
ww.sciencedirect.com

j o u r n a l o f ma t e r i a l s r e s e a r c h and t e c hno l o g y 2 0 2 3 ; 2 6 : 9 9e1 0 8
Available online at w
journal homepage: www.elsevier .com/locate/ jmrt
Review Article
Sustainable substrate tin oxide/nanofibril
cellulose/thermoplastic starch: dimensional
stability and tensile properties
N.A. Azra Master Degree, Student a,
A. Atiqah Ph.D, Senior Lecturer, Research Fellow a,*,
A. Jalar Ph.D, Professor, Principal Research Fellow a,b,
G. Manar Ph.D, Senior Lecturer, Research Fellow c,g,h,i,**,
A.B.M. Supian Ph.D, Research Fellow d,e,
R.A. Ilyas Ph.D, Senior Lecturer, Research Fellow f,g,h,i

a Institute of Microengineering and Nanoelectronics, Universiti Kebangsaan Malaysia, Bangi, Selangor, 43600 UKM,

Malaysia
b Department of Applied Physics, Faculty of Science and Technology, Universiti Kebangsaan Malaysia, Bangi,

Selangor, 43600 UKM, Malaysia
c Department of Aeronautical Engineering and Aviation, Faculty of Engineering, National Defence University of

Malaysia, Kem Perdana Sungai Besi, 57000 Kuala Lumpur, Malaysia
d Centre for Defence Research and Technology (CODRAT), Universiti Pertahanan National Malaysia, Kem Perdana

Sungai Besi, 57000 Kuala Lumpur, Malaysia
e Institute of Energy Infrastructure, Universiti Tenaga Nasional, Jalan IKRAM-UNITEN, Kajang, 43000 Selangor,

Malaysia
f Institute of Tropical Forest and Forest Products (INTROP), Universiti Putra Malaysia, Serdang, 43400 UPM,

Selangor, Malaysia
g Centre for Advanced Composite Materials, Universiti Teknologi Malaysia, Johor Bahru, 81310 Johor, Malaysia
h Faculty of Chemical and Energy Engineering, Universiti Teknologi Malaysia, Iskandar Puteri, 81310 UTM, Johor,

Malaysia
i Centre of Excellence for Biomass Utilization, Universiti Malaysia Perlis, Arau, 02600 Perlis, Malaysia
a r t i c l e i n f o

Article history:

Received 15 April 2023

Accepted 10 July 2023

Available online 20 July 2023

Keywords:

Sustainable substrate
* Corresponding author. Institute of Micr
Selangor, Malaysia.
** Corresponding author. Department of Ae
Malaysia, Kem Perdana Sungai Besi, 57000 K

E-mail addresses: nikathirahazzra2@gma
silan@upnm.edu.my (G. Manar), mohdsupia
https://doi.org/10.1016/j.jmrt.2023.07.088
2238-7854/© 2023 The Author(s). Published
creativecommons.org/licenses/by-nc-nd/4.0/
a b s t r a c t

Polymers used in thin films or substrates contribute to several environmental issues hence

biodegradable materials should be used instead. In order to overcome this issue, the use of

sustainable filler and reinforcements are needed to replace the existing synthetic mate-

rials. Nevertheless, the lower mechanical properties and higher water absorption could be

hindered by incorporating Tin oxide (SnO) in nanofibril cellulose reinforced thermoplastic

starch (NCF/TPS). In this study, different content of SnO (0, 1, 2, 3, 4, and 5 wt.%) with NCF/

TPS nanocomposites was prepared by stir casting methods. The characterisation in terms
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Thermoplastic starch/nanofibril
Cellulose/TinOxide

Dimensional stability

Tensile properties
of dimensional stability (density, water absorption, and thickness swelling) and tensile

properties were studied. From the finding, it was found that the highest content of SnO

leads to the lowest density, water absorption, and thickness swelling properties of SnO/

NCF/TPS blend nanocomposites. Moreover, the incorporation of SnO at 4 wt.% shows good

tensile properties than other formulations of SnO/NCF/TPS.

