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A B S T R A C T

In this study, long-chain saturated fatty acid was utilized to modify waste cellulose fibers sheet of Metromilan 
company for the preparation a hydrophobic composite. To our knowledge, researchers have paid no attention to 
the effect of carbon chain length in fatty acids used to modify cellulose. In this study, hydrophobic coating was 
developed using waste fiber cellulose sheet modified with palmitic (PA) and stearic (SA) acids. The method 
involves immersing fiber cellulose sheet in fatty acids of varying chain lengths to enhance fiber dispersion and 
enable the formation of modified cellulose sheets. This modified cellulose, in turn, could facilitate the dispersion 
of fatty acids, resulting in the formation of a hydrophobic coating. In addition, a low-cost device has been created 
in-house to measure water contact angles (CA). Cellulose sheet neEDX less amount of palmitic acid than stearic 
acid yielding a smoother film. Cellulose/PA composite exhibits a higher CA of 126.72◦ and lower moisture 
absorption versus stearic acid’s best CA of 122.57◦ achieved at 0.06 M concentration. When applied as a coating, 
it rendered the paper surface hydrophobic. Energy-dispersive X-ray spectroscopy (EDX) confirmed the elements 
nature of bare cellulose/fatty acid and the reaction between the cellulose sheet and fatty acids (PA; SA) through 
an increase in carbon atomic % (highest percentage). The cellulose/PA composite reached 1.57 % (0.06 M) and 
the cellulose/SA composite reached 10.3 % (0.14 M). Fourier transform infrared spectroscopy (FTIR) analysis 
confirmed the bonding between cellulose and stearic/palmitic acids through appear peaks at 2913 cm− 1 (CH2) 
and 2882 cm− 1 (CH3). Scanning electron microscopy (SEM) imaging explained the fibers and acids morphologies 
of cellulose and their coverage by fatty acid.

1. Introduction

Self-cleaning materials refer to surfaces that enable water droplets to 
slide or roll off, effectively removing dirt and contaminants [1]. This 
quality is extensively utilized across various sectors, including textiles, 
marine, optical, automotive, and aerospace industries [2]. The wide
spread use of petrochemical plastics has raised serious environmental 
concerns due to their non-biodegradable nature and high ecological 
toxicity [3,4]. As a sustainable alternative, cellulose offers significant 
advantages, including abundant availability, inherent biodegradability, 
and versatile chemical modifiability through its polyhydroxy groups [5]. 

Nevertheless, despite these benefits, cellulose-based hydrophobic ma
terials still require substantial property enhancements to meet practical 
application standards with overcoming their inherent hydrophilicity 
being one of the most critical challenges [6]. Cellulose, a widely avail
able biopolymer, is commonly utilized as the primary material for 
manufacturing paper products [7]. Various types of wood, containing 
cellulose content ranging from 45 % to 50 %, serve as the main raw 
materials for industrial cellulose production [8]. In addition, the cellu
lose industry boasts a significant production volume, reaching an 
astonishing 200 million tons annually worldwide [9]. The crystallinity 
of natural cellulose, which refers to the amount of crystalline material 
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present, varies from 50 % in cellulose from herbaceous plants to 80 % in 
tunicate cellulose, and can be modified through physical methods like 
dry grinding or physicochemical treatments such as acid hydrolysis. 
[10]. Cellulose fibers feature a substantial number of hydroxyl (OH) 
groups on their surface, enabling the formation of hydrogen bonds with 
water molecules. This interaction facilitates the dispersion of water 
across the surface [11]. Due to its hydrophilic and hygroscopic proper
ties, cellulose has a natural ability to absorb water. Water contact angles 
observed on smooth cellulose films range from 27◦ to 47◦ [12]. Despite 
being naturally hydrophilic, cellulose offers unmatched benefits as a 
substrate for superhydrophobic materials. This is due to its abundance, 
biodegradability, and distinctive physical, chemical, and mechanical 
properties, which set it apart from commonly used non-renewable ma
terials [13]. The water vapor barrier properties of cellulose films can be 
effectively enhanced by incorporating hydrophobic compounds such as 
fatty acids, beeswax, or lipids into the hydrocolloid matrix, achieved 
either through pre-drying emulsification of these substances with the 
aqueous hydrocolloid solution or by creating bilayer structures where a 
hydrophobic layer coats the hydrocolloid base film. Numerous studies 
have investigated how these hydrophobic additives influence the func
tional characteristics of edible films [14–18].

