]
have observed similar scenario in their respective studies.
However, as the compatibilizer (MA-g-PP) was added
into the PPS/PP blends, up to 50 wt. % starch content,
the tensile strength and elongation at break of the blends
significantly increased even though the values are still
below the values of the pure PP (Fig.2). This is due to
the ability of the MA-g-PP to improve interfacial
adhesion and enhance the interaction between starch and
PP components. This has been corroborated by SEM
micrographs. It is observed that the TS of the blends
increased by 42.69% and 67.86% while EB increased by
33.33% and 44.90% with reference to the
uncompatibilized blends at 10wt.% and 50 wt.% starch
content respectively. Again, with the same starch
content, the PPS/PP blend with MA-g-PP showed higher
Young’s modulus than the uncompatibilized blend
counterparts (Fig.1). This outcome is tied to the cross
linking and the better interactions between starch and PP
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in the presence of MA-g-PP. The Young’s modulus at
10 wt. % and 50wt.% increased by 7.04% and 7.38%
relative to the uncompatibilized blends respectively.
Similar to our findings are the results obtained using
hydrophilic fillers [33], [34], [35], [36], [37].
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Figure: 2.Tensile properties of PCPS/PP blends

Water Absorption Study

The water absorption characteristics of the PPS/PP and
PCPS/PP blends against filler content as a function of
time are presented in Figure 3. Results show that water
uptake gradually increased with increasing starch
content as well as immersion time. The hygroscopic
nature of starch filler is due to the presence of hydroxyl
groups. These hydroxyl groups increased with
increasing starch content hence formation of hydrogen
bonds between the fillers and the water molecules
increased leading to high water uptake [38], [39], [40].
Again, poor interfacial adhesion associated with high
filler content may generate anticipated cracks and voids
between the starch filler and the matrix resulting to
increase in water absorption [34]. However, PCPS/PP
blend exhibited low water absorption behavior than the
PPS/PP blends due to positive interaction between the
PCPS/PP blends that resulted in cracks and voids
minimization. The difference in water absorption rate for
PPS/PP blends relative to PCPS/PP blends was about
38.02% and 13.61% at 10 wt. % and 50 wt. % filler
content respectively. The maximum percentage water
uptake increment at 50 wt. % starch content may be
linked to the percolation of starch particles from the
samples at high starch content with time [15].
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Figure: 3. Water absorption of PPS/PP and PCPS/PP blends after 90 days of
immersion

Soil Burial Test

The weight loss of PPS/PP and PCPS/PP blends as a
result of the changes in weight with time is clearly
highlighted in Fig 4. As it is the case with plastic matrix
where starch is used as an additive, blend in contact with
the soil and /or water is attacked by the soil
microorganisms. It could be observed that
biodegradation of the blends increases with increase in
starch content and time for both PPS/PP and PCPS/PP
blends up to 24%. Further observation indicates that PPS
blends showed higher weight loss than PCPS blends,
with an index of about 36% at 10wt. % and 34% at
50wt. %. This may be linked to higher interfacial
adhesion existing in PCPS/PP blends. The weight looses
percent of PPS/PP and PCPS/PP blends measured after
every ten days have been investigated and are illustrated
graphically in Fig 5. This was taken as the weight of the
sample on each 10th day minus the proceeding weight of
the sample prior to ten days. It is shown that at lower
starch (< 20wt. %) content, the weight loss was low but
increased with starch content for both blends. The PCPS
blends showed lower rate of weight loss and may be
attributed to improved interfacial adhesion between the
filler and matrix in the blends.
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Figure: 4. Weight loss of PPS/PP and PCPS/PP blends after 90 days of soil
burial
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Figure: 5. Weight loss after every 10 days for PPS/PCPS blends after 90 days
of soil burial