© 2023 The Author(s). Published by Elsevier B.V. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
composites. Gürler and Torgut et al. [35] have improved the

1. Introduction

In these last few years, polymer-based material can be found

everywhere in our daily life. The use of polymer-based wear-

able sensors is capable to monitor our health in a real-time

system [1,2]. The over-produced non-biodegradable polymer

like polypropylene (PP), low-density polyethylene, and poly-

ether ether ketone (PEEK) have drawn a critical environmental

issue also resulting in ecological imbalance [3e6]. In order to

overcome this issue, academia has taken the initiative in

fabricating biopolymers to replace synthetic polymer-based

materials [7]. Biopolymer here refers to bio-based material

which come fromnatural resources like starch [8e15], chitosan

[16e18], polylactic acid (PLA) [19e22], and cellulose [21,23e25].

There has been a lot of study work on using thermoplastic

starch as a strain sensor [26e29], starch/Polydimethylsiloxane

(PDMS) to monitor aquatic-product freshness monitoring [26],

and thermoplastic starch/graphite for electrochemical cate-

chol sensor [30]. The use of starch-based polymer materials

have good electrical properties, though the lower mechanical

properties can be enhanced by incorporating metallic nano-

particles and nanocellulose. The metallic nanofiber to

strengthen the TPS nanocomposites can be found with the

incorporation of silver nanoparticle (AgNP)/sugar palm starch

reported by Rozilah et al. [31], the addition of AgNPs in the

composite improved the tensile strength by 165 kPa for every

1 wt.% of AgNPs. However, excessive AgNPs loading leads to

stiffer films and reduces mechanical properties. Similar find-

ings by Knitter et al. [32] on fabricating biodegradable com-

posite of Mater-Bi modified with silver, composite with the

highest Ag content leads to the lower impact strength.

Another study done by Mohanty et al. [33] investigated

nano-bio composites of nano-silver embedded in starch/poly

(ethymethacrylate) (PEMA), the tensile results showed in-

creases as theAgNPwere added from0.0wt.% to 2.0wt.%, there

are significant increases in the tensile strength from approxi-

mately 62.3 MPa to ~72.0 MPa. This tensile strength is related to

the density of the composites. In another work, Syafiq et al. [34]

studied the effect of cinnamon essential oil (CEO) when added

to nanocellulose fibreereinforced starch biopolymer compos-

ites. The results show that as the content of CEO added

increased, the tensile strength improved from 4.8 to 5.3 MPa. In

terms of dimensional stability properties, the density of the

composites decreased from 1.38 to 1.31 g/cm3 affecting the

composite to be stiffer and not flexible. Water absorption test

was also conducted to check on the water uptake rate, the

percentage of water absorption decreases as the CEO content

increases, which improve waterproof properties. This water

barrier test is crucial to examine the physical properties of the
mechanical, barrier and electrical properties of graphene-

reinforced potato starch composite films. They obtained a

comparable result that adding graphene to the films also in-

creases the tensile strength. Thickness swelling test was car-

ried out to analyse the water barrier properties, since graphene

is hydrophobic, adding it would shift the natural potato starch

behaviour to become more resistant towards water.

The use of tin oxide (SnO) with NCF/TPS nanocomposites is

novel to this study. SnO is a semiconducting substance that is

often used in a variety of applications. It has a band gap of

around 3.6 eV, showing its usefulness as a semiconductor [36].

The band gap is the difference in energy between the valence

and conduction bands, which determines the electrical

properties of a material. Moreover, SnO has distinctive prop-

erties due to its broad band gap. The band gap is the difference

in energy between the valence and conduction bands, which

determines the electrical properties of a material. It can

function as a conductive material when appropriately doped

or under specific conditions. This makes it valuable for elec-

trical conductivity applications like electronic devices and

sensors. Furthermore, SnO is compatible and readily inte-

grated into starch-based products with thermoplastic starch.

This permits the development of conductive materials with

improved properties. As a natural, biodegradable, and

renewable polymer, starch contributes sustainability to the

composite [2,7,37]. The use of SnO may also be deposited as a

thin film on various substrates, such as starch-based films or

coatings. This promotes the incorporation of SnO into flexible

or complicated structures, making it suited for use in flexible

electronics and biodegradable sensors.