Fatty acids feature aliphatic hydrocarbon backbones ending in a 
carboxyl group. These molecules derive strong hydrophobicity since 
their chains contain methyl and methylene groups. Hydrophobicity 
generally increases with fatty acid carbon chain length [19]. Palmitic 
and stearic acid as the most prevalent saturated fatty acids exhibit key 
differences impacting their application in material modification. Pal
mitic acid is cheaper and more available than stearic acid lowering 
production costs. Thermally palmitic acid (pristine) withstands near 
61.2 ◦C [20] while stearic acid decomposes around 69.3 ◦C making the 
second one suitable for moderate heat as shown in [21]. Chain length 
differs: palmitic acid has 16 carbon atoms versus stearic acid’s 18 [22]. 
Palmitic acid’s shorter chain enables denser material surface packing 
potentially enhancing hydrophobicity and achieving higher water con
tact angles. Studies such as those by Agrawal et al. [23] demonstrated 
that shorter fatty acids can improve superhydrophobicity due to better 
molecular arrangement. Overall palmitic acid offers a cost-effective and 
thermally stable option that may provide superior hydrophobic char
acteristics compared to stearic acid. Ban et al. [24] demonstrated that 
modifying semiconductor with myristic acid a shorter C14 carbon chain 
fatty acid significantly enhanced superhydrophobicity achieving a 
maximum contact angle of 166.8◦. This result surpassed prior stearic 
acid studies reaching only 158.3◦ suggesting C14 carbon denser coating 
provides superior hydrophobic properties compared to longer-chain 
acids like stearic acid [22]. Furthermore, Racca et al. [25] found semi
conductor coated with myristic acid 14 carbons showed better thermal 
stability than those coated with stearic acid. This was attributed to short 
chain providing more active sites.

Current literature lacks a focus on low-cost methods for enhancing 
the hydrophobicity of cellulose using waste materials. This study fills 
that gap by demonstrating a simple technique to convert hydrophilic 
waste cellulose into hydrophobic composites using palmitic and stearic 
acids with chain lengths of 16 and 18. Our method achieves high water 
contact angles that exceed those reported in previous studies.

Lie et al. [26] developed a green, catalyst-free method to synthesize 
highly hydrophobic amidated cellulose (ADC) by grafting fatty acid 
(oleic acid, 18 carbon atoms) (OLA) onto aminated cellulose via amide 
bond formation. The unsaturated fatty acid tail of OLA created a hy
drophobic barrier in the ADC films, resulting in a CA of 110◦. G. Chen 
et al. [27] studied the impact of oleic acid (OA) on cellulose sulfate (CS) 
film properties. They observed that incorporating OA increased the 
surface CA from 64.2◦ to 94.0◦ (CS/OA ratio from 1:0 to 1:0.25), indi
cating enhanced hydrophobicity. Lui. et al. [28] investigated the effect 
of blending modified pectin/cellulose by fatty acid (Docosanoic acid, 
22‑carbon atoms) and they found that it significantly increased the 
hydrophobicity of the composite membranes. Specifically, the highest 

CA for the modified membrane was 97.6◦, much higher than that of the 
native membrane (68.9◦).

The interaction between hydrophobic substances and water, along 
with their resistance to wetting, plays a crucial role in various industrial 
applications, particularly in processes such as water purification [29]. 
The general principles hydrophobic surfaces also apply to cellulose- 
based materials with hydrophobic coatings, adhering to two general 
rules: 1) the coating must possess a suitable surface structure at the 
micrometer scale, and 2) the coating must exhibit moderately low sur
face energy chemistry, such as hydrocarbon or fluorine compounds [30]. 
Gao et al. [31] highlight that long-chain fluorinated polymers release 
harmful pollutants, driving research toward eco-friendly hydrophobic 
materials with reduced or zero fluorine content.

This study focused on the development of hydrophobic cellulose/ 
fatty acid composite coatings using one-step immerse mixture tech
nique. The influence of length carbon chains (16, 18 carbon atoms) on 
the dispersion of hydrophobic fiber cellulose and the effect of fatty acid 
content on the wettability of the coating were discussed.

2. Methodology: Materials and substrate preparation

2.1. Materials

Waste cellulose fibers sheet (Raw material, International Fragrance 
Corporation, Metromilan, Pakistan). Stearic acid (CH₃(CH₂)₁₆COOH, 
Segma-Aldrich, Germany). palmitic acid (CH₃(CH₂)₁₄COOH, Segma- 
Aldrich, Germany). Ethanol (CH₃CH₂OH, Scharlau, Spain).