Growth of Plants

In order to determine the effects of biodegradation
products on the lives of the plants, wheat and soya bean
plants were planted in plastic containers where PPS/PP
and PCPS/PP blends. The plants were carefully watched
from germination stage, and the shoots of the plants
were measured as presented in Figs.6 and 7 respectively.
It is seen that the plants under study germinated and with
different growth rates irrespective of the starch contents.
At early stages, the rate of growth was rapid and slowed
down later. This phenomenon could be because the
plants were approaching maturity. Furthermore, the
response of the plants roots was also monitored since
they were directly in contact with the soil sample. The
determined average length of the roots for both PPS/PP
and PCPS/PP blends is shown in Table 1. It could be
observed that the roots were fresh and alive and were
responsible for nutrients uptake which in turn promoted
the growth of the plants. This phenomenon indicates that
the degradation products are not detrimental to the
growth of the plants.
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Figure: 6. Length of wheat and soya bean plants for PPS/PP blends at the end
of 30days
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Figure: 7. Length of wheat and soya bean plants for PCPS/PP blends at the
end of 30days

Table 1: Average Length of plants roots for PPS/PP and PCPS/PP blends.

Starch | PPS/PP Blends | PCPS/PP Blends
C(\’/r\‘/tem Wheat | Soya | Wheat | Soya
0 L (cm) bean (cm) bean
(%) (cm) (cm)
10 1430 | 23.00 | 13.60 | 21.70
20 1540 | 21.30 | 12.50 19.50
30 12.80 | 22.30 | 1450 | 20.80
40 1350 | 21.60 | 12.30 19.30
50 13.30 | 20.70 | 13.00 18.20

Morphology Test

Figures 8 and 9 show the SEM micrographs of fracture
surfaces of PPS/PP and PCPS/PP blends for 10 and 50
wt.% starch loading before and after soil burial. The
rough surface effects associated with plasticized starch
could be observed as shown in the figures. However, the
effect is minimal in PCPS/PP blends due to the presence
of compatibilizer for both the 10 and 50 wt. % blends.
Generally, the agglutination of blends at higher starch
content can be reduced with the addition of a
compatibilizer. This further suggested that improvement
of tensile properties of PPS/PP blend on incorporation of
PP-g-MA. All in all, majority of the grains seem to
disappear because of microbial attack after 90 days of
soil burial. This leaves a blend with a surface full of
holes which are predominant with increase in starch
loading and burial time as well as presence of
compatibilizer as shown in Figure 9 showing enhanced
interfacial adhesion between starch and polypropylene.
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(d)
Figure: 8. SEM micrographs of PPS/PP blends, 8 (a & b) at 10 %, 8 (c & d) at
50 % PPS before, and after soil burial

(d)
Figure: 9. SEM micrographs of PCPS/PP blends, 9 (a & b) at 10 %, 9 (c & d)
at 50 % PCPS before and after soil burial

IV. CONCLUSION

The addition of plasticized potato starch (PPS) into
polypropylene matrix was found to be directly
proportional to the Young’s modulus and inversely
related to the tensile strength and elongation at break of
the blends. The incorporation of PP-g-MA into the
PPS/PP blends is necessary to enhance the tensile
properties.

Water absorption by the PPS/PP blends increased with
the increase in starch content due to the hydrophilic
nature of PPS but was however reduced on addition of
compatibilizer.

The soil burial study revealed that the weight loss
percent is higher for uncompatibilized than the
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compatibilized PPS/PP blends indicating poor interfacial
adhesion.

As for the growth of plants, the biodegradation products
of the various blends presented no harmful effects on the
plants. The fracture surfaces of the SEM micrographs of
the blends indicate better presence of the compatibilizer

V. REFERENCES

[1]. Mooney, B. P. 2009. The Second Green Revolution?
Production of plant-based biodegradable plastic.
Biochem J; 2009, 418, 219-232.

[2]. Huang, J. C., Shetty, A.S., and Wang S.W. 1990.
Biodegradable Plastics; A review. Adv. Polym. Tech.,
10, 23-30.

[3]. Doi, Y., and Fukuda, K. 1994. Biodegradable Plastics
and Polymers. Elsevier Science B. V, 601-608.

[4]. Potts, J. E. 1981. Environmentally Degradable Plastics.
In:Kirk-Othmer Encyclopedia of Chemical
Technology, 3rd ed., Suppl. vol., John Wiley, New
York, 638-668.