To the best of our knowledge, there are no works con-

cerning SnO/NCF/TPS nanocomposites, despite the ease of

production of sugar palm NCF and their reinforcing effect

when mixed with the TPS matrix [38]. SnO was chosen as the

conductive filler, itmay not be as conductive as silver [39], gold

[40] or copper [41], but the conductivity is adequate for the

research. Moreover, according to Environmental Protection

Agency (EPA) with CAS Reg. No. 18282-10-5 under FFDCA

section 408(d) [42], SnO is not harmful towards humans and

the environment. However, it is not safe to be inhaled directly

as it will disrupt the respiratory system. This study used

powdered SnO to fabricate thin films with a low percentage

amount. Thus, it is safe to use SnO for the conducting mate-

rials for this study. Considering the material's cost, SnO are

economically and environmentally safe to use. Therefore, the

present work aims at studying the effect of SnO reinforced

with NCF on TPS nanocomposites. The composition was pre-

pared by stir casting at 95 wt.% TPS, SnO and NCF ranged from

http://creativecommons.org/licenses/by-nc-nd/4.0/
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0 to 5 wt.% regarding the TPS phase. The physical, tensile, and

morphological properties were investigated.

2. Experimental

2.1. Materials

The raw material fabricating this substrate was nanofiber

cellulose (NCF) suspension fromOil Palm Empty Fruit Bunches

(OPEFB) obtained from ZoepNano Sdn. Bhd., Serdang, Selan-

gor, Malaysia. Meanwhile, thermoplastic starch sugar palm in

powder form was purchased from PT Kofta Unitrada, Tan-

gerang, Indonesia. Stannous Oxide/Tin (II) Oxide (SnO) brand

Aldrich was purchased from Evergreen Engineering Resources

Sdn. Bhd., Semenyih, Selangor, Malaysia in micron particle

size (�60) and 97% powder.

2.2. Preparation of SnO/NCF/TPS nanocomposites

SnO/NCF/TPS samples were prepared using the stir casting

method by referring to Ilyas et al. [43] with some improvements

to the existing method. The details improvement in pre-

preparations was needed, whereby 1% NCF and 4% SnO were

weighed and sonicated for 30 min in 180 ml distilled water to

ensure both NCF and SnOwere dispersed well. In the following

method, approximately 7 g of TPSwith a 1:1 ratio of glycerol and

sorbitol was added and heated over the hot plate with a mag-

netic stirrer for 10 min at 85 �C and a speed of 1000 rpm. Then,

150ml of the suspensionwaspoured into a 20 cm� 8 cmmould

(see Table 1).
Table 1 e Composition of SnO/NCF/TPS nanocomposites.

Sample SnO (wt.%) NCF (wt.%) TPS (wt.%)

0SnO/5NCF/TPS 0 5 95

1SnO/4NCF/TPS 1 4 95

2SnO/3NCF/TPS 2 3 95

3SnO/2NCF/TPS 3 2 95

4SnO/1NCF/TPS 4 1 95

5SnO/0NCF/TPS 5 0 95
3. Characterization

3.1. Density

The density of the substrate was determined through the

ASTM D4018 standards test, where all six samples were

immersed in distilledwater to weigh in both dry andwetmass

of the sample using a Mettler Toledo XS205 electronic densi-

tometer. The final density of the substrate was obtained

through the density formula in equation (1):

Density; r¼m
V

(1)

wherer,¼Density(g/cm3),m¼Mass(g),v¼Averagevolume(cm3)
3.2. Water absorption & thickness swelling

The substrate's water absorption rate was conducted accord-

ing to ASTM D570-98. All the initial weights of the samples

were marked as 0 h. For the next 24 h, samples were removed

from distilled water and marked as final weight as in 24 h.

Data were taken continuously up till 216 h. Lastly, all the data

were analysed through the following equation (2) to finalise

the water absorption rate.

Water absorption ð%Þ¼Wf �Wi

Wi
x 100 (2)

where, Wf ¼ Final weight and Wi ¼ Initial weight of substrate.

3.3. Thickness swelling

The substrate's thickness swelling rate was conducted simi-

larly to the water absorption test, which was also following

ASTMD 570 standards. The initial thickness of the samplewas

measured using a vernier calliper and recorded as 0 h, then

continued immersed in the distilled water. After 24 h, data

wasmarked as 24 h until 216 h. Equation (3) belowwas used to

calculate the fraction of thickness swelling.