2.2. Substrate

Waste cellulose (Raw material) sheet samples were cut into uniform 
pieces (30 mm × 10 mm) with thickness ̴ 0.299 mm to serve as substrates 
for coating.

2.3. Fatty acid solutions

Stearic and palmitic acids were dissolved in 10 mL of absolute 
ethanol due to ability to dissolve both acids effectively at varying con
centrations (0.007, 0.035, 0.06, 0.14, and 0.25 M). Solutions were 
stirred for 15 min at room temperature (25 ◦C) to ensure complete 
dissolution.

2.4. Coating procedure

Immersion: Cellulose substrates were immersed in the fatty acid 
solutions and left to age for 24 h at room temperature, facilitating 
composite formation. In addition, to ensure adequate cellulose–fatty 
acid interaction enabling sufficient adsorption and hydrogen-bond- 
mediated bonding.

2.5. Thermal treatment

Samples were then heated at 60 ◦C for 1 h to enhance hydrophobic 
coating adhesion and to ensure complete evaporation of the solvent. All 
details are shown in Fig. (1a).

2.6. Characterization

Contact angles were measured using a custom-built contact angle 
meter. This section provides an overview and examination of the overall 
system scheme with all electronic components and circuits that have 
been used in the device including the Arduino (Uno) microcontroller, 
servo motor (Model: SG90) used for moving the surface of the area 
tester, and the power supply that is used to feed the overall. The system 
is divided into two parts, which are the electronic circuit and mechanical 
design which will be discussed, you can follow these steps: 1) Connect 
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the DC motor (PG420) to a motor driver module L298N. Connect the 
push buttons to two digital input pins on the Arduino and the limit 
switches to two digital input pins as well. Connect the potentiometer to 
an analog input pin on the Arduino. 2)Write a sketch that reads the state 
of the two push buttons and the two limit switches using the digital input 
pins. When the up button is pressed, the DC motor should rotate in one 
direction until it reaches the up-limit switch. When the down button is 
pressed, the DC motor should rotate in the opposite direction until it 
reaches the down limit switch. 3)Use the potentiometer to control the 
position of the servo motor. Read the value of the potentiometer using 
the analog input pin and map the value to the range of angles that the 
servo motor can rotate. Write this angle to the servo motor using the 
Servo library. 4) Combine the two parts of the sketch to control both the 
DC motor and the servo motor simultaneously. When the DC motor 
reaches one of the limit switches, the servo motor should move to a new 
position. A simple diagram of how to connect a servo motor and other 
elements to an Arduino. 5) Images of the water droplet have been 
captured using a microscope camera (51MP 2 K HDMI Industrial Mi
croscope Camera 180× Lens Ring Light) and analyzed using [Ossila] 
software to determine the CA as shown in Fig. 1(b). Furthermore, the 
volume of deionized water droplet (̴ 2 μL) has been deposited carefully 
on cellulose/fatty acid composite. Finally, the device has been cali
brated: A droplet was deposited by the device onto the standard Teflon 
surface, and the contact angle of the droplet was measured. The 
measured value was 114.50350◦ (average), which is an excellent and 
highly accurate result compared to international standards [32], as 
shown in the following Fig. 1c.

3. Hydrophobicity mechanism and chemical reaction of 
cellulose/fatty acid

Membrane hydrophobicity relies on constructing hydrophobic sur
faces through microstructural design or chemical functionalization. 
Microstructural design modifies the surface morphology using tech
niques like co-blending, deposition/coating, or chemical etching. This 

creates gaps that increase the energy barrier against liquid penetration 
achieving hydrophobicity. Such design can be implemented in situ or via 
post-treatment. The Cassie-Wenzel model explains the mechanism: un
like smooth surfaces where droplets contact closely, rough membrane 
surfaces trap air molecules forming micro-pockets. These pockets hinder 
solid-liquid contact and reduce droplet infiltration creating hydropho
bicity [33]. Increased surface roughness within limits forms larger air 
pockets. This synergistically enhances hydrophobicity through hydro
static pressure, capillary force, and inherent surface properties as shown 
in Fig. 2a.