[5]. Whistler, R. H. 1984. History and future expectation of
starch use. In Starch Chemistry and Technology, 1-9.
Academic Press San Francisco.

[6]. Chandra, R., and Rustgi R. 1998. Biodegradable
Polymers. Prog. Polym. Sci., 23, 1273-1335.

[7]. Lim, S., Jane J., Rajagopalan S., and Seib P. A. 1992.
Effect of starch granule size on physical properties of
starch-filled polyethylene film. Biotech. Prog., 8, 51-
57.

[8]. Peanasky, J. S., Long, J. M., and Wool, R. P. 1991.
Percolation effects in degradable PE-Starch blends.
J.Polym. Sci. Part B: Phys., 29, 565-571.

[9]. Zuchowska, D., Steller, R., and Meissner, W. 1998.
Structure and properties of degradable polyolefin-starch
blends. Polym Degrad. Stab., 60, 471-480.

[10]. Kester, J. J., and Fennema, O. R. 1986. Edible films
and coatings: A review. Food Tech., 40, 47-59.

[11]. Sorbal, P. J. A., Menegalli, F. C., Hubinger, M. D., and
Roques, M. A. 2001. Mechanical, water vapour barrier
and thermal properties of gelatin based films. Food
Hydro Colloid, 15(6), 423-432.

[12]. Baldwin, E. A., and Baker, R. A. 2002. Use of proteins
in edible coatings for whole and minimally processed
fruits and vegetables, protein-based films and coatings,
CRC press, FL.

[13]. Gontard, N., Guilbert, S., and Cuq, J. L. 1993. Water
and glycerol as plasticizers affect mechanical and water
vapour barrier properties of an edible wheat gluten
film. J. Food Sci., 58, 206-211.

[14]. Nikazar, M., Sarafi, B., Bonakdarpour, B., and Miluniz.
2005. Improving the biodegradability and mechanical

12 L




[15].

[16].

[17].

[18].

[19].

[20].

[21].

[22].

[23].

[24].

[25].

[26].

[27].

[28].

strength of corn-starch-LDPE  blends through
formulation modification. Iranian Polym. J., 14(12),
1050-1057.

Obasi, H. C., and Igwe, I. O. 2014. Cassava starch-
mixed  polypropylene  biodegradable  polymer:
preparation  characterization and  effects  of
biodegradation products on growth of plants. Int. J. Sci.
Res., 3(7), 802-807.

Wu, C. 2003. Physical properties and biodegradability
of maleated-polycaprolactone/starch composite. Polym.
Degrad. Stab., 80, 127-134.

Griffin, G. J. L. 1977. Synthetic resin sheet material.
US Patent, 4021, 388.

Kiatkamjornwong, S., Thakeow, O., and Sonsuk, M.
2001. Chemical modification of cassava starch for
degradable polyethylene sheets. Polym. Degrad. Stab.,
73, 363-375.

Evangelista, R. L., Nikolov, Z. L., Wei, S., Jane, J., and
Gelina, R. J. 1991.Effect of compounding and starch
modification on properties of starch filled low-density
PE Ind. Eng. Chem. Res., 30, 1841-1846.

Lee, S. J., Kim, S. H., and Kim, M. 1999. Mechanical
properties and thermal degradability of degradable PE
films prepared with oxidized potato starch. Food Eng.
Prog., 3, 141-151.

Kim, M., and Lee, S. 2002. Characteristics of cross-
linked potato starch and starch-filled linear low-density.
Carbo. polym., 50, 331-337.

Waryat, M. R., Suryani, A., Yuliasih, I., and Jodan, S.
2013. Using of a compatibilizer to improve
morphological, physical and mechanical properties of
biodegradable plastic from thermoplastic
starch/LLDPE blends. Int. J. Eng. Tech., 13(1), 115-
122.