Thickness swelling ð%Þ¼Tf � Ti

Ti
x 100 (3)

where Tf ¼ Final thickness and Ti ¼ Initial thickness of

substrate.

3.4. Tensile testing

The tensile specimen was conditioned at 37 �C for 48 ± 2 h

prior to testing. The specimens were individually fixed in a

vice that grips onto a universal testing machine with a load

cell of 5 kN and a crosshead speed of 50 mm/min. The failure

load was recorded in newtons (N). The value of the tensile

strength was calculated using the following Equation (4):

TS ¼ F/A (4)

where TS is the tensile strength (N/mm2), F is the load at

failure (N), and A is the area of a cross-section at failure (mm2).

3.5. Surface morphology

For sample preparation of SnO/NCF/TPS, the surfaces of six

specimens were coated with gold to avoid electrostatic

charging at the surface of the specimen. Using aMERLIN, ZEISS

Field emission scanning electron microscope (FE-SEM), the

SnO/NCF/TPS's surface morphology was evaluated. Images

obtained from FESEM were captured at a voltage of 3 kV and

magnification of 2.00 k X equipped with an energy-dispersive

X-ray analysis (EDX). A sample of 5 mm in height was cut

from the composite and used for morphology analysis.

3.6. Statistical analysis

Statistical analyses of the data were performed using the

using one-way analysis of variance (ANOVA) with the aid of

https://doi.org/10.1016/j.jmrt.2023.07.088
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Fig. 1 e Density properties of SnO/NCF/TPS nanocomposites.

j o u r n a l o f ma t e r i a l s r e s e a r c h and t e c hno l o g y 2 0 2 3 ; 2 6 : 9 9e1 0 8102
the Data Analysis ToolPak in Microsoft Excel to determine the

significance level (5%) of the effect of the composition of SnO

wt.% (from 0 until 5 wt.%). The measured data for the density

and tensile properties were statistically compared using one-

way analysis of variance. The significance level was set at

p � 0.05.
Fig. 2 e Water absorption of SnO
4. Results and discussion

4.1. Density

Density is themost crucial part of sample characterization as it

correlates to the other testing like tensile, water absorption,
/NCF/TPS nanocomposites.

https://doi.org/10.1016/j.jmrt.2023.07.088
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Fig. 3 e Thickness swelling of SnO/NCF/TPS nanocomposites.
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thickness swelling and even in surface morphology. Fig. 1

presented density for six different compositions of SnO/NCF/

TPS substrate. As expected, the substrate with the highest

content of SnO (5SnO/0NCF/TPS) achieved the highest density,

1.3889g/cm3.According to the rawdata fordensity, SnOhas the

highest density of 6.45 g/cm3 [44] followed by TPS with 1.54 g/

cm3 [45], thenNCFmarked the lowestdensityof 1.15 g/cm3 [46].

The study is aligned with our previous finding that the high-

density composite comes from low NCF content [47]. There-

fore, the addition of conductive filler SnOwill also increase the

density of the matrix.

4.2. Water absorption

The prepared substrate contains nanofibril cellulose mainly

from empty oil palm fruit bunch. Consequently, it was ex-

pected the physical properties would be highly able to engage

with water as it has high hydrophilic properties or, by other

means, a shallow resistant act towards water. However, in the

presence of tin oxide, there are changes in the amount of
Fig. 4 e Tensile strength of SnO/NCF/TPS nanocomposites.
water uptake since it was highly repulsive towards water

(hydrophobic properties). Fig. 2 depicts the outcomes from the

water absorption test conducted for at least 10 days, approx-

imately 216 h. For the first 24 h, all six substrates recorded a

sharp increase in the amount of water uptake led by substrate

0SnO/5NCF/TPS containing 5% NCF without any additional

SnO.Meanwhile, substate 5SnO/0NCF/TPSmarked the lowest.

The best explanation that fits in the data observed is that

substrate with high NCF content tends to absorb more water

than substrate with high SnO. This is correlated to the fact

that NCF has a high affinity towards water compared to SnO.