Chemical functionality offers an alternative to surface-roughness 
microstructure design. It achieves hydrophobicity by modifying mate
rial surfaces via blending/coating or chemical grafting/crosslinking. 
These methods introduce chemicals containing hydrophobic groups like 
aliphatic chains, aromatic rings, organofluorines, or organosilicons 
which impart low surface energy. These two strategies can also be 
organically coupled to construct hydrophobic surfaces [34–37]. Fig. 2b 
shows hydrophobic group action. Weak polarity and minimal hydrogen 
bonding in these groups reduce affinity for water molecules yielding 
macroscopic hydrophobic properties. Importantly microstructure and 
chemical functionality effects interact. Therefore, hydrophobic modifi
cation of profiles such as separation membranes usually involves syn
ergistic coupling of both approaches. The characteristics 
(microstructural and chemical functional) of the CA hydrophobic 
modification process are summarized in Table 1.

The mechanism reaction by which stearic and palmitic acids attach 
to the cellulose surface is likely a combination of physical adsorption 
and hydrogen bonding. Physical adsorption occurs due to Van der Waals 
forces between the hydrocarbon chains of the fatty acids and the cel
lulose surface. Xiong et al. [45] fabricated asymmetric membranes via 
vapor-induced phase separation (VIPS) from a blend of cellulose and 
styrene–butadiene–styrene block copolymer (SBS), resulting in an SBS 
hydrophobic layer with a water contact angle greater than 145◦. How
ever, these forces are relatively weak and may not be sufficient to create 
a stable coating. Hydrogen bonding is likely a more significant factor. 

Fig. 1. Experimental set-up of cellulose/fatty acid composite (a), The hardware of control device (b), Normalization of the fabrication system (c).
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The carboxyl groups (-COOH) of the fatty acids can form hydrogen 
bonds with the hydroxyl groups (-OH) of the cellulose. These hydrogen 
bonds provide a stronger and more stable interaction than physical 
adsorption alone. Ganesh et al. [46] fabricated nanofiber membranes by 
blending cellulose with thermoresponsive poly(N-isopropyl acrylamide) 
(PNIPAM). At room temperature (23 ◦C), these membranes exhibited 
superhydrophilicity (WCA ≈ 0◦), attributed to the inherent hydrophi
licity of both polymers and intermolecular hydrogen bonding with 
water. Upon heating to 40 ◦C, PNIPAM underwent a phase transition. 
This promoted hydrogen bonding between cellulose and PNIPAM mol
ecules, exposing PNIPAM’s hydrophobic main chain and increasing the 
water contact angle to over 130◦. The proposed mechanism reaction is 
illustrated in Fig. 3.

4. SEM analysis

Scanning Electron Microscopy (Axia ChemiSEM, Thermo fisher sci
entific company, Netherlands) is a valuable tool for examining and 
comparing the surface characteristics, structure, and diameter of natural 
and modified cellulose. Fig. 4a shows a typical SEM micrograph of the 
pristine cellulose fibers, revealing their characteristically flat 
morphology and the presence of small particulate impurities (Further 
details on the magnification are provided in the supplementary file). 
The distribution analysis reveals that cellulose was uniformly formed in 
the shape of fibers, with the highest count observed in fibers of larger 
diameter, averaging between 10 and 15 μm. C. Carrasco et al. and Ding 
et al. [47,48] SEM investigations of individual cellulose fibers reveal the 
presence of distinctive surface topographical features such as wrinkles, 
grooves, and fissures.

Fig. 2. Hydrophobic interaction mechanism schematic: (a) Surface microstructure (b) Hydrophobic groups.

Table 1 
Approaches to enhance hydrophobicity in cellulose.

Polymer type key substance Specific process Contact angle Ref.

Cellulose triacetate Fatty alkyl thiols Thio-Michael click reactions 1000 [38]
Cellulose acetate- polyacrylonitrile – Electrospinning 1310 [39]
polylactic acid/cellulose acetate Polyamidoamine Blending 79.90 [40]
Cellulose acetate ZnO Electrospinning 1240 [41]
Cellulose acetate Siloxane Cross-linking 1000 [42]
Cellulose acetate SiO2 Coating 1540 [43]
Cellulose acetate Polydimethylsiloxane/ SiO2 Coating 1570 [44]
Waste Cellulose Stearic and palmitic acids Coating 126.70 This study

