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ABSTRACT

Indonesia is an agricultural country with the potential to grow many plants as natural fiber sources. In order to
improve its properties, natural fiber needs to be treated by applying nanomaterial so that it can compete with the
characteristics of synthetic fibers. The study aims to determine the influence of adding titanium dioxide (TiO2)
nanoparticles on pineapple leaf fiber (PALF) characteristics. The PALF was collected from the Subang
plantation (Indonesia). The chemical treatment was carried out with pre-treatment using an alkalization process
for 3 hours, and the oxidation process was carried out with TEMPO. TiO, nanoparticle grafting was carried out
by adding a silane solution with a ratio of 1:10 with alcohol. The characteristics of PALF were observed using
XRD, FTIR, SEM, and tensile tests. The results show that the crystallinity of the PALF increased after TEMPO
treatment. PALF form Si-O-C bond identified at a wavelength of 1158 cm™ after silane treatment. Ti — O — Si
functional groups were identified in the 660 cm™ — 670 cm wavelength range. In the fiber surface, agglomerated
TiO, nanoparticles are formed and increase with increasing TiO nanoparticle concentration. The tensile stress
of treated PALF is increased by 125%, with the highest tensile strength of 1279.18 MPa, obtained by TiO;
nanoparticle concentration of 1.0%.
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I. Introduction

Technological developments in Indonesia, especially in materials, continue to increase
yearly because composite materials are often used as a substitute for metal materials. Indonesia
has a tropical climate and is known as an agricultural country. Compared to synthetic fibers,
Indonesia has the potential to grow many plants that can be used as fiber for organic materials
that can be decomposed or degraded by the environment. Natural fibers are widely used because
they have low production costs, are environmentally friendly, are safe for human health, and can
replace substitute synthetic fiber [1].
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The pineapple fruit is well-known among Indonesians. Pineapple accounts for 2.5 billion
pineapples produced in Indonesia, making it one of the world's top 10 producers. According to
the Indonesian Central Statistics Agency (BPS), pineapple production in 2020 will exceed 2
million tons [2]. Pineapple leaf fiber (PALF) has the potential to be used because it has a
relatively high fiber content and a mechanical strength of 164.55 MPa when alkalized by NaOH
6% [3]. The other fiber was treated using alkali 5%, which increased its composite's flexural
strength [4][5].

Natural fibers must be treated so that they can later bind to nanoparticles. The issue with
cellulose-reinforced composites is that they are hydrophilic [6]. The hydrophilic nature of the
fibers is opposite to that of the polymer to be used, namely hydrophobic as a matrix material.
Hydrophilic is the property of a compound that can bond with water, whereas hydrophobic is
the property of a compound that cannot bond with water [7]. Special treatment has been
performed to improve the strength of natural fiber, including adding 6% alkali, which can
increase tensile strength up to 82% [8]. Grafting using silane increases the interface shear stress
of an epoxy composite by 129% at a silane concentration of 10% [1]. Using inorganic
nanoparticles in natural fibers can also affect the fiber's natural properties, which range from
hydrophilic to hydrophobic [9]. Introducing nanomaterials in natural fiber polymer composites
may lead to fiber properties such as antibacterial [10][11], anti-static [12], UV protection [13],
or superhydrophobic surface [14].

Titanium dioxide (TiOz2) is the element titanium's natural oxide with natural polymorphs
such as brookite, anatase, and rutile [15]. They are recognized as among the most widely used
nano-scale materials in various industries because of their widespread accessibility, lack of
toxicity, affordability, biocompatibility, and strong chemical stability [16]. Incorporating TiO2
nanoparticles into the polymer matrix could produce synergistic effects in their composite form.
Adding TiO2 nanoparticles to cellulose-based composites increases the composite elongation at
break to 92% [17]. TiO2 nanoparticles reinforced with natural fibers can also increase flexural
strength because TiO2 nanoparticle reduces the empty gaps between natural fibers and the epoxy
matrix and increases tensile strength [18] and flexural strength up to 20% [19]. Grafting TiO2
nanoparticles into natural fiber using the dip-coat method increases fiber tensile strength [20].
Silane-mediated grafting of TiO2 nanoparticles into Sansevieria fiber slightly increases the
strength of the fiber [1], so it needs to optimize the fiber surface so TiO2 nanoparticles can
grafted more efficiently into cellulose fiber.

