AN

Journal of Metals, Materials and Minerals, 34(1), 1807, 2024

LLDPE film development surface with nucleating agents to reduce fat stains from

food adherence on the film surface for easy rinsing before recycling

Nattapong PINPRU"", Chiranicha NINTHAP?, Supang SRIPRAPHOT?, and Supharada KHAISAAT?

! Sustainability Center, Plastics Market Intelligent Department, Plastics Institute of Thailand (PITH), Khlong Toey, Bangkok 10110, Thailand

2 Nanohybrids and Innovation Coating (NHIC), National Nanotechnology Center (NANOTEC), National Science and Technology Development
Agency (NSTDA), Khlong Luang, Pathumthani 12120, Thailand

3 College of Maritime Studies and Management, Chiang Mai University, Samut Sakhon 74000, Thailand

*Corresponding author e-mail: nattapong.p@thaiplastics.org

Received date:

16 August 2023
Revised date

15 December 2023
Accepted date:

29 December 2023

Keywords:
LLDPE;
Fat stains;
Nucleating agent;
Film surface;

Blown film

Abstract

The purpose of this research was to enhance the surface of linear low-density polyethylene
(LLDPE) film by using single and hybrid nucleating agents to reduce fat stains from food adherence
on the film surface for easy rinsing before recycling, consequently reducing energy consumption before
recycling. The process begins with the preparation of a high-concentration masterbatch of LLDPE
with nucleating agents and polyethylene glycol (PEG), followed by blown film and test analysis. The
results showed that both single and hybrid nucleating agents resulted in substantial modifications in
the surface characteristics of the film. The altered surface texture of the film makes fat stains easy to
remove. In addition, the use of hybrid nucleating agents resulted in considerable roughness on the
film's surface. It can calculate the average roughness (Ra) from atomic force microscopy (AFM) images,
which is very low at 4.7 nm, and the roughness is consistent. The contact angle was 99.17 degrees, and
the percentage of crystallinity was clearly higher than that of a single nucleating agent. As a result,
the fat stains on the film surface are easier to remove. The visual appearance, morphology, functional
group, and mechanical properties of the films, on the other hand, were not significantly different. In

1. Introduction

In recent years, the food industry has grown significantly compared
to the past. As a result, the volume of packaging film used is large
[1]. Particularly in the field of food bags, which are often made of
polyolefin plastics such as linear low-density polyethylene (LLDPE),
low-density polyethylene (LDPE), high-density polyethylene (HDPE),
and polypropylene (PP), which have excellent strength and outstanding
durability in use [2]. However, LLDPE plastics are more commonly used
than other polymers due to their toughness and flexibility, as well as
their ability to be utilized in a range of applications, especially in
food bags [3]. Normally, food bags are often comprised of two layers
of plastic: "LDPE" on the outside and "LLDPE" on the inside, which
must come into contact with food. As a result, the LLDPE inside
the bag is important because it often adheres to contact with food,
making it difficult to clean before recycling, resulting in water and
energy waste. Since food contains fat stains, they tend to adhere to
the LLDPE coating and are difficult to wash away. To address this
issue, LLDPE film must be developed to reduce fat stains from food
adherence on the film surface, decrease the impact of water and
energy waste, and facilitate the recycling of food bags.

Even today, there are technologies that can reduce water adherence
on various surfaces, such as coating and surface treatment technology
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summary, using a nucleating agent helped to rinse fat stains from the film easily.

