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Abstract. The purpose of this study was to investigate the effect of sizes of turmeric
microparticles (as a reinforcing agent) on the mechanical and biodegradation properties of
cornstarch-based bioplastic material. The following fabrication procedures were performed:
(1) diluting cornstarch in water; (2) making homogeneous mixture of cornstarch, glycerol and
acetic acid by heating at less than 100°C, (3) additional turmeric with a specific size (i.e. 250,
125, 100, 74 um); (4) molding process; and (5) drying process to obtain solid bioplastic
materials. This study shows the importance of reinforcing agent size for improving the
mechanical properties of bioplastic materials. The smaller turmeric size brings better
mechanical properties than the larger turmeric size that has more void space. To support the
analysis, the present study also was completed with a literature review regarding bioplastic
production and proposal bioplastics material crack phenomena during mechanical testing.
Keywords: bioplastics, cornstarch, particle size, mechanical properties, turmeric

1. Introduction

The synthesis of bioplastics based on biodegradable materials has been attracted tremendous
attention. One of the attractive materials is starch-based bioplastics. However, starch-based
bioplastics have disadvantages such as poor performance, hydrophilicity, and resistance to
moisture [1].

To solve problems regarding the limitation of starch-based bioplastics, several strategies
have been implemented. Bioplastics were usually formed from a combination of several
materials, one of which acts as the main material and the other as reinforcing agents. In
addition to the additional reinforcing agents, several parameters must be considered [2,3],
including size [4-6], composition [7-9], shape [10], and surface structure [11,12].

Based on our previous studies [13,14] regarding the use of micrometer-sized starch
particles and their composition impacts on the bioplastic performance, the present study aims
http://dx.doi.org/10.18149/MPM.4722021_9
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to examine the effect of turmeric microparticles' size on the mechanical and biodegradation
properties of cornstarch-based bioplastic material. Turmeric was selected since it is enriched
with natural antimicrobial, accessible material at relatively low cost, and having high
biodegradability. Different from other studies that mostly focused on composition, the present
study considered the use of micrometer-sized raw material. While other reports did not
concern about the particle size, the present study focused on the effect of particle size of raw
materials, which this study brings excellent insight for the development of bioplastic material.
To support the analysis, the present study also was completed with a literature review
regarding bioplastic production and proposal bioplastics material crack phenomena during
mechanical testing.

2. Materials and Method

Preparation of Cornstarch-based Bioplastic Material. This study used micron-sized
cornstarch particles (purchased from PT Egafood, Jakarta, Indonesia), turmeric (Curcuma
Longa; collected from Bandung, Indonesia), acetic acid (25%; purchased from Sakura
Medical Stores, Bandung, Indonesia), glycerol (95%; purchased from Sakura Medical Stores,
Bandung, Indonesia), and distilled water (purchased from Sakura Medical Stores, Bandung,
Indonesia). The experimental procedure is explained in Fig. 1.

Turmeric was washed, sliced into small pieces, and dried to remove the existence of
water using an electrical furnace under atmospheric conditions. Dried turmeric was ground
and mashed using a saw-milling process with a rotating speed of 18,000 rpm to obtain
homogenous milling. Detailed information about the saw-milling process is explained in
previous literature [15]. To obtain a specific size the milled turmeric was put into sieve test
measurement with (PT Rumah Publication Indonesia, Indonesia with various holes of 2000,
1000, 530, 250, 125, 99, 74, 58, and 48 pm).
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(washing, slicing, drying)
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Fig. 1. Experimental procedure for the preparation of bioplastic

In the experimental procedure, to produce bioplastics, the following steps were carried
out. The starch solution was prepared by dissolving cornstarch in distilled water and heating
the mixture. Then, we added 95% of glycerol, 25% of acetic acid, and turmeric powder with
various sizes of 250, 125, 100, and 74 um, and the mixture was stirred until it gets
homogeneous. At the same time with the gelatinization and manual mixing process, the
mixture was heated at 60°C for 30 minutes using an electrical heater to obtain a viscous
product. The viscous product was molded and dried at room temperature for more than
24 hours until it formed a solid yellow film.

