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Abstract

PVA, Starch/PVA, and Starch/PVA/sugar samples of different
concentrations (10, 20, 30 and 40 % wt/wt) were prepared by casting
method. DSC analysis was carried; the results showed only one glass
transition temperature (T,) for the samples involved, which suggest
that starch/PVA and starch/PVA/sugar blends are miscible. The
miscibility is attributed to the hydrogen bonds between PVA and
starch. This is in a good agreement with (FTIR) results. T, and Ty,
decrease with starch and sugar content compared with that for
(PVA). Systematic decrease in ultimate strength, due to starch and
sugar ratio increase, is attributed to (PVA), which has more hydroxyl
groups that made its ultimate strength higher than that for
starch/PVA, and starch/PVA/sugar blends. It is observed from water
uptake tests that the solubility time decreases with starch ratio; it is
attributed to decrease in hydroxyl groups caused by PVA ratio
decrease. The inter- and inter-molecular bonds of the hydroxyl
groups enhanced the solubility process of the starch/PVA blends in
water. The water immersion causes hydrogen bonds (inter and
intermolecular bonds) to decompose, that increases the film
solubility. Water absorption and capacity of degradability are most
important in biodegradable materials. The results suggest the samples
that have undergone investigation, can be used for shopping, and
food packaging.
The study of soil burial for the sample at (3cm) depth, and at (13cm)
depth has exhibited weight loss increase with soil burial time. The
biodegradability rapidly increases at the first (6-7) weeks; it is found
that the weight loss at (3cm) depth is greater than that at (13cm) that
was attributed to the differences in the availability of oxygen ratio. It
is found that PVA undergoes lowest weight loss, the weight loss
changes with starch, and sugar content. In dry soil, the weight loss is
lower. The results proved that the biodegradation decreases with soil
burial time after seven weeks of burial. It is concluded that the
samples involved are biodegradable material that can be used for
packaging applications and biologically friendly synthetic polymer
blends to solve the solid waste accumulation problem.
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Introduction biomaterial fields. The packaging

During the past twenty years, the films, which are starch content lack
production of food packaging plastic strength and rigidity. It withstands
products, such as  poly-olefin, application of any stress to which any
increased, which was not associated packaging may be exposed. The
with any increase in the amount of starch’PVA  blend is also a
plastic solid wastes. These products are biodegradable material, with good
characterized with excellent forming, strong conglutination, and
mechanical properties, as well as, high thermal stability [1]. Starch is a
chemical weathering and carbohydrate, which consists of a large
biodegradable resistance [1-3]. The number of glucose units joined by
biodegradable polymers were used as glycoside bonds; it is composed of two
packaging  materials to  solve types of molecules, the linear and
the problem of solid waste helical amylase, and branched amyl
accumulation [3]. Polyvinyl alcohol pectin. The starch acts as filler in
(PVA) is well known as a biologically- thermoplastics that is attributed to its
friendly synthetic polymer; it is water biodegradability-renew ability and its
soluble, non-toxic, biocompatible, high low cost [5-7]. Pure starch lacks
optical clarity, and on the basis of strength, water resistibility, and
these characteristics it is used in thermal stability [8-10]. Guilbent, et
biomedical applications [4]. al., worked on  Dbiodegradable

The starch is available as a low cost packaging material and its surface
raw material, which was used in treatment; other groups used various
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blends and cross-linked them to
produce film for food packaging [11,
12].  Shangwen, et al. studied
biodegradable  starch/PVA  blends
before and after nano particles of SiO,
addition at different ratio.The results
proved increase in tensile strength at
5% SiO;, and increase in water
absorption resistance [13]. Najim, et
al. studied starch/PVA blends by using
acetic acid. The results showed that the
physical, thermal, and biodegradability
properties were changed by the blend
ratio. The biodegradation increased
with starch ratio [14].