[4]. However, these technologies are incapable of resolving the issue
of fat stain adherence to LLDPE film. Furthermore, waterproof
coatings frequently include highly hazardous chemicals. As a result,
it is not suited for LLDPE film that has come into contact with food.
It was also shown that waterproof coatings had no effect on the
adherence of fat stains, a component of food. Therefore, it will fail
to decrease the fat stain's adherence to the LLDPE film. To solve this
problem while keeping safety in mind. The use of nucleating agent
additions that are non-toxic and safe appears to be a suitable and
reasonable alternative. A nucleating agent is a crystalline agent that
is very important in the polymer industry, particularly in packaging
film, because it improves the film's stability, such as its thermal and
mechanical properties [5,6]. In addition, the use of nucleating agents
may result in the formation of nanometer-sized crystals on the film
surface [7]. As a result, the surface area of the film exhibits a high
degree of crystallinity and a shift in roughness. For the reasons
mentioned above, it is possible that the use of nucleating agents
reduces fat stain adherence on LLDPE film.

Nucleating agents such as calcium carbonate and kaolin are
commonly utilized as crystallization agents nowadays [8,9]. It is
safe to use and inexpensive when compared to other nucleating
agents. Calcium carbonate is a calcium salt with the formula CaCOs
[10]. It is insoluble in water and appears as a white, odorless powder
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or colorless crystals [10]. It is commonly used in food coloring, food
firming, and fertilizer [10]. It combines a calcium salt, a carbonate
salt, a one-carbon molecule, and an inorganic calcium salt [10].
Kaolin is a colorless, odorless powder that ranges from white to
yellowish to grayish [11]. It is mostly composed of the clay mineral
kaolinite (Al203(S102)2(H20)2), a hydrous aluminosilicate [11].
It is not insoluble in water [11]. In addition, it has applications in
the paper, rubber, and plastic industries [11]. According to the calcium
carbonate and kaolin information provided above, As can be seen,
calcium carbonate and kaolin should be harmless and non-toxic if
they were utilized in this research. Furthermore, a mixing aid and
plasticizer must be used to achieve excellent mixing between LLDPE
and the nucleating agent. Polyethylene glycol (PEG) functions as
a mixing aid and a plasticizer [12]. It is a crystalline white powder,
non-toxic, and widely utilized in a range of industries, including
polymers and pharmaceuticals [12]. It has the chemical formula
HO(CH2CH:20):CH2CH20H and a rather wide range of molecular
weights that will vary depending on the application [13]. Y. D. Zhu
et al. [14] investigated the dispersion of CaCO3 in polypropylene (PP)
film. The results revealed that the addition of a modest amount of
CaCOs caused alterations to several properties. In particular, the
surface roughness of the film has increased significantly. The rough
surface is formed by CaCO3, which produces crystalline in the film.
However, the fat adherence of food on the film was not tested in
this research. A. Mallik ef al. [15] discovered that using kaolin as
an ingredient in low-density polyethylene (LDPE) film increased
mechanical properties such as Young's modulus, shore hardness,
and water absorption. However, this research did not investigate the
ability of fat stains to adhere to the surface of the film. In summary,
no research has been conducted on the use of nucleating agents, both
single and hybrid, to study fat stains adherence on the surface of
LLDPE film. As a result, this will be the first study to investigate
the possibility of reducing fat stain adherence on the surface of
LLDPE film for the benefit of the recycling industry.

This research focuses on the development of the LLDPE film
surface, which is the layer that comes into contact with food, by using
single and hybrid nucleating agents to reduce fat stain adherence on
the film surface for easy rinsing before recycling. In the first step,
a highly concentrated masterbatch is prepared by combining LLDPE
resin with a nucleating agent and PEG. In the second step, the
masterbatch is combined with LLDPE resin and then blown into
film. Finally, the physical and chemical properties of the film are
analyzed. Including testing for fat stains from food adherence
on the film surface with coconut milk as an indicator. Coconut milk
represents food stains that tend to adhere to the film well, making
rinsing difficult.

2. Experimental
2.1 Materials

LLDPE (L2009F blown film grade, SCG Chemical, Thailand)
with a melt flow rate of 1.0 g-10 min™" at 190°C. Calcium carbonate
with particle sizes ranging from 1 pm to 5 um was purchased from

Chemipan Corporation Co., Ltd. (Thailand). Kaolin with particle sizes
ranging from 1 pm to 8 pm was purchased from Vicker Pigment Co., Ltd.
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(Thailand), and polyethylene glycol (food grade, molecular weight
=4000) was purchased from Talad Chemie Co., Ltd. (Thailand).