Physicochemical properties. The morphology of the prepared samples was analyzed
using a Digital Microscope (BXAW-AX-BC, China). To support the analysis, we conducted
characterizations using a Fourier Transform infrared (FTIR-4600, Jasco Corp., Japan).

Mechanical properties. The observation of the bioplastic turmeric mechanical
properties was observed using a compression test. The compression test was performed using
313 Family test machines at a scan rate of 1 mm/s at a temperature of 24°C and humidity of
10%, respectively. The compression test preparation was done by measuring the dimension of
the sample using Vernier caliper and coat the compression plate using the lubricant. In this
case, the lubricant is VVaseline that aims to reduce the friction effect.

Table 1 shows the mesh variation of the sample and its corresponding dimension. Data
collected from compression tests such as Load vs Displacement, Stress vs Strain, and Young's
modulus were evaluated for each sample to analyze its mechanical properties.

Table 1. Sample dimension

Sample, mesh Particle size, um Dimension (length x width x
thickness), cm
60 250 2.00 x 2.00 x 0.50
120 125 2.00 x 2,00 x 0.70
150 100 2.00 x 1.70 x 0.70
200 74 2.00 x 2.00 x 0.50

The following formula can be used to process the raw data from the compression test
for further analysis:
(1) Ultimate compression strength (MPa) is defined as the maximum force that can be held in
the sample when being compressed before the material is broken. The ultimate compression
strength can be calculated by dividing maximum stress (Fm; N) with the cross-section area of
the specimen (A; mm?) as shown in Eq. (1).
Compression strength = FTM : (1)
(2) Young's modulus (MPa) is a mechanical property that measures the stiffness of elastic
deformation of specimens under a given load. Young's modulus can be obtained from the
slope of the stress-strain since defines the relationship between stress (o) and strain (g) of
material deformation in the linear elasticity regime. Young's modulus can be determined
using Eq. (2).
Young's Modulus = Z2=2 | (2)

€27¢€1
where &; and &, are the conditions of relative elongation and o7 and o, are the stress that occurs
at &1 and &, respectively. The method of observing the slope-strain of the sample for defining
Young's modulus is adopted since the slope of the sample can be directly observed as a
function of the material deformation (strain)[16].
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Biodegradability. The biodegradability tests were conducted by slicing the prepared
bioplastics with sizes of about 5 x 5 x 5 mm and then immersing them into ultrapure water.
The weight losses of the sample were measured at the interval time of two days. In line with
this test, during the immersing process, it was also visually observed the change of color.
Detailed information about the biodegradability test is explained in our previous report[13].

3. Results and Discussion

Current reports on the preparation of bioplastics. To form a better bioplastic performance,
the bioplastic raw materials were usually a combination of several materials, one of which
acts as the main material and the other as reinforcing agents. The most recent reports on the
synthesis of bioplastic materials with reinforcing agents are presented in Table 2.

Production of cornstarch-based bioplastics with varying turmeric microparticles.
The production of cornstarch-based bioplastics with the addition of turmeric microparticles
size variations is shown in Fig. 2. Visually, the bioplastic is yellow with the addition of
turmeric to the cornstarch-based bioplastic. Figures 2(a-d) is a bioplastic appearance with
variations in the size of turmeric: (a) 250, (b) 125, (c) 100, and (d) 74 um. The large particle
size of turmeric causes the bioplastic to crack more easily than the smaller particle size of
turmeric.