Fig. 3. Demonstrates hydrogen bonding interactions between cellulose and fatty acids.
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Fig. 4b–g are SEM images of cellulose covered with various con
centrations (0.007, 0.06, and 0.14 M) of palmitic and stearic acids under 
1kx magnification (Further details on the magnification are provided in 
the supplementary file). Fig. 4b-d demonstrate that treating cellulose 
with palmitic acid leads to alterations in the surface morphology, 
affecting the external appearance of the fibers. Analysis indicated that 
the cellulose surface underwent specific changes following coating with 
palmitic acid, which were attributed to the formation of hydrogen 
bonds. The concentration of palmitic acid significantly affected the fi
ber’s surface topography; a smooth surface was observed at 0.007 M, in 
contrast to the rough surface generated at 0.06 M as shown in Fig. 4b 
and Fig. 4c, respectively. At higher concentrations (0.14 M), the fatty 
acid chains became increasingly entangled, a process that resulted in the 
formation of aggregated clusters (Fig. 4d). On the other hand, SEM 
clearly shows that stearic acid covered the cellulose fibers from 0.07 to 
0.14 M, and at high molarity (Fig. 4g), clusters appeared due to the 
entanglement of the chains with each other.

The EDX (XFlash 6110, Bruker, Germany) spectrum was employed to 

identify the types of particles that were bonded to the surface of the 
cellulose fiber sheet. Fig. 5a presents the EDX spectrum for both pure 
cellulose fibers and the cellulose fibers combined with Palmitic acid 
samples. The EDX spectrum of the pure cellulose fibers did show the 
main characteristic peak of carbon (atom %, 12.98), while the EDX 
spectra of cellulose/palmitic or stearic acid composite samples are 
clearly showed the increasing in characteristic peaks for carbon from 
13.41 reached to 14.55 atom % confirming the existence of fatty acid 
element on the cellulose fiber surfaces for palmitic samples. It was 
observed that carbon chain is a major element on the cellulose fibers. 
However, the carbon atom % of samples stearic acid coated cellulose 
fibers reached to 23.22 (0.14 M) sample due to the number of carbon 
chain has 18 atoms greater than palmitic 16 atoms as depicted in Fig. 5b. 
In addition, other elements such as Flourine, Gallium, Germanium, Se
lenium, Tantalum, and Arsenic have been appeared due to the cellulose 
is waste.

Fig. 4. SEM of pristine cellulose(a), cellulose/ PA (b-d), and cellulose/ SA composites (e-g).
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5. Structural analysis

The X-ray diffractogram (X Pert Pro(MPD) by PanAlytical, Nether
land) technique was utilized to thoroughly investigate the crystal 
structure and evaluate the compatibility of pristine waste cellulose and 
the cellulose/fatty acids composite at varying concentrations (0, 0.007, 
0.06, and 0.14 M). The diffraction peaks were measured over a 2θ range 
of 5◦ to 80◦, with a step size of 0.04◦min− 1. Fig. 6 demonstrates that the 
raw cellulose material and its composites exhibited characteristic 
diffraction peaks at 2θ = 15.6◦, 22.5◦, and 29.4◦, which align with the 
crystal structure of cellulose, specifically the (1− 10), (200), and (004) 
planes, respectively [49]. A slight shift of the diffraction peak toward 
lower angles was occurred as the concentration of cellulose/fatty acids 
increased, indicating changes in cellulose’s diffraction lattice planes 
[50]. Furthermore, the intensity of the 22.5◦ peak increased with higher 
concentrations of fatty acids (palmitic and stearic), which may be 
attributed to enhanced crystallinity.

6. FTIR analysis

To illustrate the interactions of chemical bonds in the sample, Fig. 7

(a,b) displays the FTIR (Alpha II, Bruker, Germany) spectra of the raw 
materials cellulose, stearic, and palmitic acids. The strong broad peak at 
3339 cm− 1 has been appeared, which is indicative for the stretching 
vibrational peak of -OH and hydrogen bond. The characteristic ~1594 
cm− 1 peak was attributed to -COOH stretching vibration, While The 
~1431 cm− 1 peak was attributed to -OH bending vibration in -COOH 
(hydrogen bond) [28]. The region between 1000 and 1200 cm− 1 con
tains numerous absorption bands associated with the stretching vibra
tions of C–O and C-O-C bonds essential to cellulose structure [51]. 
Several researchers [52–55] conducted comprehensive FTIR spectros
copy studies on cellulose fibers involved comparing spectra to cellulose 
standards and determining that absorption bands between 3660 and 
2800 cm− 1 and 1650–400 cm− 1 are vital for identifying functional 
groups. Observed peaks aligned well with spectral data from our cellu
lose samples. In addition, the presence of fatty chains was confirmed by 
the double peaks observed at 2913 cm− 1 and 2882 cm− 1 [56]. Their 
presence confirms stearic acid incorporation into the cellulose structure 
enhancing its hydrophobic properties.