2.2 Preparation of masterbatch compounds

The LLDPE/10 wt% calcium carbonate or LLDPE/10 wt% kaolin
composites with 1 wt% PEG 4000 are prepared using a twin-screw
extruder (Prism USALAB 16, Thermo Electron Co., UK). The diameter
of the screws is 16 mm, and the L/D is 25. The temperature profile
from the hopper to the die was 130, 140, 150, 160, 170, 180, and
190°C, and the screw speed was 200 rpm. Finally, a masterbatch
with a high concentration of nucleating agents (10%) was obtained.
Figure 1 demonstrates the masterbatch production process.

10 wt% nucleating agent

LLDPE resin (calcium carbonate of kaolin)

1 wt% PEG added

Masterbatch processing
by twin-screw extruder

!

High concentration masterbatch:
LLDPE/10 wt% calcium carbonate, LLDPE/10 wt% kaolin

Figure 1. Masterbatch production process.

High concentration masterbatch:
LLDPE/10 wt% calcium carbonate,
LLDPE/10 wt% kaolin

LLDPE resin

Blown film processing

!

Film LLDPE + 0.5 wt% calcium carbonate (single nucleating agent),
Film LLDPE + 0.5 wt% kaolin (single nucleating agent),
Film LLDPE + 0.25 wt% calcium carbonate +
0.25 wt% kaolin (hybrid nucleating agent)

Figure 2. Film production process.
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Table 1. Weight and volume fractions of nucleating agent in LLDPE film.

Films formula

LLDPE resin (virgin)

LLDPE/10 wt% calcium LLDPE/10 wt% kaolin

(€3] carbonate (masterbatch) (g) (masterbatch) (g)
LLDPE (control) 200 0 0
LLDPE/0.5 wt% calcium carbonate 190 10 0
LLDPE/0.5 wt% kaolin 190 10
LLDPE/0.25 wt% calcium carbonate/0.25 wt% kaolin 190 5 5

2.3 Preparation of blown film process

Figure 2 shows the film production process. To produce a film
containing 0.5 wt% nucleating agent, it starts with a high-concentration
masterbatch (10 wt% of nucleating agent) that is, afterwards, diluted
with more LLDPE resin and produced into films using a blown film
extruder (Salee Color Lab, Samut Prakan, Thailand) with a screw
diameter of 25 mm connected to an O-ring die. The compound resin
was extruded at temperature profiles of 140°C/150°C/160°C/170°C
with a die temperature of 165°C and a 35 rpm to 40 rpm screw speed
with take-up and take-down speeds were set to 4.5 m-min!and
5.5 m:min’!, respectively. The films were collected and stored in ziploc
bags containing silica gel sachets and kept at 25°C until required for
measurement. Film thickness was measured using an ID-C112BS
micrometer (accuracy + 0.005 mm, Mitutoyo, Japan). The weight and
volume fractions of the prepared LLDPE (control), LLDPE/calcium
carbonate, LLDPE/kaolin, and LLDPE/calcium carbonate/kaolin
films are listed in Table 1.