The microscope analysis of bioplastic with the addition of turmeric size variations is
shown in Fig. 2(e-j). Figures 2(e) and (f) are materials for the fabrication of bioplastics,
namely micron-sized corn and variations size of turmeric powder, respectively. Micrometer-
sized cornstarch particles were white crystals, solid, and dense. Turmeric powder has a yellow
color, heterogeneous surface, and agglomerated. Figures 2(g-h) are the bioplastic surface
appearance with variations in the size of turmeric of 250, 125, 100, and 74 pum, respectively.
The bioplastic surface with the smallest turmeric size has a more homogeneous surface and is
less brittle compared to the large turmeric size because of the size of the starch, which is
almost the same as the size of turmeric that has a rigid structure. Figure 2(k) is the appearance
of the bioplastic after being immersed for 6 days in water. The color of the bioplastic starts to
change from yellow to brownish-yellow. It can be observed that after 6 days of immersion,
cracks were found due to the swelling phenomenon. Figure 2(l) is the appearance of the
bioplastic after being immersed for 4 weeks. The bioplastic surface with immersion for 4
weeks experienced a bad brittle phenomenon and a black fungus appears on the bioplastic
surface.

Figure 3 shows the proposal formation mechanism of bioplastics prepared from the
combination of cornstarch and turmeric with glycerol. The mechanism has used the
assumption of two-particle interaction (i.e. Particle A and B) and they attach each other with
glycerol (red molecule). Particles A and B have chemical structures of CR1 and CR2,
respectively. CR1 and CR2 can be from starch (shown as green molecule) or turmeric
(presented as blue molecule). In short, the polymerization was started from the interaction
between Particle A and glycerol (see route R1). Then, additional heat treatment and catalyst
(such as acetic acid), the interaction continues to the formation of glycerol-Particle A bonding
(by releasing OH group). When there are other movements of Particle B (see route R2) to the
surface of the glycerol-Particle A component (see route R3), another polymerization happens.
This makes the final component contained a packed balls-like structure[13].
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Table 2. Current reports on the synthesis of bioplastic with an additional reinforcing agent

Type of Reinforcing Raw material Results Ref.
carbohydrate agent
Cassava Zinc oxide/clay Cassava starch, Additional zinc oxide/clay | [17]
starch glycerol, distilled improve mechanical
water, zinc properties. The best ratio
oxide/organoclay with the addition of
0.3:0.7 of zinc oxide/clay
has a tensile strength of
20.87 MPa
Oil palm Cassava starch, oil Additional oil palm has [18]
palm, glycerol, and | not increased mechanical
distilled water properties. However, it
accelerated biodegradation
Chitosan and Cassava starch, The best bioplastic with [19]
Kraft fiber distilled water, Kraft the addition of 30% of
fiber, chitosan, acetic Kraft fiber and 4% of
acid, and glycerol chitosan had properties
similar to polystyrene
foam
Pumpkin Cassava starch, Compared with pumpkin | [20]
residues and pumpkin residues residues (skin), bioplastic
oregano essential (skin), oregano with oregano essential oil
oil essential oil, increased antimicrobial
glycerol, 2,2- activity
diphenyl-1-
picrylhydrazyl radical
(DPPH), thiobarbituric
acid (TBA),
trichloroacetic acid
(TCA), butyl hydroxyl
toluene (BHT),
1,1,3,3-
tetraethoxypropane
(TEP)
Cornstarch Cassava starch, Starch-based bioplastics [21]
cornstarch, glycerol, | (40 g/kg) had mechanical
distilled water properties comparable to
LDPE-based films
Polycaprolactone Cassava starch, Bioplastic made from a [22]

(PLC)

