PROCESSING OF
PLASTIC FILM FROM
POTATO STARCH
Eﬀect of Drying Methods

Abstract
Starch-based plastics are biodegradable, compostable compounds made of starch and plasticizers from natural sources.
Their fabrication involves the starch-plasticizer reaction at 70–100°C followed by cooling and drying. The most common
drying method is air drying (natural convection), which is effective but slow. The objective of this work is to study the
effect of fast drying (forced convection) on the quality of the plastic film. This work compares the effects of drying
conditions and drying rate on warpage, shrinkage rate, and presence of bubbles. Five drying methods are studied:
(1) natural convection with uncovered petri dish, (2) natural convection while hanging, (3) forced convection with
covered petri dish, (4) forced convection with uncovered petri dish, and (5) hybrid natural and forced convection.
A standardized composition of starch-based plastic is prepared. Samples of 20 g of plastic deposited on 10-cm-diameter
petri dishes are prepared. Drying and shrinkage rates are determined by recording the mass and diameter at multiple
time intervals. A digital microscope is used to observe air bubbles. The most favorable drying method was forced
convection with a covered petri dish, which displayed a drying rate of 0.765 g/h, no significant shrinkage rate
(< 0.00 mm/h), no warping, and almost no bubbles.
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materials
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INTRODUCTION
Plastic is one of the most common materials in modern
society. It is a versatile and inexpensive material with the
ability to be shaped, molded, and manufactured easily
(What are plastics, n.d.). Unfortunately, most of today’s
plastics are fossil-based, have limited biodegradability,
and can cause environmental harm (Plastics: Material-
Specific Data, 2019; Wallis, 2019). Biodegradable plastics
and, particularly, compostable plastics, are an alternative
to traditional fossil-based plastics that can curb the
growing amount of environmental plastic pollution
(Adorna et al., 2020). Compostable plastics are made
from renewable materials and can degrade through
composting and, in some cases, through marine environment exposure. Unlike traditional biodegradable plastics,
compostable plastics break down into carbon dioxide,
water, and biomass at a fast rate—weeks instead of
decades—without leaving a toxic residue. Their use allows
the design of end-of-life recyclability, compostability, or
anaerobic design. Animals and microorganisms can safely
consume these plastics.
Starch, which is the most common carbohydrate in the
human diet, can be utilized to fabricate compostable
plastic (Aranda-García et al., 2015). Starch is a natural
polymer formed by chains of glucose molecules, which
are produced by plants to store energy. It can be found in
large quantities in staple foods such as wheat, corn, and
potatoes. In particular, potato starch is an industrial
by-product that typically goes to waste (Kringel et al.,
2020; Priedniece et al., 2017) but can be utilized to make
compostable plastic. Potato starch–based plastic (PSBP)
is simple to make and has sparked an increased interest
in the research community (Dominici et al., 2020;
Ismail & Zaaba, 2012; Shi et al., 2010; Wang et al., 2017).
Besides the starch, only three more ingredients are
required: a plasticizer, a chemical initiator, and a solvent.
A common plasticizer in PSBP is vegetable glycerin
(Gadhave et al., 2018), which can be extracted from
vegetable fats such as palm, soy, and coconut oils.
Vegetable glycerin is viscous, odorless, and sweet-tasting
and makes a great plasticizer for starch-based plastic.
The vegetable glycerin forms a spring-like molecular
structure that crosslinks the polymer chains, providing
flexibility to the plastic. In some cases, white vinegar is
utilized as the chemical initiator, and in most cases,
distilled water is utilized as a solvent to homogenize the
22
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distribution of polymer and enable the connection
between the polymers and the plasticizer.
The starch, glycerin, vinegar, and water are mixed and
heated. The chemical reaction occurs at temperatures
between 70°C and 100°C over a period that ranges
between 20 seconds and 20 minutes. After the chemical
reaction is complete, the mixture turns clear, and the
plastic is cooled and dried (Mhd et al., 2017). Drying has
been accomplished in several ways. For example, the mix
can be spread over a plate and dried at room temperature
(Araújo et al., 2018); the mix can be dried in an oven
(Fonseca et al., 2018; Ghanbarzadeh et al., 2011); or it
can be dried in a vacuum chamber with controlled
temperature (Prakash Maran et al., 2013).
The most convenient method is to dry at room temperature, and this method is also most commonly used when
biodegradable plastics are prepared (Priyodip et al.,
2013). Unfortunately, with this method, it takes about a
week to dry 20 g of PSBP. The use of an oven or any other
heating device to dry shortens this time, but it is not easy
to control the temperature (usually below 50°C) without
specialized equipment. In this work, drying is accomplished using an inexpensive food dehydrator.
The objective of this work is to compare the quality of
PSBP film dried outside and inside the dehydrator, that
is, natural and forced convection, respectively. To this
end, five drying methods are studied: (DM1) natural
convection with uncovered petri dish, (DM2) natural
convection while hanging, (DM3) forced convection
with covered petri dish, (DM4) forced convection with
uncovered petri dish, and (DM5) hybrid natural and
forced convection. The effect of the drying methods is
studied on the following properties: average drying rate,
average shrinkage rate, amount of warpage, and amount
of bubbles.