2.4 Characterization

The capability to prepare the masterbatch and films to assess
color, consistency, and dispersion was captured with a Nikon DSLR
Camera (D850, Japan). The ability to flow of the masterbatch was
tested using a Melt Flow Index Tester (QC-652S, USA) according
to ASTM D1238. Surface characterization of the film was conducted
using scanning electron microscopy (JEOL, USA) and atomic force
microscopy (AFMSPA 400, Seiko Instruments, Japan). The contact angle
of the film was assessed using a contact angle instrument (Dataphysics
brand tension meter, model PSL 250, USA). The functional groups of
the film before and after modification with the nucleating agent were
examined by a Fourier-transform infrared spectrometer (Perkin Elmer,
USA). The crystal structure of the film was investigated using an
X-ray diffractometer (Bruker, SRS-3400, Germany) to determine the
correlation between crystallinity and film smoothness. The mechanical
properties of the film were measured using a Universal Testing
Machine (Lloyd Instrument, Hampshire, UK) according to ASTM
standard method D882-18 (2018). The fat stain on the film was
examined with the Imagel] program. Statistical analysis was performed
with an SPSS software system (Origin Pro 8.5 Version 2020, USA).
Each experiment was repeated at least three times. The experimental
data were subjected to a one-way analysis of variance (ANOVA). The
mean comparisons were run by Duncan’s multiple range test, with the
level of significance set at p << 0.05.

3. Results and discussion

3.1 Masterbatch characteristics

Figure 3. The visual appearance of the masterbatch: (a) LLDEP/calcium carbonate,
and (b) LLDPE/kaolin at a concentration of 10%wt nucleating agent, taken
with a Nikon DSLR Camera (D850).

(@) (b) © (d)

Figure 4. The visual appearance of the films: (a) LLDPE (control), (b) LLDPE/
0.5 wt% calcium carbonate, (c¢) LLDPE/0.5 wt% kaolin, and (d) LLDPE/
0.25 wt% calcium carbonate/0.25 wt% kaolin, taken with a Nikon DSLR
Camera (D850).

The optical microscope examination of the masterbatch LLDPE/
calcium carbonate (Figure 3(a)) and LLDPE/kaolin (Figure 3(b))
containing 10 wt% nucleating agent demonstrated consistent color,
dispersibility, and excellent homogeneity. In addition, the melt flow
index (MFI) of masterbatch revealed that LLDPE/10 wt% calcium
carbonate was 2.23 g-10 min™! and LLDPE/10 wt% kaolin was 2.65
g-10 min!. This demonstrated that the masterbatch preparation was
effective because the MFI achieved was very low, indicating good
compatibility between LLDPE and the nucleating agent. After that,
the masterbatch was diluted with LLDPE virgin pellets and formed
by the blown film process.

3.2 The visual appearance of the films

Considering the film in each formulation, it can be noted that
LLDPE (control) (Figure 4(a)) is quite transparent, with excellent
light transmission and the letters "JMMM" clearly observable.
The film characteristics of LLDPE/0.5 wt% calcium carbonate
(Figure 4(b)) and LLDPE/0.5 wt% kaolin (Figure 4(c)) containing
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the single nucleating agent were similar to those of the LLDPE
(control), except that the films had slightly more turbidity. This is
due to the nucleating agent, which is visible as a white powder.
As a result, when dispersed in the film, the film becomes slightly
turbid. When LLDPE/0.25 wt% calcium carbonate/0.25 wt% kaolin
(Figure 4(d)) containing the hybrid nucleating agent was examined,
it was obvious that the film was similar to that of the single nucleating
agent and did not change considerably. The explanation for this is
that the film has the same amount of single and hybrid nucleating
agents. As a result, the outcome is identical. In summary, the films
containing the nucleating agent still maintain sufficient light transmission
to allow the letters "JMMM" to be clearly visible despite the film's
minor turbidity.

3.3 SEM surface morphology of the films

Figure 5 shows SEM images of the surface of the film. The surface
of the LLDPE (control) (Figure 5(a)) was found to be relatively smooth
based on SEM images. While LLDPE/0.5 wt% calcium carbonate
(Figure 5(b)) and LLDPE/0.5 wt% kaolin (Figure 5(c)) films containing
a single nucleating agent had the same smoothness as the LLDPE
(control). However, the crystallizing agent dispersion on film was only
marginally noticed. The surface of the hybrid nucleating agent-containing
LLDPE/0.25 wt% calcium carbonate/ 0.25 wt% kaolin film (Figure 5(d))
was identical to that of the single nucleating agent-containing film.
Finally, the surface characteristics of the film cannot be readily compared
when analyzed using the SEM technique.