Polycaprolactone
(PLC), glycerol, and
ethanol (99.8% v/v
absolute ethyl
alcohol

mixture of PCL/cassava
starch does not improve
the mechanical properties
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Table 2 (continue). Current reports on the synthesis of bioplastic materials
Type of Reinforcing Raw material Results Ref.
carbohydrate agent
Cornstarch Taro starch Cornstarch, taro Bioplastic with the [23]
nanoparticles starch, addition of taro starch
(TSNPs) increased tensile strength
from 1.11 to 2.87 MPa.
However, increased
concentration of taro
starch decreases water
vapor permeability (WVP)
of bioplastic
Palm fibers Cornstarch, palm The additions of the [24]
fibers, NaOH, acetic reinforcement (palm
acid, glycerin, and | fibers) improve the tensile
distilled water strength, biodegradation,
Young's modulus, and
water uptake.
Cornhusk fiber Cornstarch, corn Bioplastics with the [25]
husk fiber, fructose, addition of husk fibers
and distilled water improve mechanical
properties and thermal
stability. However, it
decreases biodegradation
Barley straw Cornstarch (CS), Bioplastic with the [26]
(Hordeum glycerol, distilled addition of 15% of barley
vulgare L.) water, and Barley straw increased tensile
straw (Hordeum strength, Young's
vulgare L.) modulus, and thermal
stability
Sisal fibers Cornstarch, sisal Sisal fibers increase [27]
fiber, and glycerol tensile strength and
Young's modulus. It also
improved chemical
modification in matrix
Sugar palm Sugar palms Sugar palms fiber, It increased water barrier | [28]
starch Nano fibrillated sugar palm starch, properties sugar palm-
cellulose Sodium hydroxide, based bioplastic
(SPNFCs) sodium chlorite
(80% puirity), acetic
acid, sorbitol, and
glycerol
Jack fruit Banana fruit skin Jack fruit starch, The best bioplastic with [29]
seed starch powder (BSP) banana fruit skin the addition of 1% of
powder, distilled banana skin powder had
water, and glycerol | maximum tensile strength
of 10.90 MPa and good
biodegradability
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Table 2 (continue). Current reports on the synthesis of bioplastic materials

Type of Reinforcing Raw material Results Ref.
carbohydrate agent
Potato starch | Corn fibers and Potato starch, corn | The addition of corn fiber | [30]
poly (vinyl fibers, distilled decreases mechanical
alcohol) (PVA) | water, and glycerol properties and improved
water resistance.

Wood fiber Potato starch, wood | 40% of wood fiber has the | [31]
fiber, guar gum, and | highest tensile strength of
magnesium stearate 128 MPa and Young's

modulus of 3200 MPa
Titanium oxide Potato starch, The addition of TiO,-NPs | [32]
nanoparticles titanium oxide at low concentrations

(TiO, NPs) nanoparticles (TiO,. | improved the mechanical
NPs), distilled water, | properties and moisture

and glycerol barrier of the bioplastic.
Pea starch Waxy maize Pea starch (about Bioplastics with the [33]
starch 40% amylose), addition of waxy maize
nanocrystals Waxy maize starch nanocrystals increase
(98% amylopectin), tensile strength. The
glycerol, sulfuric highest tensile strength
acid, potassium values contain 5% of
carbonate. waxy maize nanocrystals
Wheat gluten Coconut fiber Wheat gluten, (3- Bioplastics with the [34]
triethoxysilylpropyl)- | addition of coconut fiber
tbutylcarbamate increase the tensile
(carbamate silane) strength by 80%
sodium hydroxide,
and coconut fiber
Flax fiber Wheat gluten 19% of flax fiber [35]
powder, glycerol, | improved the quality crack
ethanol, and flax resistance and stress
fiber maximum from 2 to
29 MPa. The bioplastic
surface is homogeneous
Lignin Wheat gluten, lignin Bioplastic with the [36]
nanoparticles nanoparticles, addition of LNP increased
(LNP) distilled water, mechanical properties,

glycerol, and
hydrochloric acid

thermal stability, and
water sensitivity.
However, the transparency
of bioplastic decreases
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Tamarin seed Banana fiber Tamarin seed, The temperature condition | [37]
banana fiber, of tamarind seeds 130°C
distilled water, and has the highest tensile
glycerol strength of 3.97 MPa
Banana peel Cornstarch Banana peel, 4% of cornstarch has the | [38]
cornstarch, highest tensile strength of
hydrochloric acid, 34.72 N/m?
glycerol, and sodium
hydroxide
Zinc oxide Banana peel, Bioplastic composition [39]
(Zn0O) glycerol, chitosan with 4-30% of chitosan,
flakes, NaOH, starch, glycerol, 5% of