Oxidation treatment on the fiber surface is conducted by adding oxygenated functional
groups to the fiber surface [21]. The oxidation process mediated by 2,2,6,6-
tetramethylpiperidine-1-oxyl radical (TEMPO) presents a prospective approach for producing
cellulose derivatives through surface modification. The utilization of oxidizing reactant,
TEMPO, can change polysaccharide hydroxyl groups that are hydrophilic to carboxyl groups
that are hydrophobic [22]. The TEMPO oxidation facilitates the complete dispersion of native
cellulose in water, reaching individual nanofibrils or elementary fibrils. The resulting TEMPO-
oxidized cellulose fibers incorporate negatively charged carboxyl groups onto the cellulose
surface, forming uniform oxidized cellulose suspensions that are stabilized with surface charge
[23]. These surface charges and reactivity play a dominant role in the sedimentation and
aggregation of TiO2 nanoparticles. So, this study aims to determine the influence of adding TiO2
nanoparticles on PALF properties after being oxidized by TEMPO.

Ikrom et al. (Effect of Addition Titanium Dioxide Nanoparticle on Properties of PALF Fiber)



ISSN: 2580-0817 Journal of Mechanical Engineering Science and Technology 84
Vol. 8, No. 1, July 2024, pp. 82-91

I1. Materials and Methods
1. Materials

Natural fibers were obtained from pineapple fruit plants in Subang, West Java, Indonesia.
In this study, the special treatment was oxidation with the reactant TEMPO followed by grafting
by Silane (KH560, Sinoconvoy Materials, China) and TiO2 nanoparticles (Sigma Aldrich,
Singapore).

2. TEMPO Oxidation

PALF with a length of 10 cm and a mass of 3 grams were prepared, and an oxidation
solution was prepared by mixing the compounds (0.1 gram of NaBr, 3.1 gram of NaClO, and
TEMPO of 0.016 gram) into distilled water until a total solution volume of 300 ml was reached.
Add the PALF 1%wt into the solution and stir for 1.5 hours with a magnetic stirrer. During the
stirring process, 0.1 M HCI was added to the solution to begin the oxidation process, and the pH
was adjusted to 10 using 0.5 M NaOH added to the solution on a regular basis. The solution was
then sonicated for 15 minutes with a sonicator before being washed with distilled water until
the pH returned to normal and dried in an oven at 70°C for 4 hours.

3. Grafting TEMPO-oxidized PALF

TEMPO-oxidized PALF with a length of 10 cm and a mass of 2 grams were prepared. The
grafting solution combined the silane solution with 96% alcohol in a 1:10 ratio. Prepare TiO2
nanoparticles to be mixed into a Silane grafting solution prepared with a TiO2 nanoparticle
content of 0.25%, 0.50%, 0.75%, 1.0%, and 2.0%. Gently stir the TiO2 nanoparticles into the
grafting solution. TEMPO-oxidized PALF was sonicated for 15 minutes in a grafting solution
containing TiO2 nanoparticles. The fiber was washed with alcohol and distilled water for one
hour before being dried in an oven at 75°C for two hours.

4. Surface Morphology

The surface morphology of PALF was observed using a Scanning Electron Microscope
(FEI, S50, USA). The magnification is 50,000x. The natural fiber's surface was covered with a
layer of gold to increase the sample's conductivity prior to observation.

5. Crystallinity Analysis

Crystallinity Analysis was determined using X-ray Diffraction (XRD) (PAN Analytical
E’xpert Pro). As described in Eq. (1), segmental equations were used to determine the fiber's
crystallinity index (CI). The diffraction angle used for the scanning ranged between 10° and 80°.

QCI = 220 5 10000 ..o (1)

(002)

Where Iam) represents the diffraction intensity at 18% and I02) refers to the highest diffraction
intensity at 22°-23°.

6. FTIR Analysis

The modifications that occurred in the chemical bonding and intermolecular interactions of
PALF-mediated TEMPO oxidation with the addition of TiO2 nanoparticles were determined
using Fourier Transform Infra-Red (FTIR) analysis. In order to observe bond issues of PALF
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oxidation caused by TEMPO, spectra were obtained over a range of 500-4000 cm-1 and
compared with an IR correlation table.

7. Mechanical Strength Test

The nanocomposite's mechanical strength was evaluated using an ASTM D3379-75 tensile
test. At a maximum load of 50 N, tensile testing was carried out using a tensile test apparatus
(Techno Lab, Indonesia). In accordance with ASTM D3379-75, the samples were cut using
scissors and placed between holders for tensile testing.