MATERIALS AND METHODS

Preparation of Starch-Based Plastics
The potato starch–based plastic (PSBP) film was prepared using the following formula: 10 g potato starch
(polymer), 3 g vegetable glycerin (plasticizer), 3 g
distilled white vinegar with 5% acidity (initiator), and
200 g distilled water (solvent). The ingredients were

mixed and heated between 70°C and 100°C until the
mixture activated. This is noticeable because the mixture
becomes translucent and colorless. Then, the mixture
was cooled slightly (below 60°C) and 20 g of the mixture
were poured into polystyrene petri dishes with a diameter of 4 inches (~100 mm).

Drying Methods
The drying methods used in this work use natural
convection, forced convection, or a combination of these
methods. The natural convection methods consist of
drying the plastic film specimen through exposure to air
at room temperature (20 to 25°C). In this method, plastic
film specimens were air dried either flat on a petri dish
without a lid or air-dried hanging on a string. The forced
convection method consists of drying the plastic film
specimen at 63°C inside a food dehydrator (Figure 1). In
this method, plastic film specimens were laid flat on a
petri dish. The effect of a lid was studied by recording
results for samples with and without a lid. Two methods
were utilized: forced convection on covered plastic film
and forced convection on uncovered plastic film. Finally,
a hybrid natural and forced convection method was
utilized. This method involved drying the film through
cycles of both natural and forced convection flat on a

TABLE 1. Drying Methods
Drying Method

Temperature

Process
Characteristic

DM1

Natural
convection
20 to 25°C
with uncovered
petri dish

Air dried

DM2

Natural
convection
while hanging

20 to 25°C

Air dried while
hanging

DM3

Forced
convection
with covered
petri dish

63°C

Dried inside a
food dehydrator

DM4

Forced
convection
63°C
with uncovered
petri dish

Dried inside a
food dehydrator

DM5

Hybrid natural
and forced
convection

Partially air
dried and
partially dried
inside a food
dehydrator

20 to 25°C
and 63°C

covered petri dish. The methods are summarized in
Table 1. Each drying method was tested with the same
formulation of PSBP. The drying methods are described
in the sections below.

Drying Method 1: Natural Convection
With Uncovered Petri Dish (DM1)
Specimens were left out to air dry completely in uncovered Petri dishes (Figure 2). Specimens were flipped at
each time interval to have the most efficient drying rate
since there was no venting within the petri dishes.

FIGURE 1. Specimens drying in the food dehydrator—
Presto Dehydro Food Dehydrator (Presto, Eau Claire, WI).

FIGURE 2. Samples drying flat by natural convection
(air-dried).
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FIGURE 3. Samples air-drying at room temperature while hanging.

Drying Method 2: Natural Convection
While Hanging (DM2)
Samples were removed from the petri dish and hung
once they were adequately solid enough to hang without
slipping from the clip (Figure 3), after 24 hours of air
drying in an uncovered petri dish. The top of each
sample was clipped onto a string and left to dry. All
samples were dried at room temperature.