glacial acetic acid,
distilled water, and
zinc oxide

ZnO shows the bioplastic
with the best microbial
activity

Fig. 2. Photograph image of cornstarch-based bioplastics with the addition various size
turmeric (a) 250, (b) 125, (c) 100 and (d) 74 um. Microscope images of (e) micro-sized
cornstarch, (f) turmeric powder, (g-j) bioplastic prepared using turmeric with sizes of 250,
125, 100, 74 um, respectively, (k) bioplastics after 6 days immersed in water and (I) fungi
bioplastic after 4 weeks immersed in water
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Fig. 3. Proposal reactions during the polymerization in the formation of bioplastic. Particles A
and B have the chemical structure of CR1 and CR2 respectively. CR1 and CR2 can be from
starch or turmeric

Biodegradability of cornstarch-based bioplastics with varying turmeric
microparticles. To confirm the phenomenon during the immersion process as shown in
Figs. 2(k) and (I), Fig. 4 shows the results of the FTIR analysis results of as-prepared
bioplastics, bioplastics immersed for 2 weeks in water, and the surface of the bioplastic
samples immersed for 4 weeks. The as-prepared bioplastic content results were identified at
wavelengths of 1014, 1723, and 3300 cm™ [40]. The comparison of the FTIR peaks for
bioplastics before and after 2-week immersion in water confirms that the biodegradability in
water was only the dilution of the outer component on the bioplastics. The reaction between
water and bioplastics involves a dilution process and did not interfere with complicated
reactions.

We also found that immersion for 4 weeks caused the appearance of fungi on the
bioplastic surface. The bioplastic surface analysis shows that the fungus degrades the
bioplastics, converting the bioplastic chemical structure to the fungal structure (see the green
dashed area in Fig. 4) [41].

To confirm the weight losses during the immersion process, we analyzed the mass of
bioplastic as a function of the day (see Table 3). Table 3 shows the results of bioplastic weight
loss carried out for a week. The results showed that bioplastics' weight decreased for 4 days of
immersion in water. The possible weight loss during 2-week immersion is because the
bioplastics' outer surfaces were diluted in water, confirmed by the identical FTIR patterns.
This result is different for 4-week immersion bioplastic, in which the mass loss was followed
by the appearance of fungus (see Fig. 2 (1)) and fungus chemical structure (see Fig. 3). The
present bioplastics were made from cornstarch, making microorganisms more easily break the
polymer chain inside the bioplastics themselves [41]. In addition, compared to the bioplastic
prepared from cornstarch only [13], the decomposition of the present bioplastic is slower. The
existence of turmeric deters the growth of microorganisms since turmeric has an antiseptic
effect.
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Fig. 4. FTIR analysis results of as-prepared bioplastic, 2-week immersed bioplastic in
water, and fungus on the 4-week immerged sample

Mechanical properties of cornstarch-based bioplastics with varying turmeric
microparticles. The mechanical properties of samples were determined by applying load
gradually to the samples and measuring their deformation [42]. The load and deformation data
is then used to obtain the stress and strain curve [43]. The stress-strain curve of bioplastic
samples with variation of micrometer size is presented in Fig. 5. Based on the stress-strain
curve, the ultimate strength is determined from the first peak of the stress-strain curve (see
Fig. 6). Table 4 summarizes the ultimate strength of all samples. The curve shows a random
trend where the highest ultimate strength achieved by the sample of 74 um and the lowest
ultimate strength obtained from sample of 125 pm while sample of 250 um is in between.

The ultimate strength values of samples prepared using turmeric particles size of 74,
100, and 125 um are 2563, 1618, and 1164 kPa respectively (Table 4). It shows the
decreasing value of ultimate strength with the increasing particle size of the sample. Smaller
particles have a higher total surface area of the filler particles, allowing more efficient stress
transfer mechanisms and resulting in the higher ultimate strength of the sample [44]. Smaller
particles also affect the adhesive factor that increases intermolecular bonding, hence resulting
in higher material strength. However, the larger particles (sample of 250 um) did not show the
same characteristics. This could be caused by the microstructural mechanism, thus further
observation on sample morphology needs to be performed to observe this phenomenon.
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Table 3. Weight loss bioplastics with addition of size turmeric during immersion process

Size Days Initial Initial Mass after Mass loss, Decay
(um) Dimension, cm? | mass,g | Immersion, g wit% dimension,

glem?