Obasi, H. C. 2013. Tensile and biodegradable
properties of extruded sorghum flour filled high density
polyethylene films. Acad. Res. Int., 4(5), 78-86.
Bikiaris, D., Prinos, K., Kouesopoulos, K., Vouroutzis,
N., Pavlidou, E., Frangis, N., and Panayiotou, C. 1998.
LDPE/plasticized starch blends containing PE-g-MA
copolymer as compatibilizer. Polym. Degrad. Stab., 59,
287-291.

Willet, J. L. 1994. Mechanical properties of
LDPE/granular starch composite. J. Appl. polym. Sci.,
54, 1485-1695.

Kim, M. 2003. Evaluation of degradability of hydroxy-
propylated potato starch/PE blend films. Carbo. polym.,
54, 173-181.

Lim, S. T. and Jane, J. L. 1992. Effect of starch granule
size on physical properties of starch filled PE film.
Biotech. Prog., 8, 51-57.

Lee, B., Pometto, A. L., Fratzke, A., and Bailey, T. B.
1991. Biodegradation of degradable plastic PE by

[29].

[30].

[31].

[32].

[33].

[34].

[35].

[36].

[37].

[38].

[39].

[40].

phanerochaete and streptomyces species. Appl. Envir.
Microbiol., 57, 678 - 685.

Mani, R., and Bhattacharya, M. 1998. Properties of
injection molded starch/synthetic polymer blends IlI:
Effect of amylopectin to amylose ratio in starch. Eur.
Polym. J., 34, 1467-1475.

St-Pierre, N., Favis, B. V. D., Ramsay, B. A., Ramsay,
J. A, and Verghoogt, H. 1997. Processing and
characterization of thermoplastic starch/PE blends.
Polym; 38(3), 647-653.

Rosa, D. S., Guedes, C. G. F., and Carvalho, C. L.
2007. Processing and thermal, mechanical and
morphological characterization of post-consumer
polyolefins/thermoplastic starch blends. J. Mater. Sci.,
42, 551-557.

Wahab, M. A., and Mottabeb, M. A. 2001. Mechanical
properties and water absorption of rice starch-filled
LLDPE. Korean Polym. J., 9(6), 297-302.

Hanafi, I., Razif, N., Zulkifi, A., and Azura, R. 2010.
Processability and miscibility of Linear Low density
Polyethylene/poly (vinyl alcohol) blends: In situ
compatibilization with maleic anhydride. Iranian
Polym. J., 19(4), 297-308.

Demir, H., Atikler, U., Balkose, D., and Tihminilioglu,
F. 2006. The effect of fibre surface treatments on the
tensile and water sorption properties of PP-luffa fibre
composites. Comp. Part A: Appl. Sci. Manufact., 37(3),
447-456.

Santiagoo, R., Ismail, H., and Hussin, K. 2011.
Mechanical properties, water absorption, and swelling
behaviour of rice husk powder filled PP/recycled
acrylonitrile  butadiene  rubber  (PP/NBRr/RHP)
biocomposites using silane as a coupling agent. Bio
Resources, 6(4), 3714-3726.

Yang, H. S., Kim, H. J., Son, J., Park, H. J., Lee, B. J.
and Hwang, T. S. 2004. Rice husk flour filled PP
composites, mechanical and morphological study.
Compos. Struct., 63(3-4), 305-312.

Sam, S. T., Ismail, H., and Ahmed, Z. 2009. Linear
Low density PE/Soya powder blends containing PE-g-
MA as a compatibilizer. J. Vinyl Addit. Technol.,
15(4), 252-259.

Rahman, R., Islam, N., and Huque, M. 2010. Influence
of fibre treatment on the mechanical and morphological
properties of sawdust reinforced PP composites.
Compos. Part A, 18(3), 1739-1747.

Ismail, H., Edyhan, M, and Wirjosentono, B. 2002.
Bamboo fibre filled natural rubber composites: The
effects of filler loading and bonding agents. Polym.
Testing, 21(2), 139-144.

Lee, H. S., Cho, D., and Han, S. O. 2008. Effect of
Natural fibre surface treatments on the interfacial and
mechanical properties of henequen/polypropylene
biocomposites. Mircomol. Res., 16(5), 411-417.

International Journal of Scientific Research in Science, Engineering and Technology (ijsrset.com)