Experimental part

Starch/PVA, and Starch/PVA/Sugar
blends were prepared at different
concentrations (10wt%, 20wt%,
30wt%, and 40 wt %). Starch/PVA
blends were blended in hot water at
80°C, and shaken by using magnetic
stirrer for one hour till a homogenous
solution is obtained. Solution of
several formulations was prepared with
various concentrations. The solution
was cast using flat glass plate and left
till it dries. Starch/PVA/Sugar blends
were prepared by the addition of sugar
of different concentrations (10wt%,
20wt%, 30wt%, and 40 wt%); the
same procedure employed above
was repeated  to cast the
(Starch/PVA/Sugar) blend films. The
prepared samples were tested in order
to measure their mechanical properties
including the tensile strength and
elongation at break by using tensile
machine of (LARYEE-50kN, China),
with  the crosshead speed of
(5mm/min). Water uptake for the
samples involved was tested. The
water uptake ((W,-Wyo)/Wo%), where
W,, and W are the sample weight after
and before soaking with water
respectively. The degradation of
sample in soil involved was studied by
determining the percentage of weight
loss in soil by wusing (%weight
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loss=(Wo-W,)/W¢%)), where W, and
W, are the sample weight before and
after soil burial treatment respectively.
Further tests included FTIR, DSC, and
optical microscopicy.

Results and discussion

Figs.1 and 2 show the FTIR spectra
of (PVA), starch/PVA,
starch/PVA/sugar blends; For (PVA)
spectrum, it was found some bands at
(828.34 cm™), and (916.8 cm™), which
was attributed to (C-H)bending, and
(C-O)stretching irrespectively. There
were some bands at (1324 cm™), and
(1376 cm™) due to (-CH,) bending;
The bands at (1578.89 cm) was
attributed to (-CH,;) wagging, and
(C=0) stretching; the appearance of
some bands at (1578.89 cm™),
(1655.79cm™), and (1708.5 cm™) was
due to (C=0) stretching; The bands at
(1708.5 cm™) was attributed to Acetate
groups produced through(PVA)
fabrication process. The bands at
(2935.7 cm™) was attributed to (OH)
stretching [15]. For the starch /PVA
blends , it was found that the physical
mixing induced changes in FTIR
spectra, e.g, some bands disappeared
within range of (626-970 cm™), which
was attributed to (C-H) bending, and
(C-O) stretching irrespectively. The
appearance of new band at
(2853.64 cm™) was due to the (C-H)
stretching for aromatic bond. The
disappearance of some bands within
range of (1550-1610 cm™), which was
attributed to (-CHy), and (C=C)
stretching. The bands within range of
(3100-3400cm™) was attributed to
(OH) stretching. The FTIR spectra
proved that the starch and (PVA) were
successfully mixed, and in a good
agreement with [16]. The appearance
of bands at (1070.49 cm’), and
(1240.58 cm™) were due to (C-O)
stretching of (C-O-H) groups, and to
(C-0) stretching of (C-O-C) groups of
glucose in starch [15].
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Starch/PVA/Sugar  spectra  showed
disappearance in some bands within
range of (1550-1750 cm™), and (2800-
3060 cm™) due to (C=0) stretching;
and (C-H) stretching of aromatic bonds
irrespectively; It was seen broaden in
bands within range of (3100-
3400 cm™), that was related with (OH)

Nahida J. H.

wagging of semi crystalline starch, and
sugar. That indicates to the presence of
hydrogen bond (H-bond). The shift in
some bonds was attributed to (CHy)
bending, and the broaden in some
bands at (1240.58 cm™), and
(1663.31cm™), which suggested of
hydrogen bond presence [17, 18].
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Fig.1: The FTIR spectra for of PVA, starch

, and Starch/PVA at different ratio.
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Fig. 2: The FTIR spectra for of PVA, starch, sugar, and Starch/PVA/sugar at different

ratio.
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Table 1: The main characteristics of FTIR spectra for the samples involved.