250 1 1.084 0.133 0.080 40 0.050

2 1.161 0.113 0.053 53 0.051

4 1.216 0.143 0.063 56 0.067

6 1.128 0.100 0.040 60 0.055

8 0.972 0.137 0.047 66 0.102

10 1.115 0.143 0.043 70 0.095

14 1.117 0.140 0.037 74 0.104

125 1 1.090 0.123 0.077 38 0.043

2 1.249 0.117 0.057 51 0.047

4 1.165 0.190 0.083 56 0.092

6 1.262 0.137 0.043 68 0.074

8 1.268 0.137 0.040 71 0.077

10 1.220 0.147 0.037 75 0.092

14 1.242 0.133 0.030 77 0.084

100 1 1.013 0.127 0.073 43 0.053

2 1.127 0.110 0.063 45 0.043

4 1.044 0.130 0.050 62 0.077

6 0.894 0.117 0.037 68 0.094

8 1.188 0.137 0.037 73 0.090

10 1.290 0.143 0.033 77 0.087

14 1.274 0.143 0.030 79 0.093

74 1 0.895 0.150 0.110 28 0.045

2 1.080 0.133 0.053 60 0.075

4 0.960 0.137 0.047 66 0.096

6 1.124 0.147 0.043 70 0.092

8 1.020 0.133 0.033 75 0.099

10 0.870 0.140 0.027 81 0.135

14 1.010 0.133 0.020 85 0.114
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Table 4. The ultimate strength of bioplastic samples

Sample, um Ultimate strength, kPa
250 1379
125 1164
100 1618
74 2563

Variation of particle size affecting the Young's modulus (stiffness) of the sample. As the
particle size increases, the stiffness of the sample tends to decrease as shown in Fig. 7. The
highest slope of stress-strain curve shown in Fig. 7 indicates the Young's modulus value of
each sample, in which the sample with particle sizes of 74, 100, and 125 pum are 14780, 7724,
and 2626 kPa, respectively (Table 5). The addition of small microparticles to the polymatrix
result in higher Young's modulus as they have higher intermolecular bonding in the larger
area, making the material difficult to deform as a load is applied. Different trends for the
sample with particle sizes of 250 pm that has Young's modulus of 5116 kPa need to be
observed in terms of its microstructure, as previously reported that microstructure (due to
particle size distribution) affects the material stiffness.

14780 kPa e 250 um

l ——=125 pm
13 100 pm|T
e Jf W% = i i
) ]

Slope of Stress-Strain Curve (kPa)

0 0.1 02

03 0.4 05
Strain

Fig. 7. Young's modulus vs Strain of bioplastic samples

Table 5. The Young's moduli of bioplastic samples

Sample, um Young's modulus, kPa
250 5116
125 2626
100 7724
74 14780
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Proposal cornstarch-based bioplastics crack. To get deeper insights into the bonds,
area having a minimum and maximum stress concentration, and the bond-breaking initiation,
an illustrative model is qualitatively shown in Fig. 8. The figure shows a particle stress
distribution evolution, a bond breaking, crack nucleation, and growth scenario of the system
during the applied compression test. The concept was derived from the existence of particle-
particle interaction based on Fig. 3. The polymerization happens on the surface of the particle,
and there is no change in the chemical composition inside the particle.