3.4 Surface topography of the films

To thoroughly examine the surface characteristics of the film,
the AFM images must be used to generate topography. The topography
shows the smoothness, roughness, and crystal of the surface of the
film, as well as the narrow gap between the roughness on the surface.

1000X

1000X

Nucleating agent

Importantly, the surface roughness of the film can be calculated from
the topography and reported as the average roughness (Ra), resulting
in an assessment of the film's ability to adhere to fat stains when it
comes into contact with food. Figure 6 shows the two-dimensional (2D)
and three-dimensional (3D) AFM images of the surface topography
of'the films. The surface of LLDPE (control) (Figure 6(a)) was found
to have a rough surface and a different level surface with a Ra value
of 12.5 nm. While LLDPE/0.5 wt% calcium carbonate (Figure 6(b))
and LLDPE/0.5 wt% kaolin (Figure 6(c)) films containing a single
nucleating agent showed a uniformly roughness surface, had a small
size crystal, and the narrow gap between the roughness on the surface
was discovered to be narrow and close together, the Ra values were
6.2 and 5.9, respectively. When compared to LLDPE (control), the Ra
values of films added with a single nucleating agent decreased because
the nucleating agent contributed to the modification of the surface of
the film by systematically arranging the surface characteristics until
the film finished identical to the roughness of very smooth surfaces
[16]. The LLDPE/0.25 wt% calcium carbonate/0.25 wt% kaolin film
(Figure 6(d)) containing a hybrid nucleating agent exhibited consistent
roughness, had a very small size crystal, and had a narrow gap between
the roughness on the surface aligned. It is nearly interlinked between the
gaps on the film surface and has a very low R, value of 4.7 nm, indicating
fine and symmetrical roughness on the film surface. In summary,
different Ra values have influenced the surface roughness of the film.
This may also have an effect on the film's contact angle value, crystallinity
percentage, fat stain adherence to the film surface, and film rinsing.

Furthermore, when compared to the research of M. Liet al. [17],
which used a single nucleating agent such as kaolin as a crystallizing
agent in the film to improve the surface. The surface of the film was
found to be rather smooth, with no narrow gaps between the roughness
on the surface. In addition, when the R, values on the surface of the film
were examined, it was discovered to be as high as 2.74 um. As a result
of the huge gap on the surface, it may be difficult to remove fat stains
on the film.

2 1000X

b

s

Nucleating agent

50 pm

1000X

Nucleating agent

Figure 5. SEM surface of the films: (a) LLDPE (control), (b) LLDPE/0.5 wt% calcium carbonate, (c) LLDPE/0.5 wt% kaolin, and (d) LLDPE/0.25 wt%

calcium carbonate/0.25 wt% kaolin under magnification of 1000X.
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R,=12.5nm

(b)

[um]

Figure 6. 2D and 3D AFM images of the surface topography of the films: (a) LLDPE (control), (b) LLDPE/0.5 wt% calcium carbonate, (c) LLDPE/ 0.5

wt% kaolin, and (d) LLDPE/0.25 wt% calcium carbonate/0.25 wt% kaolin.