Polymer C-H out C-0 CH, CH,wagging C=0 C-H C-H Hydroxyl
system phase Stretch Bending C=C Stretch Stretch Stretch 3400=
bending | 880-1000 1300- Stretch 1550- aliphatic | aromatic 3600
625-970 1380 1550-1610 1750 2800- 2800-3060
3000
PVA 828.34 912.28 1324 1578.89 1578.89 | 2935.72 | ---—-------——- 3266.08
916.28 1376 1655.79
1708.51
STARCH 704.55 926.26 1339.62 1602.87 1602.87 | --------—-- 2925.52 3279.55
762.55 996.45 1602.87 3588.83
856.97 1636.
926.26 1669.73
1697.7
1734.29
SUGAR 715.79 915.4 1338.23 2880.98 | - 3241.73
772.45 996.21 1372.92 - 2913.29
838.14 2944.67
915.4
10% 830.71 919.35 1333.56 | - 1652.2 | - 2922.17 3277.22
STARCH/PVA | 919.35 943.12 1374.9 1718.61
943.12
20% 831.99 920.13 1329.25 | - 1648.76 | --—-----—-- 2919.31 3282.29
STARCH/PVA | 920.13 1373.62 1714.32 -
30% 834.65 921.63 1328.24 | - 1652.61 | ----—-—--—- 28.53.64 3279.9
STARCH/PVA | 921.63 1373.75 1731.95 - 2923.39
40% 840.59 924.9 133045 | - 1666.34 | --—------—-—-—- 2922.04 3279.29
STARCH/PVA | 9249 1373.99 1734.43
10% 837.19 920.41 1330.63 1571.09 1571.09 2919.2 | - 3281.6
STARCH/PVA | 920.41 1374.44 1656.19
/10%SUGAR 1734.33
20% 715.56 916.04 1331.21 | - 1647.92 2902 | - 325191
STARCH/PVA | 770.24 1374.6 1712.57 | 2936.34
20%SUGAR | 852.32
916.04
30% 851.44 917.67 1373.88 | - 1648.64 | 2922.13 | - 3264.48
STARCH/PVA | 917.67 1733.6 --
130%SUGAR
40% 715.27 914.97 1330.55 | - 1653.71 | 2936.92 | ---—----—---—-—- 3248.71
STARCH/PVA | 769.41 1373.45 2971.81
/40%SUGAR | 851.68
914.97
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Differential Scanning Calorimetric
test (DSC)

Using (DSC) Technique: the results
showed only one (T,) for the sample
involved, which suggested that
starch/PVA, starch/PVA/sugar blends
were miscible), the miscibility was
attributed to the hydrogen bonds
between PVA, and starch Figs.3 and 4.
That was in a good agreement with
(FTIR) results, which showed the
blend miscibility associated with
hydrogen bond reaction between (OH)
groups of (PVA), and starch. It was
plasticizer content dependent. T,, and
T, decreased with starch and sugar
content than that for (PVA) [17].
(PVA) is composed of two phases
crystalline, and amorphous phases: so,
it has complex behavior during heating

Nahida J. H.

process. The results showed that (T,)
of ( PVA) was (85.5°C), which was
due to relaxation process induced by
micro Brownian motion of main chain
backbone of (PVA). The results proved
that there was no (T,) for starch, which
was attributed to segment mobility of
amorphous (PVA) phase, which was
increased by starch, and sugar addition.
There was no trend degradation for the
sample involved up to 250°C [16-17].
The intermolecular interaction was
attributed to the hydrogen bonds
between (PVA), and starch. The
crystalline region decreased with
starch content; which did not need high
energy to break. The crystalline
differences was attributed to the high
crystallinitity of the starch/PVA/sugar
blends during cooling [17] Table 2.
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-50 0 50 100 150 200 250 300 350
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Fig. 3: DSC analysis of PVA, and Starch/PVA at different ratio.
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Fig. 4: DSC analysis of PVA, and Starch/PVA/Sugar at different ratio.

Table 2: Ti, Tr, for the prepared samples.

PVA 85.5 224

10% Starch/PVA 65 194

20% Starch/PVA 66 194
30% Starch/PVA 65 194
40% Starch/PVA 62.5 210
10%Starch/PVA/10%Sugar 42 180
20%Starch/PVA/20%Sugar 47 174
30%Starch/PVA/30%Sugar 44 206
40%Starch/PVA/40%Sugar 45.5 206

Tensile test results

Figs. 5 and 6 depict the stress-strain
curves for the PVA, starch/PVA,
starch/PVA/sugar blends of different
ratios.  Systematic decrease = was
observed in ultimate strength by starch,
and increase of sugar ratio Fig. 7; this
was attributed to (PVA), which has
more hydroxyl groups, providing
ultimate strength higher than that of
starch/PVA, and starch/PVA/sugar
blends. In other words, starch has
(-OH) groups, that have decreased by
acetylating  process that caused
decrease in ultimate strength [3, 17,
19]. For starch/PVA/sugar blends, its

49

ultimate strength was seen to decrease
with sugar ratio; but it was higher than
that for starch/PVA, especially at 10%
sugar, that was due to plasticizing
effect (elongation) for blend films, and
decrease in starch ratio Fig. 8 [19].
These results were enhanced by optical
morphology. It was seen that clear
PV A micrograph without bubbles were
obtained; whereas for the prepared
blends it was seen that the
compatibility increased with starch and
sugar contents; this confirmed the
systematic changes in the mechanical
properties Figs. 9 and 10 [16-18].
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20% STARCH 30%STARCH