Drying Method 3: Forced Convection
With Covered Petri Dish (DM3)
Samples in petri dishes with three types of lids were
placed in the food dehydrator and dried at 63°C. The lid
utilized was a combination of a waxed paper lid and petri
dish lid (Figure 4). Due to the water evaporating, the
petri dish lid was wiped periodically to remove the
condensation. The waxed paper was also changed
periodically due to its ability to absorb water.

Drying Method 4: Forced Convection
on Uncovered Plastic Film (DM4)
Specimens in an uncovered petri dish were placed inside
the food dehydrator and dried at 63°C (Figure 1).

24

FIGURE 4. Lid covering for the petri dish: combination of a
waxed paper lid and petri dish lid.

forth between air drying at room temperature and spending time in the food dehydrator. This method was tested to
receive the quick drying rate of the food dehydrator, but in
hopes that it would avoid the shrinkage and air bubbles
also caused by the food dehydrator. With this method,
specimens were air-dried for two hours, then placed in a
food dehydrator and dried at 63°C for one hour. This
process was repeated until the specimens were fully dried.

Drying Method 5: Hybrid Natural
and Forced Convection (DM5)

Characterization

This drying method involved a combination of drying by
air drying (DM2) and drying by using the food dehydrator
(DM4). In this process, the samples transitioned back and

During the dehydration, four parameters were characterized: drying rate (mass reduction per hour), shrinkage rate
(diameter reduction per hour), warpage, and amount of air
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FIGURE 5. Representative samples of specimens with
(a) few bubbles and (b) many bubbles. The specimen with
few bubbles was obtained using DM1, but similar specimens
are observed when using DM2, DM3, and DM5. Specimens
with many bubbles are observed when using DM4.

bubbles. To measure the average drying rate, the mass of
each sample was recorded periodically using a Fiercewolf
SF-400D 500 g/0.01 g portable electronic laboratory scale.
The average shrinkage rate was evaluated by measuring the
minimum diameter of the specimen periodically using a
ruler. The amount of warpage and air bubbles were
determined visually using a digital microscope by comparing all samples (Figure 5). The number of samples and
times of recorded data are summarized in Table 2.

FIGURE 6. Mass vs. time for specimens dried through
five different methods: DM1—Natural convection with
uncovered petri dish, DM2—Natural convection while
hanging, DM3—Forced convection with covered petri dish,
DM4—Forced convection with uncovered petri dish, and
DM5—Hybrid natural and forced convection.

of this line was reported as the drying rate of the sample
in g/hour. This drying rate was averaged for all the
specimens to produce average drying rate.

Shrinkage Rate

RESULTS

Drying Rate
The mass of each sample in grams was measured at the
time intervals described in Table 2. Recorded values were
plotted on a mass vs. time graph, and the line of best fit
was calculated (Figure 6). The absolute value of the slope

The diameter of each sample in grams was measured at
the time intervals described in Table 2. Recorded values
were plotted on a diameter vs. time graph, and the line of
best fit was calculated (Figure 7). The absolute value of

TABLE 2. Number of Samples and Times of Recorded Data
for Each Drying Method

Drying Method

Number of
Samples

Times of
Recorded
Data (h)

DM1

Natural convection with
4
uncovered petri dish

0, 2, 4, 6,
24

DM2

Natural convection
while hanging

4

24, 26, 28,
30, 48

DM3

Forced convection with
covered petri dish

3

0, 2, 4, 6

DM4

Forced convection with
uncovered petri dish

3

1, 2, 3, 4

DM5

Hybrid natural and
forced convection

4

0, 2, 4, 6, 8

FIGURE 7. Nonzero diameter vs time shrinkage rates for
specimens dried through five different methods: (a) natural
convection on plastic film hanging, (b) forced convection
on uncovered plastic film on a flat surface, and (c) natural
and forced convection.
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the slope of this line was reported as the shrinkage rate
of the sample in mm per hour (mm/h). This shrinkage
rate was averaged for all the specimens to produce the
average drying rate.