7. Effect of carbon chain length on hydrophobicity

In this study, the number of replicates for each experimental condi
tion should be specified to ensure statistical reliability. Typically, a 
minimum of three replicates per condition is recommended to account 
for variability. The change in surface wettability of the samples that 
have been underwent to modification using fatty acids of different molar 
masses. The molar mass ratio of stearic and palmitic fatty acids to cel
lulose was consistently maintained at a surface area of 30 mm × 10 mm, 
With the increase in fatty acids content ranged from 0.007 M to 0.25 M. 
The water droplet on the surface of pristine fiber cellulose is rapidly 
absorbed within a duration of 10 s due to its exceptional super hydro
philic property. This is primarily attributed to the reactive nature of the 
hydroxyl groups present in the cellulose structure, which readily 
interact with water molecules, facilitating swift absorption as shown in 
Fig. 8a. The effect of the weight ratio of stearic and palmitic acids to 
cellulose on the hydrophobicity of the samples. The graph visually 
represents how varying the weight ratio influences the degree of water 
hydrophobicity exhibited by the modified cellulose as illustrated in 
Fig. 8(b + c). At a lower molar ratio of 0.007 M, it was observed that the 
water contact angles measured for the cellulose/SA and cellulose/PA 
samples were 95.56◦ and 100.05◦, respectively. At a large ratio of 0.06 
M, the CA for stearic acid increased to 122.57◦, whereas the CA for 
palmitic acid increased to 126.72◦. This suggests that the carboxyl 
groups of palmitic acid exhibit a greater tendency to rearrange 

Fig. 5. EDX spectrum of pristine cellulose, cellulose/palmitic acid (a) cellulose/stearic acid composite (b).

Fig. 6. XRD of pristine waste cellulose and cellulose/fatty acid composites.

Z. Abdulelah et al.                                                                                                                                                                                                                              International Journal of Biological Macromolecules 330 (2025) 147939 

6 



themselves and attach to the active -OH groups on the cellulose surface 
compared to stearic acid. Increasing the concentrations of fatty acid 
leads to an excess of carboxyl groups on the cellulose surface. In turn, 
this excess modifies both the surface free energy and surface roughness. 
The presence of excess fatty acid on the cellulose surface reduces the 
surface roughness and can introduce additional hydrophilic fatty acid 
heads. As a result, the droplet CA is reduced as depicted in Fig. 9. Table 2
presents comprehensive information regarding the CA observed for pure 
cellulose fiber polymer, as well as its combinations with various fatty 
acids possessing different carbon chain lengths. Shi et al. [57] address 
designing surface coatings to protect materials long-term under corro
sion. Their coating design’s multidimensional nature prioritizes key el
ements such as surface texture chemical composition and interfacial 

adhesion. This thorough strategy enhances coating durability and per
formance while providing firm technical support for our experimental 
design and materials selection.

8. Conclusion

Scientific and industrial research increasingly focuses on developing 
environmentally friendly hydrophobic coatings derived from sustain
able cellulose. Waste cellulose sheet is combined with fatty acid to form 
a composite by a simple method. Different length chains of carbon fatty 
acid such as palmitic and stearic acid have been used to reinforce the 
hydrophobicity stability. Based on hydrophobicity characterizations, a 
shorter chain (palmitic acid) shows good results at the lowest amount of 

Fig. 7. Shows FTIR analysis of bare Cellulose and Cellulose /Stearic (a), and Cellulose/Palmitic acid (b).

Fig. 8. Contact angle of pristine cellulose (a), cellulose/stearic acid (b), and cellulose/palmitic acid composite (c).
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molarity with a CA reaching 122.720 better than stearic acid of 114.240 

at 0.035 M. In addition, when increasing the molarity both of acids the 
CA increases to reach 126.720, 122.570 of palmitic and stearic acid, 
respectively. Palmitic acid, a highly prevalent and stable fatty acid, 
possesses a nearly identical structure to stearic acid, making it a po
tential substitute. Additionally, the shorter chain length of palmitic acid 
allows for a more compact coverage on fibers, enabling a greater ca
pacity for particle loading within the same volume. This characteristic 
can contribute to an augmented hydrophobic effect. By coating the walls 
of fiber cellulose with fatty acids, the proposed process provides an 
environmentally friendly alternative to their present two-step preser
vation process, which first involves covering the incense sticks with 
materials of a polymeric preservative nature, followed by an outer 
application of fiber cellulose. The proposed process shall reduce the cost 
and environmental hazards associated with the conventional process.
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