40%STARCH
Fig.9: The optical micrographs of PVA, and Starch/PVA at different ratio.
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30% SUGAR 40% SUGAR

Fig.10: The optical micrographs of PVA, and Starch/PVA/sugar at different ratio.
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Water Uptake

Figs.11 and 12 illustrate the water
uptake percentage against the soaking
time for the samples involved. It was
seen that the solubility time decreased
with starch ratio; this is attributed to
decrease in hydroxyl groups caused by
PVA ratio decrease [20, 14]. The inter-
and inter-molecular bonds of the
hydroxyl groups enhanced the
solubility process of the starch/PVA
blends in water. The water immersion
caused  hydrogen bonds  (inter
and  intermolecular  bonds) by
decomposition, that increased the film

Nahida J. H.

solubility [21]. Water absorption and
capacity of degradability are most
important in biodegradable materials.
It was seen that there was typical
behavior for the blends involved.
Initially, weight gain rapidly increased
followed by steady absorption region,
and finally water absorption would be
lower. The water absorption is
enhanced by hydrogen bonding in
hydrocarbons, PVA, starch, and
sugar [21]. The results suggested that
the samples involved can be used for
shopping, and food packages [11, 12].

Water Uptake(%)

—e—PVA

—~—10%Starch/PVA

—x— 20%Starch/PVA

30%Starch/PVA

0 5 10

Soaking Time(min)

15 20 25 | —+—40%Starch/PVA

Fig.11: The water uptake relationship with soaking time in water for of PVA, and
Starch/PVA at different ratio.

Water Uptake(%)

——PVA

—4— 10%Sugar/10%Starch /PVA

—x—20%Sugar/20%Starch /PVA
30%Sugar/30%Starch /PVA

—+—40%Sugar/40%Starch /PVA

0 5 10 15

Soaking Time(min)

Fig.12: The water uptake relationship with soaking time in water for of PVA, and
Starch/PVA/sugar at different ratio.
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Soil burial study

The soil burial study for the sample
involved is shown in Fig.13 and Fig.14
at 3cm depth, and Fig.15 and Fig.16 at
(13cm) depth. The biodegradability has
shown rapid increase at first (6-7)
weeks. It was found that the weight
loss at 3cm depth is higher than that at
13cm that was attributed to the
difference in the oxygen ratio [22]. It
was found that PVA has shown lowest
weight loss. The weight loss depends
on the blend type, microorganism type,
and soil type (dry or moist). The
weight loss changed with starch, and
sugar content [14]. In dry soil, the
weight loss would be lower than that
for moist soil (as in the present
work).The results proved that the
biodegradation decreased with soil
burial time after six weeks of burial

Vol.15, No0.32, PP. 43-56

increasing.  The  biodegradability
increased by starch and sugar ratio.
Spherical holes were observed being
created in the sample involved due to
organism colonization attack. The
organism would attack the starch,
sugar, and the amorphous part of PVA.
The PVA degraded with lower rate
than the starch and sugar [22]. The
results verified the increase in weight
loss with soil burial time, and decrease
in the increasing PVA ratio. The
biodegradation of the blends involved
was  attributed to the  high
hydrolysability of starch and sugar. So,
the weight would be more in the first
(6-7) weeks of burial time then it
would be slower till the residual
nutrient of  microorganism  was
consumed followed. In this process the

[22, 23]. In the first stage (at first 6-7 carbon will converted to carbon
weeks), the biodegradation was rabidly oxide [23].
14 -
— 12
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= 10 -
]
£ 8 &« - A
)]
8 6- “
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o T T T T T T T T 1
0 1 2 3 4 6 7 8 9 10
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—e—PVA A— 10% Starch/PVA 20%Starch/PVA
30%Starch/PVA 40%Starch/PVA

Fig. 13: The weight loss with the soil burial time at 3cm depth for the of PVA, and
Starch/PVA at different ratio.
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Conclusions

e The results show only one (Tg) for
the sample involved, which suggest
that starch/PVA, starch/PVA/sugar
blends are miscible, the miscibility is
attributed to the hydrogen bonds
between PVA and starch. These
findings are in good agreement with
the (FTIR) results.

e Systematic decrease is found in
ultimate strength by starch, and sugar
ratio increase that is attributed to
(PVA), which has more hydroxyl
groups that made its ultimate strength
higher than that of starch/PVA and
starch/PV A/sugar blends.

elt is seen that the solubility time
decreased with starch ratio. It is
attributed to decrease in hydroxyl
groups caused by PV A ratio decrease.
The inter and intermolecular bonds of
the hydroxyl groups enhanced the
solubility process of the starch/PVA
blends in water.

o]t is found that the weight loss at
(3cm) depth is higher than that at
(13cm) that was attributed to the
difference in oxygen ratio. It is found
that PVA is of lowest weight loss.
The weight loss is seen to change
with starch and sugar content.

eThe results proved that the
biodegradation decreases with soil
burial time, after a period of seven
weeks, but the samples involved are
biodegradable material that can be
used for packaging applications and
biologically friendly synthetic
polymer blends.