I11. Result and Discussion

1. Morphology Analysis

Figure 1 shows the results of SEM observation on TEMPO-oxidized PALF with the
addition of TiO2 nanoparticles at 50k magnification.

Fig. 1. Surface Morphology of PALF-mediated TEMPO oxidation (a) TEMPO+Silane, (b) T.S + TiO;
0.25%, (c) T.S + TiO2 0.5%, (d) T.S + TiO, 0.75%, (e) T.S + TiO2 1%, and (f) T.S + TiO, 2%
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PALF, after oxidization by TEMPO and grafting by Silane, shows a smooth surface (Figure
1A-B). TiO2 nanoparticles indicate the presence on the fiber surface (Figure 1C-1D). Increasing
TiO2 nanoparticle content increases the agglomeration of TiO2 nanoparticles (Figure 1E and
1F). These agglomerated TiO2 nanoparticles were formed due to previous chemical treatments,
such as alkali treatment and TEMPO oxidation, which made the fibers more reactive and caused
agglomeration [24]. The reactive side for the silanol groups on the silane is the hydroxyl group
on the surface of the TiO2 nanoparticles, which will react with the hydroxy! groups on the PALF.
In contrast, other silanol groups will combine with the TiO2 nanoparticles to form Ti - O - Si
and Si - O - C structures, as evidenced by the FTIR test results [25]. Silane grafting is an effective
method for reducing surface energy and enhancing dispersion properties. Still, when the amount
of nanoparticles was too high, it led to nanoparticle agglomeration, which might impact some
properties.

2. Crystallinity Analysis

TiO2 nanoparticles were added to the peak of crystallinity in TEMPO-oxidized PALF. XRD
testing was performed to determine the differences and compare the crystalline phase in the
fiber. The peak of crystallinity of TEMPO-oxidized PALF occurred at 20 22°-23° for crystalline
material and 20 18° for amorphous material. According to Figure 2, the diffraction peaks are
[011], [002], and [400] at 21.6, 22.7, and 34.4° [26], indicating that cellulose is included in
cellulose I or a cellulose [27].
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Fig. 2. X-ray diffraction angle of PALF-mediated TEMPO oxidation

The crystalline index (CI) values of PALF increased from 73% to 84.8% before and after
treatment, owing to chemical treatments such as alkalization and the grafting silane, which
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dissolved the amorphous content in the fiber, causing it to crystallize more and increase the
percentage of cellulose I. Increased crystallinity in chemically treated fiber content due to
improved moisture resistance and chemical reactivity over raw fiber [27]. A slight decrease in
the crystallinity of TEMPO-oxidized PALF was caused by the deposition of TiO2 nanoparticles
on the fiber's surface, as shown in Table 1. The agglomeration of TiO2 nanoparticles in the SEM
test results was confirmed [28].

Table 1. Crystallinity and peak of PALF-mediated TEMPO oxidation

Samples Diffraction Angle (°)  Toez  Limoy  CI(%)
Control 22.39 467 126 73.0
TEMPO (T) 22.63 854 134 843
TEMPO-Silane (T.S) 2271 853 125 853
T.S + Ti0, 0.25% 22.73 730 120 83.6
T.S + Ti0, 0.50% 22.77 821 130 84.2
T.S + Ti02 0.75% 22.79 753 121 83.9
T.S + TiO, 1.00% 22.95 651 115 82.3
T.S + TiO, 2.00% 22.69 809 123 84.8

3. Functional Group Analysis

Based on the FTIR test results, TEMPO-oxidized PALF with variations in the addition of
TiO2 nanoparticles are shown in Figure 3. The first peak shows a peak at a wavelength of 3100
cm! — 3600 cm™! associated with the free O-H stretch vibration of the OH group in cellulose
molecules [29]. The second peak occurs at a wavelength of 2914 cm™ to 2897 cm’!, indicating
the presence of cellulose, hemicellulose, and organic components for those not chemically
treated [27]. The silane grafting results in the formation of a Si-O-C bond with a wavelength of
1158 cm™!. The hydroxyl groups on the surface of TiO2 nanoparticles are the reactive side for
the silanol groups. Other silanol groups will join the TiO2 nanoparticles on PALF [25]. The
increase in transmittance in the TiO2 1% content as TiO2 nanoparticles are added to the fiber is
shown at a wavelength of 670 cm™! to form Ti—O—Si bonds [30].