Amount of Warpage and Amount of Bubbles
Amount of warpage and amount of bubbles are shown
visually in Figure 8. Specimens dried by natural convection
flat exhibited little to no warping and bubbles. Specimens
dried by natural convection hanging resulted in little to no
bubbles, but significant warping. Samples dried by forced
convection without a lid resulted in some warping and
wrinkling and many bubbles. Specimens dried by forced
convection with a lid exhibited very few bubbles and little
to no warping. Specimens dried by the hybrid method
resulted in few bubbles and little to no warping.

Average Drying Rate and Shrinkage
Rate for Different Drying Methods
Average drying rates and average shrinkage rates for
drying methods are displayed in Table 3. Results showed
that specimens dried using all types of forced convection

exhibited faster drying rates, whereas specimens dried
using all variations of natural convection had significantly slower drying rates. Natural convection without a
lid resulted in the fastest drying rate of 6.257 g/h, over
three times as fast as the control (natural convection
without a lid/air drying). Specimens dried by natural
convection by hanging and forced convection without a
lid resulted in large shrinkage rates. Specimens dried by
natural convection without a lid and by forced convection with a lid both had shrinkage rates of 0.0 mm/h.

DISCUSSION AND CONCLUSIONS
To determine the effects of drying techniques on the
properties of PSBPs, specimens were dried by the
method of natural convection laid flat or by hanging,
forced convection with or without a lid, and natural and
forced convection. Average drying rate, average shrinkage rate, amount of air bubbles, and amount of warpage
were recorded and analyzed for each drying technique.
Natural convection, while laid flat in a petri dish, gave an
excellent film but dried very slowly. Natural convection
by hanging resulted in similar results, but with significant warping. Forced convection without a lid led to too

FIGURE 8. Resulting PSBP films using DM1—Natural convection with uncovered petri dish, DM2—Natural convection
while hanging, DM3—Forced convection with covered petri dish, DM4—Forced convection with uncovered petri dish, and
DM5—Hybrid natural and forced convection.
TABLE 3. Results Comparing Effects of Natural and Forced Convection (standard deviation values are in parentheses)
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Drying
Method

Average drying rate
(g/h)

Average shrinkage rate
(mm/h)

Amount of warpage

Number of
bubbles

DM1

0.325 (± 0.013)

0.000 (± 0.000)

Little to no warping

Few

DM2

0.063 (± 0.012)

0.410 (± 0.150)

Significant warping

Few

DM3

0.765 (± 0.092)

0.000 (± 0.000)

Little to no warping

Few

DM4

6.257 (± 0.145)

3.833 (± 2.255)

Some warping

Many

DM5

2.695 (± 0.035)

1.263 (± 0.144)

Slight wrinkling

Few
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many air bubbles and displayed significant warping.
Forced convection with a lid gave an increased drying
rate with minimal shrinkage and very few bubbles.
Hybrid natural/forced convection yielded fast drying
rates and few bubbles but possessed a high shrinkage rate
with some wrinkling.

agave bagasse fiber bioplastic composites. International
Journal of Polymer Science, 2015, 343294. https://doi.org/10
.1155/2015/343294
Araújo, A., Galvão, A., Silva Filho, C., Mendes, F., Oliveira, M.,
Barbosa, F., Sousa Filho, M., & Bastos, M. (2018). Okra
mucilage and corn starch bio-based film to be applied in
food. Polymer Testing, 71, 352–361.

Our results emphasize that the most effective drying
methods for SBBPs are flat specimen in a petri dish with
a lid on and hybrid natural and forced convection.
Hybrid natural and forced convection is particularly
notable in that it offers the possibility of speeding up the
drying process without sacrificing the quality of the
sample produced.
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The amount of air bubbles was determined by observation and could be quantified as a numerical value or
percentage to gain a better understanding of how
different drying techniques affect the amount of air
bubbles. Properties such as mechanical strength, hardness, and flexibility could also be investigated to better
recognize the full effects of the different drying methods.
Beneficial results were obtained from both the flat
specimen on a petri dish with a lid on and hybrid natural
and forced convection, inviting more research into the
method of hybrid natural/forced convection with a lid.
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