3.5 The crystal structure of the films

The XRD pattern of the films in the range 10° to 50° is shown in
Figure 7. The XRD pattern of LLDPE (control) (Figure 7(a)) shows
three main peaks at 21.62°,23.73°, and 36.22° of the 2-theta angle,
which corresponds to the (110), (220), and (020) planes [18]. The
plane peak of the LLDPE/0.5 wt% calcium carbonate (Figure 7(b))
and LLDPE/0.5 wt% kaolin (Figure 7(c)) films containing a single
nucleating agent is the same as that of LLDPE, except that the 2-theta
angle shifts for LLDPE/0.5 wt% calcium carbonate are 21.43°, 23.66°,
and 36.32°, and for LLDPE/0.5 wt% kaolin are 21.56°,23.85°, and
36.35°, respectively. Further investigation revealed a significant
difference in the height of the main peak when compared to LLDPE
(control). This revealed a trend toward increased crystallinity. The
plane peak of LLDPE/0.25 wt% calcium carbonate/0.25 wt% kaolin
(Figure 7(d)) film containing a hybrid nucleating agent is the same as
that of LLDPE (control) and LLDPE having a single nucleating agent.
However, the main peaks with a slight shift in the 2-theta angle are
21.50°,23.79°, and 36.29°. Importantly, the height of the main peak
appears to be significantly higher when compared to LLDPE (control)
and LLDPE containing the single nucleating agent.

In addition, the crystallinity was calculated by dividing the total
area of the polymer crystalline peaks by the total area under the
diffraction curve and summarized in Table 2. The LLDPE (control)
had a percent crystallinity of 28.24%. The percent crystallinity of the
LLDPE/0.5 wt% calcium carbonate was 36.33%, while the LLDPE/
0.5 wt% kaolin had a percent crystallinity of 38.52%. LLDPE/0.25 wt%
calcium carbonate/0.25 wt% kaolin had a percent crystallinity of
42.61%. Notably, the percent crystallinity increased in all cases when
compared to the crystallinity of the LDPE (control), implying that
nucleating agents work to induce crystallinity and are the cause of

the slight shift in the XRD pattern [19]. Meanwhile, compared to
a single nucleating agent, the addition of hybrid nucleating agents
considerably increased the percentage of crystallinity. This is possibly
due to the induced of the two types of nucleating agents, which
differ in density and molecular weight. As a result of the different
crystallization periods of the polymer, the amount of crystals in the
film increases. Overall, a high percentage of crystallinity makes it
easier to rinse upward coconut milk that has adhered to the film.
The high crystallinity produces changes at the film's surface, affecting
the crystallinity of the surface topography and possibly increasing
the contact angle.

(110)

(020)

A (d)

LA (C)

Intensity (a.u.)

A (b)

36.22° (a)

20 30 40 50
2-theta (degree)

Figure 7. The crystal structure of the films: (a) LLDPE (control), (b) LLDPE/
0.5 wt% calcium carbonate, (c) LLDPE/0.5 wt% kaolin, and (d) LLDPE/
0.25 wt% calcium carbonate/0.25 wt% kaolin.
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3.6 The contact angle of the films

The contact angle was measured with the films, as shown in
Figure 8. According to the findings of the experiments, the LLDPE
(control) (Figure 8(a)) had a contact angle of 73.66°, which was quite low.
While the contact angles of the LLDPE/0.5 wt% calcium carbonate
(Figure 8(b)) and LLDPE/0.5 wt% kaolin (Figure 8(c)) films, which
were composed of a single nucleating agent, are 85.52° and 86.45°,
respectively. It can be observed that the contact angle is significantly
higher compared to the LLDPE (control). The reason for this is that
the nucleating agent may be able to improve the surface of the film,
specifically the crystallinity and density [20]. When considering the
LLDPE/0.25 wt% calcium carbonate/0.25 wt% kaolin (Figure 8(d))
film containing a hybrid nucleating agent, the contact angle was greatly
raised to 99.17°. This is because the employment of different nucleating
agents might enhance their interaction and lead to a significantly
higher crystallinity of the film, which is confirmed by XRD revealing
a significant rise in the percentage of crystallinity. Therefore, the higher
crystallinity of the film may increase the contact angle [21]. As a result, fat
stain adherence on the surface of LLDPE film may be less easy to remove.