According to Figure 4, there was an increase in the tensile stress of PALF after being treated
with TEMPO before the silane grafting. Fiber tensile strength starts to increase with the addition
of TiO2 nanoparticles to PALF at 0.5% TiO2, with a value of 679.65 MPa. The fiber strength
increases with the increasing TiO2 nanoparticle content with a value of 1279.18 MPa at TiO2
content of 2% or an increase of 125%. This result is better than the previous study, which found
that silane treatment only increases the tensile strength of flax fiber by 23% [25] and Sansevieria
cylindrica fiber by 37% [1]. These results indicate that TEMPO treatment before silane grafting
on the surface of the PALF filled with TiO2 nanoparticles can improve the bonding of the silane
layer, and the FTIR results show the formation of a Ti-O bond at a wavelength of 669 cm™,
which supports this result. Improving the grafting efficiency after TEMPO oxidation was also
reported at ethylene glycol methyl ether acrylate grafted in the cellulose sponges [31].
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Introducing TiO2 nanoparticles engages in a chemical interaction with the fiber surface.

This interaction involves the bonding of free hydroxyl groups on each glucose unit in the
cellulose chain with the oxygen of TiO2, leading to a secondary hydrogen interaction [32].
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TEMPO oxidation of cellulose increases the grafting efficiency, but when TiO2 nanoparticle
concentrations are low, minimal interaction takes place. Increasing TiO2 nanoparticle content
increases entrapped nanoparticles in the fiber microfibril due to a mechanical interlocking
mechanism. The presence of numerous widely distributed particles bonded to the fiber results
in robust adhesion to the fiber, strengthening the network bond. The incorporation of TiO2
nanoparticles within the mechanical interlocking mechanism restricts microfibril movements.
The membrane's strength is correlated with this mechanical interlocking mechanism, which acts
as a barrier in the nanocomposite matrix, enhancing structural integrity and improving
mechanical properties.

IVV. Conclusions

The study of PALF-mediated TEMPO oxidation with a variation of TiO2 nanoparticles has
been completed properly. Surface treatment using TEMPO causes the fiber to become more
reactive, as evidenced by agglomeration in the SEM observation, and the mechanical strength
of the PALF has been improved by the addition of TiO2 nanoparticles. This arose in the
formation of TiO2 nanoparticle-filled silane layer on the PALF surface, which enhanced the
layer's mechanical characteristics and decreased the amount of stress distributed on the fiber
surface during the tensile test. In the future, this treatment will have the benefit of preparing
PALF fiber to increase the composite strength by applying TiO2 nanoparticles.

Acknowledgment

We express our deepest gratitude for the publication grant given under contract number
5.4.812/UN32.20.1/LT/2023 by LPPM Universitas Negeri Malang.

References

[1]  C.S.Wiguna, H. Suryanto, and J. Maulana, “Effect of grafting nano-TiO2 on Sansevieria
cylindrica fiber properties,” Journal of Mechanical Engineering Science and Technology,
vol. 7, no. 1, pp. 10-19, 2023.

[2] BPS, “Statistik Indonesia 2021,” Badan Pusat Statistik. Jakarta, pp. 2021-2023, 2021.

[3] M. H. Zin, K. Abdan, N. Mazlan, E. S. Zainudin, and K. E. Liew, “The effects of alkali
treatment on the mechanical and chemical properties of pineapple leaf fibres (PALF) and
adhesion to epoxy resin,” IOP Conf Ser Mater Sci Eng, vol. 368, no. 1, 2018.

[4] M. Sood and G. Dwivedi, “Effect of fiber treatment on flexural properties of natural fiber
reinforced composites: A review,” Egyptian Journal of Petroleum, vol. 27, no. 4, pp. 775—
783, 2018.

[5] I N. Santhiarsa, I. G. B. W. Kusuma, and I. G. A. Negara, “Mechanical characterization
of NaOH-treated agel fiber-cotton composites,” Journal of Mechanical Engineering
Science and Technology (JMEST), vol. 7, no. 2, pp. 214-223, Nov. 2023.

[6] H. Suryanto, P. T. Hutomo, R. Wanjaya, P. Puspitasari, and Sukarni, “The structure of
bioplastic from cassava starch with nanoclay reinforcement,” in AIP Conference
Proceedings, 2016, p. 030027.