Another issue that may influence the amount of water up-

takes is the availability of void, fibre content and density of the

composite [48,49]. According to Radzi et al. [50], increasing

weight of the composite is due to the water trapped inside

void that formed in between the composite structure. By

taking account of that, this explains sample 5SnO/0NCF/TPS

has fewer voids since it contains SnO with a larger diameter,
Fig. 5 e Tensile Modulus properties of SnO/TPS

nanocomposites.

https://doi.org/10.1016/j.jmrt.2023.07.088
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Fig. 6 e Elongation of break SnO/NCF/TPS nanocomposites.
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higher density and even greater water resistance than NCF.

After 24 h, all substrates remain almost consistent for another

few days indicating they have reached the maximum volume

of water absorbed at the equilibrium state [51].

4.3. Thickness swelling

As shown in Fig. 3, SnO/NCF/TPS nanocomposites exhibited

less thickness swelling when immersed in distilled water

more than 120 h. At 0 until 144 h, the highest thickness

swelling was subjected to 1SnO/4NCF/TPS followed by 5SnO/

0NCF/TPS, 0SnO/1NCF/TPS, 1SnO/4NCF/TPS, 2SnO/3NCF/TPS

and 3SnO/2NCF/TPS. The highest range of thickness swelling

was 0.40% after 216 h showing that the nanocomposites were

resistance to swelling conditions. The least thickness swelling

value at 216 h was subjected to 1SnO/4NCF/TPS and exhibited

less hydrophilic behaviours with a better rigid structure. Even

though the value of thickness swelling of higher content does

not show less thickness swelling, and this can be inferred that

the cumulative pore volume that existed in nanocomposites

was closely aligned. The sturdy hydrogen-bonded nano-

cellulose structure of the fibre ensured that the building ele-

ments remained firm and tightly bound. This resulted in the

formation of negligible interfacial voids [52]. Inmost cases, the

hydrophilic property of natural fibre is the determining factor

in water absorption. It affects the thickness as well as the

swelling. An improvement in nanocomposites dimensional

stability was seen when SnO was incorporated. The reduction

in water uptake yielded better interfacial bonding and higher

resistance to water absorption.

4.4. Tensile test

Regarding the tensile strength of SnO/NCF/TPS nano-

composites, depicted in Fig. 4, the trend when incorporating

SnO filler concentration in NCF/TPS nanocomposites. The

highest tensile strength was subjected to 0SnO/5NCF/TPS

followed by 1SnO/4NCF/TPS, 3SnO/2NCF/TPS, 4SnO/1NCF/
TPS, 2SnO/3NCF/TPS and 5SnO/0NCF/TPS. There is decrement

by 9% at 1 wt.% SnO filler concentration, when compared to

0SnO/5NCF/TPS specimens. Themajor reason for the increase

of tensile strength of 0SnO/5NCF/TPS was likely to be the

consequence of the strong interactions between NCF and TPS.

These interactions allowed load transfer from NCF to starch,

subsequently enhancing the reinforcing ability [53]. In similar

research regarding the incorporation of oil empty fruit bunch

filler concentration with cassava starch [38], the value of

tensile strength ranged between 0.5 and 3 MPa lowered than

our finding with the incorporation of NCF (4e8.8 MPa) were

improved due to the nanofibril size distribution homogenous

will be discussed in Section 4.6. Another research by reported

similar values but with less improvement in the tensile

strength (0e400 kPa) regarding the incorporation of silver

nanoparticles (0e4 wt.% AgNPs) with sugar palm thermo-

plastic starch due to the agglomeration of the particles led to

the weak interaction of the AgNPs on SPS/TPS nano-

composites [31].