3.7 Fat stain adherence to the films and one-time rinsing

To test the film, coconut milk was utilized to represent the fat
stains that will adhere to the LLDPE film. The findings of the
experiments showed that when the film was dipped in coconut milk,
the coconut milk adhered rather nicely to it. This phenomenon occurs
in every formula film, as illustrated in Figure 9. This is due to the
fact that coconut milk has several components, including not only
water but also a variety of oils, lipids, and minerals, which help it
adhere nicely to the film. Especially, when the coconut milky film
was rinsed with water one time, it was discovered that the LDPE
(control) (Figure 9(a)) still had the fat stains adhered to it and could
not be rinsed off. Importantly, as compared to the LLDPE (control),
the LLDPE/0.5 wt% calcium carbonate (Figure 9(b)) and LLDPE/
0.5 wt% kaolin (Figure 9(c)) films containing a single nucleating
agent reduced the fat stains on the film better when rinsed with
water one time. This is because it is quite likely that the nucleating
agent aids in the formation of small crystals on the film surface [22],
aiding the rinsing of fat stains from the film. This result is correlated
with surface topography from AFM analysis. Furthermore, it was
discovered that LLDPE/0.25%wt calcium carbonate/0.25% kaolin
(Figure 9(d)) film containing a hybrid nucleating agent offered
extremely excellent outcomes when rinsed with water one time,
revealing that fat stains could be easily removed. The interaction

between the two nucleating agents could create different crystals
[23], increasing fat stains rinsing from the film. Therefore, the crystals
on the film surface, the narrow gap between the roughness on the
surface, and the high contact angle can aid in rinsing fat stains from
the film surface. As a result, the fat stain from coconut milk on the film
will be easy to remove. This saves energy and helps with recycling.
Furthermore, areas with and without fat stains were clearly evident
when fat stains on the film were analyzed with the ImageJ program.

The reason for the easy rinsing of coconut milk drops from the
film is predicted in Figure 10. It is possible that a nucleating agent
causes consistent roughness on the film surface and a nanoscale gap
on the surface [24], resulting in the Wenzel state phenomenon when
a coconut milk drop comes into contact with the film. However, some
fat stains remained on the film surface after rinsing the coconut milk
drop with water. It is possible that the fat stains adherence remains
in narrow gaps, making removal difficult and leaving some fat stains
on the film surface.

3.8 Functional group of the films

Based on FTIR analysis in Figure 11, LLDPE has been shown
to be the main component of all film formulations (Figure 11(a-d)).
The wave numbers at the position 2910 em™ indicate CHz asymmetric
stretching, 2850 cm™! indicate CHa symmetric stretching, 1470 cm’!
indicate bending deformation, and 730 cm™' indicate rocking
deformation, which represents the function group in the LLDPE
polymer [25]. Despite the addition of single and hybrid nucleating
agents to the films, no new functional groups formed because the
amount added was just 0.5 wt%, and the FTIR cannot be analyzed.
Importantly, the FTIR spectral does not shift in all formulations. It
demonstrates that the nucleating agents do not react chemically
with the films and so cannot alter the functional group.

(a)

. 73.66° . 85.52°

C

. 86.45° . 99.17°

Figure 8. The contact angle of the films: (a) LLDPE (control), (b) LLDPE/0.5 wt%
calcium carbonate, (¢) LLDPE/0.5 wt% kaolin, and (d) LLDPE/0.25 wt%
calcium carbonate/0.25 wt% kaolin.

Table 2. Crystallinity percentage, mechanical properties and thickness of the films.