References

[1] I. E. PoHs, R.A.Clradining, W. B.
A. Kart, W.D.Neigisch, "Polymer and
ecological problem”; Plenum Press,
Newyork, 1973, p.61-79.

[2] L. R. Kwpp and W. J. Jewel,
Environ.Techno.26 (1992) 193-198.

[3] F. Parvin, Md. A. Rahman, J. M.
M.Islam, M. A. Khan, A. H. M.

55

Vol.15, No0.32, PP. 43-56

Saadal, Advanced Materials Research,
8, 123-125 (2010) pp.351-354.

[4] A. Kumar, Y. S. Negi, N. K.
Bhardwas, V. Choudhhary, Adv. Mat.
lett., 4, 8 (2013) 626-631.

[5] L. Averous, Journal of
Macromolecular Science, C, 44 (2004)
231-274.

[6] A. Gardinal, A., Macromolecules,
41 (2008) 9491-9504.

[7] G. J. 1. Grift, "Biodegradable
synthetic ~ resin  sheet  material
containing starch and a fatty material,
"US Patent, 4, 016, 117, 1977.

[8] J. F. Mano, D. Koniarova, R. L.
Ress, J. Materials Science Materials,
14 (2003) 127-135.

[9] S. Mali, B. Karam, L. D. Ramo, M.
V. E. Grossmann, J. of Agricultural
and food chemistry, 52, 25 (2004)
7720-7725.

[10] S. Mali and M. Victoria, Journal
of Agricultural chemistry and food, 51,
24 (2003) 7005-7011.

[11] S. Guilbert, B. Gug., N. Gontant,
"Food additives and contaminations,
"In, 741(1997).

[12] S. S. La. Mehwar, D. G.
Madhukumer, "Prepared and properties
of biodegradable film composites
using modified cellulose Fiber -

Reinforced with PVA, "Research
Article, International Scholarly
Research Network, ISRN Polymer
Science 2012, Article ID154314,

8PAGES, DOI, 10, 5402, 2012, 54314.
[13] T. Shangwen, Z. Peng, X.
Hanguo, T. Huali, Carbohydrate
Polymers, 72, 3 (2008) 521-526.

[14] E. S. M Negim, R. Raichan, Y.
Gulzhakhan, U. Perizat, P. Saltanat, K.
Daulet, K. Jamal, M. Grigory, W.
Craig, International Journal of Basic
and Applied Sciences, 3, 3, 2014.

[15] D. S., Susmita, S. Aushuman, G.
V. Shirar, G. Meenakshi, International
Journal of Pharmaceutical Science
Invention ISSN (online), 3, ISSU 3
(2014) 33-37.



Iragi Journal of Physics, 2017

[16] N. Gantard, S. Gui. Hert, J. L. J.
Cers, Food Sci., 58 (1993) 206-211.
[17] P. Fahmida, A. K., Mubarak, A.
H. M., Saadat, M. H. K. Anwar, M.
Jahid, M. A. Islam, Journal of
Polymers and Environment, 19, 4
(2011) 1013-1022.

[18] S. H. Oh, S. Kang, E. S. C. Kim,
J. H. Lee, Biomaterials, (2003) 22-24.
[19] D. Yu. N. Max. Wars, Starch, 57
(2005) 494-504.

[20] N. Marafa and Zain, A. Md, ISRN
Polymer Science, pp.10, 2013.

56

Nahida J. H.

[21] L. J. Harith, J. M. Kawakib, I. K.
Mohamad, 55, 2A (2014) 419-424.

[22] B. Sreedher, M. Sairan, D. K.
Challopadhyoy, P. A. Syamala
Rathnam, M. Raw, Journal of Applied
Polymer Science, 96 (2005) 1313-
1322.

[23] K. Anuj, Y. S. Negi, N. K.
Bharadumi, V. C  Chondhary,
Advancced Materials Letters, 4, 8,
(2013) 626-631.