Moreover, the tensile modulus as depicted in Fig. 5 in-

creases for concentrations up to 4 wt.% of SnO and rapidly

decreases in higher concentrations at 5 wt.% SnO, as shown in

Fig. 5, is the highest value in the case of 4SnO/1NCF/TPS. Since

the nanoparticles agglomerate, several factors might

contribute to an increase in the material's strength, including

their interaction with the polymer matrix. When determining

the material properties of the finished composite, the

adequate size of the filler plays a significant impact. A basic

rule states that the effective filler surface area will grow

alongside the interactionswith thematrix in proportion to the

reduction in the size of the filler particles. In addition, when

there is a more significant concentration of filler, the polymer

chains are immobilised, and there is a considerable concen-

tration of stress at the locations of agglomeration [4]. This

leads to the formation of fracture sites, reducing the com-

posite's overall mechanical properties. The fact that the ten-

sile strength and the tensile modulus of elasticity of the

nanocomposites tested in this study increased (up to specific

concentrations for each nanomaterial, as indicated) is evi-

dence that the circumstance indicated above is accurate.

The elongation of SnO reinforced NCF/TPS nanocomposite

films is shown in Fig. 6. There is a gradual reduction in the

elongation at the break of the nanocomposites with the

increasing of various proportions of SnO, except for 4 wt.%

SnO. Similar patterns in the elongation at break with

increasing CNC of the nanocomposite films were also

discovered for PVA/gelatin films containing water hyacinth

cellulose nanocrystals. Thismay be because the incorporation

of CNC results in the formation of three-dimensional network

structures inside the nanocomposite films, contributing to an

increase in the films' stiffness [15]. It was also discovered that

incorporating nanocellulose into alginate-based films led to a

decrease in the films' elongation after being broken [30].

However, a further drop in SnO/NCF/TPS loading resulted

in a decrease in the elongation at break, except at 4 wt.% SnO,

which might impact the flexibility of SnO/NCF/TPS nano-

composite films. This might be explained by the fact that the

excessive addition of SnO constrained the molecular chain of

starch. Specifically for the sample that included 5 wt.% SnO,

the elongation at break was only 57.38%, which resulted in an

https://doi.org/10.1016/j.jmrt.2023.07.088
https://doi.org/10.1016/j.jmrt.2023.07.088


Table 2 e Statistical analysis for properties of SnO/NCF/TPU nanocomposites.

Anova: Single Factor

SUMMARY

Groups Count Sum Average Variance

Density (g/cm3) 6 7.308839 1.21814 0.194625

Tensile Strength (MPa) 6 40.57499 6.762498 3.212999

Tensile Modulus (MPa) 6 0.011832 0.001972 3.57E-07

Elongation (%) 6 134.7948 22.46579 66.42701

ANOVA

Source of Variation SS df MS F P-value F crit

Between Groups 1920.905 3 640.3016 36.67531 2.54E-08 3.098391

Within Groups 349.1732 20 17.45866

Total 2270.078 23

j o u r n a l o f ma t e r i a l s r e s e a r c h and t e c hno l o g y 2 0 2 3 ; 2 6 : 9 9e1 0 8 105
easily broken substrate. The sample that included 4 wt.% of

SnO had a good elongation at break and a noticeable rise in

tensile modulus and tensile strength, as seen in Figs. 4 and 5.

The incorporation of the 4% SnO (4SnO/1NCF/TPS) could be

the highest strength due to the higher content of 4% SnO, this

is probably the good distribution of 4% SnO with NCF/TPU as

compared to 0SnO/5NCF/TPS and 5SnO/0NCF/TPS. With the

proper combination of 4% SnO and 1% NCF is improved the

highest tensile properties. While for 0SnO/5NCF/TPS, the

sample only have 5 wt% of NCF with no SnO. Moreover, the

tensile properties do not achieving higher when the higher

content of SnO and NCF. We could suggest that with the hy-

bridization of metallic inorganic particles and nanofibril cel-

lulose could enhance the properties of nanocomposites.

Therefore, the inclusion of NCF into TPS nanocomposite films
Fig. 7 e FESEM morphology and EDX spectrum of (a) 0SnO/5NCF/

TPS, (e) 4SnO/1NCF/TPS, and (f) 5SnO/0NCF/TPS.
at 5 wt.% could significantly strengthen the tensile strength

compared to other contents of SnO and NCF (see Table 1).