Films formula Percentage of

Tensile strength Elongation at break  Thickness

crystallinity (%)® (MPa)>¢ (%) (mm)*¢
LLDPE (control) 28.24 15.15£1.12 800.23 +30.43 0.51+0.11
LLDPE/0.5 wt% calcium carbonate 36.33 18.92 £1.47 762.31 £25.51 0.51+0.13
LLDPE/0.5 wt% kaolin 38.52 19.56 £1.36 758.87 £ 14.96 0.51+0.17
LLDPE/0.25 wt% calcium carbonate/0.25 wt% kaolin ~ 42.61 22.17+1.22 722.64 £ 18.72 0.51+0.14

2 The percentage of crystallinity was calculated in the 15 to 40 range of two theta, ® Mean of ten replicates + standard deviations, © Mean of six replicates + standard deviations,
4 Data reported are average values + standard deviations. Values within each column with different letters are significantly different (p < 0.05).
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Figure 9. Coconut milk adherence to the films, one-time rinsing, and ImageJ analysis program: (a) LLDPE (control), (b) LLDPE/0.5 wt% calcium carbonate,
(c) LLDPE/0.5 wt% kaolin, and (d) LLDPE/0.25 wt% calcium carbonate/0.25 wt% kaolin.

(Note: The coconut milk used in the testing was "ROI THAI BRAND" from Thailand, which is an ingredient in Thai cuisine, and the tested film size is 4 x 6 cm.)
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Figure 10. The Wenzel model and the process for rinsing coconut milk drops.
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Figure 11. Functional group of the films: (a) LLDPE (control), (b) LLDPE/
0.5 wt% calcium carbonate, (¢) LLDPE/0.5 wt% kaolin, and (d) LLDPE/
0.25 wt% calcium carbonate/0.25 wt% kaolin.

3.9 Mechanical properties of the films

Mechanical properties are another vital property to describe
because they determine how to sustain loads when utilized in food
packaging film. The mechanical properties of the films were analyzed
in terms of tensile strength and elongation at break, as shown in
Table 2. According to the test results, LLDPE (control) had a tensile
strength of 15.15 + 1.12 MPa and an elongation at break of 800.23 +
30.43%. However, LLDPE/0.5 wt% calcium carbonate and LLDPE/
0.5 wt% kaolin films with a single nucleating agent added produced
a slightly higher tensile strength than LLDPE (control). The enhanced
tensile strength may be due to the high crystallinity of the film and
the nucleating agents appearing as rigid fillers compatible with LLDPE,
resulting in higher tensile strength [26]. The tensile strength of LLDPE/
0.25 wt% calcium carbonate/0.25 wt% kaolin film with added hybrid
nucleating agents was higher than that of LLDPE (control) and LLDPE
with single nucleating agents added. This is due to the film's increased
crystallinity, as demonstrated by the XRD results. As a result, it may
result in a dense film with an increased probability of stronger tensile
strength. Furthermore, while analyzing elongation at break, it was
discovered that the addition of single and hybrid nucleating agents
reduced the elongation at break of LLDPE/0.5 wt% calcium carbonate,
LLDPE/0.5 wt% kaolin, and LLDPE/0.25 wt% calcium carbonate/
0.25 wt% kaolin films compared to LLDPE (control). The reason
for the decrease in elongation at break is that the polymer chain in
the structure of LLDPE has a reduced free volume due to higher
crystallinity [27,28]. As a result, the film has become even more solid.
However, the changes in mechanical properties had no effect on the
usage of film for food packaging because both tensile strength and
elongation at break remained within acceptable limits. In general,
commercial LLDPE films have tensile strength and elongation at
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break values ranging from 7.30 MPa to 42.0 MPa and 460% to
1100%, respectively. As a result, the films obtained in this research
have attributes that are acceptable when compared to commercial
films. Finally, the thickness of the film (Table 2) is not significantly
different in every example. As a result, it will not be considered when
comparing mechanical properties.

4. Conclusion

The results of this research show that utilizing both types of
nucleating agents, single and hybrid nucleating agents, at a concentration
of 0.5 wt% can aid in the rinsing of fat stains on the LLDPE film
surface. Furthermore, the employment of nucleating agents does not
significantly affect the physical and chemical properties of the film.
In conclusion, this research will be beneficial to the private sector in
making films with easier-to-clean properties at a low cost and with
simple preparation.
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