Figure 8(a) shows stress distribution before bond breaking. Prior to the applied stress,
the particle arrangement was in the perfect lattice site. At the initial stage of loading, the
particle position of chains started to shift from the perfect position. As shown in Fig. 8(b), as
the loading increased, more particles deviated from their original perfect position. These
deviated particles increased the interaction with their neighboring causing the lattice re-
arrangement [43]. This particle arrangement basically has a vital role to create small defects,
which is indicated by changing particle stress color from light green to other colors (blue and
red), mostly particles at loading points and center of the cell. Here, the force due to the
compression is gradually localized into two chains with the formed symmetrical region,
resulting in the agglomeration of deformation due to particles having the highest stress. In
Figure 8(c), further loading leads to the highest stress distribution at the loading point
initially, and reconstruction of the geometry of the chain propagated towards the loading
direction and accumulate at the center of the cell. Thus, it initiates the bond-breaking
simultaneously at the loading point and along the chain propagates vertically in the direction
of loading. This bond-breaking leads to the small destruction of small clustering deformation
in the center of the particle. With agglomerate deformation, the degree of force and stress
increased at the center. Then, subsequent breaking bonds leading to the formation of initiated
crack, which grows along the y-direction. The crack was initiated at the center of the cell,
indicated by the highest stress (red-colored) where the established bonds are still in an
unstable bonding, propagated in y-direction toward its loading platens. In the end, with the
further increases in the applied loading, the region having the highest stress experienced more
bond breaking, resulting in successive de-bonding along the y-direction. Then, it causes
damaging the bond connection and ends up with the fracture of the system. After the bond
breaking, the highest stress changes to the lower stress. This compressive loading induced
alternating local and the whole binding configurations and its subsequent impact on the
initiation of failure of the system. As a result, it breaks the polymer chain until complete
rupture (See Fig. 8(d)).
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Compressive Force
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+
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Fig. 8. The model of particle stress distribution in the bioplastic during the loading. Particles
are colored cording to the corresponding particle stresses. Light green represents a perfect
structure, blue or green showing for low stress, and red color for high stress. The system to be
investigated is represented by a visualization cell, in which all particles are enclosed and
interacted. The top and bottom surface is subjected to a compression force in y-direction

Table 6 shows a 2-dimensional model of the crack propagation path of the sample under
the compression load. When a load is applied to the material, the cracks will propagate to a
region with less bonding energy in the particle structure. As the region with lower interfacial
energy, the interface between particles plays an important role in the crack propagation
mechanism. When there are two types of particles (i.e. Particles A and B), the packing
particles depend on the initial sizes of particles A and B. The red arrow is the position of the
crack due to the applied load during the compression test, and the red line is the crack path in
the sample.

As illustrated in Table 6, the surface area to volume ratio increases for material with
smaller particle size. It introduces a larger proportion of particles to be found in the material.
Those small particles induce small volume voids inside the material that makes the material to
be more compact and stronger. The small volume voids prevent the crack propagation
movement in the material. Under the applied load, the material with larger particles is likely
to experience a severe disturbance of opening matrix angle that eventually results in bigger
cracking compared to material with smaller particles. Larger particles also result in a material
with larger voids inside it, allowing the crack easily propagate in the material since the
material is less rigid.
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Table 6. lllustration cracking progression

Type Model Crack Model

2 particles with
different sizes

® o

Particle A Particle B

4
2 particles with .. .., .' 5. @
almost the same sizes e o

S,
¥ oraY W

@ + @

Particle A Particle B

5. Conclusion

The mechanical and biodegradation properties of bioplastics from turmeric with various sizes
were evaluated. The results showed that particle size affects the mechanical properties of the
material. Turmeric particles with a small size tend to have a larger surface area, allowing for a
stronger bonding area between particulates, and resulting in a higher stiffness and strength of
the material. In contrast, larger particles have a lower interfacial strength, which makes a
crack easier to propagate even at lower loads. However, there is a nonlinear trend found in
this study where up to 250 pm has a higher strength than that of 125 um. This is probably due
to the non-uniform distribution of particles, which affects the strength of the material.
Bioplastic biodegradability is also influenced by particle size. The smaller the size of the
turmeric, the greater solubility it will be. Apart from the solubility parameters, a larger weight
loss is also observed in a sample with smaller size, indicating good biodegradation.
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