[7] Q. Sun, “The hydrophobic effects: Our current understanding,” Molecules, vol. 27, no.
20, p. 7009, Oct. 01, 2022.

Ikrom et al. (Effect of Addition Titanium Dioxide Nanoparticle on Properties of PALF Fiber)



ISSN: 2580-0817 Journal of Mechanical Engineering Science and Technology 90

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Vol. 8, No. 1, July 2024, pp. 82-91

R. M. Lugman, M. Azlan Suhot, and M. Zaki Hassan, “Effect of alkaline treatment on
the single natural fiber strength using Weibull analysis probabilistic model,” Mater Today
Proc, 2023.

M. Mohammed, R. Rahman, A.M. Mohammed, B.O. Betar, A.F. Osman, T. Adam, O.S.
Dahham, and S.C.B. Gopinath, “Improving hydrophobicity and compatibility between
kenaf fiber and polymer composite by surface treatment with inorganic nanoparticles,”
Arabian Journal of Chemistry, vol. 15, no. 11, p. 104233, 2022.

S. Antinate Shilpa, M. S. Subbulakshmi, and G. S. Hikku, ‘“Nanoparticles of metal/metal
oxide embedded fabrics to impart antibacterial activity to counteract hospital acquired
infections,” Engineering Research Express, vol. 4, no. 3, p. 032002, 2022.

S.-E. Jin and H.-E. Jin, “Antimicrobial activity of zinc oxide nano/microparticles and
their combinations against pathogenic microorganisms for biomedical applications: from
physicochemical characteristics to pharmacological aspects,” Nanomaterials, vol. 11, no.
2,2021.

M. A. Shah, B. M. Pirzada, G. Price, A. L. Shibiru, and A. Qurashi, “Applications of
nanotechnology in smart textile industry: A critical review,” J Adv Res, vol. 38, pp. 55—
75, 2022.

E. Olson, Y. Li, F.-Y. Lin, A. Miller, F. Liu, A. Tsyrenova, D. Palm, G.W. Curtzwiler, K.L.
Vorst, E. Cochran, and S. Jiang, “Thin biobased transparent UV-blocking coating enabled
by nanoparticle self-assembly,” ACS Appl Mater Interfaces, vol. 11, no. 27, pp. 24552—
24559, Jul. 2019.

I. Boticas, D. Dias, D. Ferreira, P. Magalhdes, R. Silva, and R. Fangueiro,
“Superhydrophobic cotton fabrics based on ZnO nanoparticles functionalization,” SN
Appl Sci, vol. 1, no. 11, p. 1376, 2019.

C. Cazan, A. Enesca, and L. Andronic, “Synergic effect of TiO: filler on the mechanical
properties of polymer nanocomposites,” Polymers, vol. 13, no. 12. 2021.

E. M. El-Khatib, N. F. Ali, S. H. Nassar, and N. S. El-Shemy, “Functionalization of
natural fibers properties by using TiO:2 nanoparticles to improve its antimicrobial
activity,” Biointerface Res Appl Chem, vol. 12, no. 3, pp. 4177-4191, 2022.

H. Suryanto, F. Kurniawan, D. Syukri, J. S. Binoj, P. D. Hari, and U. Yanuhar, “Properties
of bacterial cellulose acetate nanocomposite with TiO2 nanoparticle and graphene
reinforcement,” Int J Biol Macromol, vol. 235, p. 123705, 2023.

K. Sumesh, G. Saikrishnan, P. Pandiyan, L. Prabhu, S. Gokulkumar, A. Priya, P.
Spatenka, and S. Krishna, “The influence of different parameters in tribological
characteristics of pineapple/sisal/TiO 2 filler incorporation,” Journal of Industrial
Textiles, vol. 51, no. 5_suppl, pp. 8626S-8644S, Jun. 2022.

V. Prasad, M. A. Joseph, and K. Sekar, “Investigation of mechanical, thermal and water
absorption properties of flax fibre reinforced epoxy composite with nano TiO2 addition,”
Compos Part A Appl Sci Manuf, vol. 115, pp. 360-370, 2018.

Mr. Foruzanmehr, P. Y. Vuillaume, M. Robert, and S. Elkoun, “The effect of grafting a
nano-TiOz thin film on physical and mechanical properties of cellulosic natural fibers,”
Mater Des, vol. 85, pp. 671-678, 2015.