4.5. Statistical analysis

The effect of composition on the physical and tensile prop-

erties of SnO/NCF/TPUnanocomposites. The four variations of

density, tensile strength, tensile modulus and elongation

properties were analyzed using analysis of variance (ANOVA)

of the mechanical properties Single factor to determine the

significance of the composition SnO/NCF/TPU nano-

composites. From Table 2, P-value showed less than 0.05

(P < 0.05), which shows the composition led to different

properties of SnO/NCF/TPU nanocomposites since the P-value

is below 0.05 (p < 0.05), a statistically significant difference the
TPS, (b) 1SnO/4NCF/TPS, (c) 2SnO/3NCF/TPS, (d) 3SnO/2NCF/

https://doi.org/10.1016/j.jmrt.2023.07.088
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Fig. 8 e FESEM morphology of Nanocellulose-fibril with

range of diameter.

j o u r n a l o f ma t e r i a l s r e s e a r c h and t e c hno l o g y 2 0 2 3 ; 2 6 : 9 9e1 0 8106
Sn composition towards themean of density, tensile strength,

tensile modulus and elongation properties to another.

4.6. Surface morphology

FESEM is a surface imaging tool capable of obtaining resolu-

tions at diverse particle sizes, size distributions, nanomaterial

forms, and surface morphologies of produced particles at the

micro and nanoscale. To determine the properties of SnO and

NCF films and optimize their performance, it was necessary to

understand the sizes, shapes, and surfaces of the aggregation

states of SnO/NCF/TPS films. Incorporating SnO, a more sig-

nificant percentage but smaller in size, proved beneficial in

strengthening the molecular bonding on the films. Incorpo-

rating SnO had a greater percentage but was smaller in size

proved beneficial in terms of strengthening the molecular

bonding on the films. FESEM inspection of the surfaces was

conducted so that the dispersion of SnO and NCF in TPS could

be better understood. The FESEM morphology along with EDX

images of 6 specimens of 0SnO/5NCF/TPS, 1SnO/4NCF/TPS,

2SnO/3NCF/TPS, 3SnO/2NCF/TPS, 4SnO/1NCF/TPS, and 5SnO/

0NCF/TPS were shown in Fig. 7 (a)-(f). The EDX spectrum in-

dicates the percentage of SnO was increased accordingly to

the addition of SnO to the substrate. Fig. 7 (a) portrayed a

disordered lamellar structure with an aggregating bulk

component. This is due to the higher content of 5 wt.% NCF

leads the agglomeration of NFC in TPS. The increase of SnO

from Fig. 7 (b) until (f) showed aggregations became smaller

and less aligned to a smooth surface, as shown in Fig. 7 (e),

indicating better dispersion of 4 wt.% SnO in TPS matrix. This

could be attributed to the particles of SnO, and NCF can pro-

mote the interaction between filler and the hydrophilic ma-

trix. The EDX quantitative and qualitative analysis confirmed

that the SnO in NCF/TPS nanocomposites films contained

SnO, and the content was 0, 0.5%, 0.7%, 2.1%, 21.3% and 26.5%

respectively (Fig. 7 (a)e(f)). On the other hand, Fig. 8 shows a

closer look on 0SnO/5NCF/TPS under 20.00 K X magnification

to observe the diameter of NCF. The NCF are in the network of

fibre form diameters ranging between 45.01 nm and 95.07 nm.
5. Conclusion

The functional interaction in the films that included SnO had

a favourable effect on the physical and tensile properties, both

of which are essential for the performance of sustainable

substrate applications. In addition, the results of the physical

properties indicated that the density properties of SnO/NCF/

TPS nanocomposites do not shift despite an increase in the

amount of SnO and NCF. SnO was successfully incorporated

into NCF/TPS nanocomposite films, providing films with the

potential for conducting film. The results of this study showed

that good compatibility between NCF/TPS and SnO. There was

an increment in tensile strength and tensile modulus values

on the NCF/TPS films incorporated with SnO, ranging from 4.1

to 8.7 MPa and 23.5e42.9 MPa respectively. The density and

moisture content values decreased respectively with

increasing SnO concentration. The results indicated that

4 wt.% SnO contents significantly affected tensile strength,

tensile modulus, elongation at break, tensile strain, density,

water absorption and thickness swelling properties. Overall, it

can be deduced that the developed films incorporated with

SnO could be considered a potential alternative for sustain-

able films in term of physical and tensile properties.
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