D. He, VK. Soo, F. Stojcevski, W. Lipinski, L.C. Henderson, P. Compston, and M.
Doolan, “The effect of sizing and surface oxidation on the surface properties and tensile

Ikrom et al. (Effect of Addition Titanium Dioxide Nanoparticle on Properties of PALF Fiber)



91

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Journal of Mechanical Engineering Science and Technology ISSN 2580-0817
Vol. 8, No. 1, July 2024, pp. 82-91

behaviour of recycled carbon fibre: An end-of-life perspective,” Compos Part A Appl Sci
Manuf, vol. 138, p. 106072, 2020.

J. Levani¢, V. P. Senk, P. Nadrah, I. Poljaniek, P. Oven, and A. Haapala, “Analyzing
TEMPO-oxidized cellulose fiber morphology: New insights into optimization of the
oxidation process and nanocellulose dispersion quality,” ACS Sustain Chem Eng, vol. 8,
no. 48, pp. 17752-17762, 2020.

R. Qu, M. Tang, Y. Wang, D. Li, and L. Wang, “TEMPO-oxidized cellulose fibers from
wheat straw: Effect of ultrasonic pretreatment and concentration on structure and
rheological properties of suspensions,” Carbohydr Polym, vol. 255, p. 117386, 2021.

Z. Tang, W. Li, X. Lin, H. Xiao, Q. Miao, L. Huang, L. Chen, and H. Wu, “TEMPO-
Oxidized cellulose with high degree of oxidation,” Polymers (Basel), vol. 9, no. 9, pp. 3—
4,2017.

H. Wang, G. Xian, and H. Li, “Grafting of nano-TiO2 onto flax fibers and the
enhancement of the mechanical properties of the flax fiber and flax fiber/epoxy
composite,” Compos Part A Appl Sci Manuf, vol. 76, pp. 172—180, Jun. 2015.

A. El Oudiani, Y. Chaabouni, S. Msahli, and F. Sakli, “Crystal transition from cellulose I
to cellulose II in NaOH treated Agave americana L. fibre,” Carbohydr Polym, vol. 86,
no. 3, pp. 1221-1229, Aug. 2011.

R. Vijay, S. Manoharan, S. Arjun, A. Vinod, and D. L. Singaravelu, “Characterization of
Silane-treated and untreated natural fibers from stem of Leucas Aspera,” Journal of
Natural Fibers, vol. 18, no. 12, pp. 1957-1973, 2021.

Z.A. Al-Ahmed, A. A. Hassan, S. M. El-Khouly, and S. E. El-Shafey, “TEMPO-oxidized
cellulose nanofibers/TiO2 nanocomposite as new adsorbent for Brilliant Blue dye
removal,” Polymer Bulletin, vol. 77, no. 12, pp. 6213-6226, 2020.

C. Orrabalis, D. Rodriguez, L. G. Pampillo, C. Londofio-Calderén, M. Trinidad, and R.
Martinez-Garcia, “Characterization of nanocellulose obtained from cereus forbesii (a
South american cactus),” Materials Research, vol. 22, no. 6, 2019.

T. Eleutério, S. Sério, O. M. N. D. Teodoro, N. Bundaleski, and H. C. Vasconcelos, “XPS
and FTIR studies of DC reactive magnetron sputtered TiO2 thin films on natural based-
cellulose fibers,” Coatings, vol. 10, no. 3, 2020.

I. Chiulan, D.M. Panaitescu, E.-R. Radu, S. Vizireanu, V. Satulu, B. Bita, R.A. Gabor,
C.A. Nicolae, M. Raduly, and V. Raditoiu, “Influence of TEMPO oxidation on the
properties of ethylene glycol methyl ether acrylate grafted cellulose sponges,” Carbohydr
Polym, vol. 272, p. 118458, 2021.

U. Yanuhar, H. Suryanto, S. A. Sardjono, I. K. Ningrum, A. Aminnudin, and J. S. Binoj,
“Effect of titanium dioxide nanoparticle on properties of nanocomposite membrane made
of bacterial cellulose,” Journal of Natural Fibers, vol. 19, no. 16, pp. 13914-13927, Nov.
2022.

Ikrom et al. (Effect of Addition Titanium Dioxide Nanoparticle on Properties of PALF Fiber)



