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Abstract 

 Cellulose as an abundantly available natural polymer can be utilized as an environmentally friendly 
filament material through combination with polyvinyl alcohol (PVA) and alginate. The study on 
cellulose/PVA/alginate composite as filament material haven not been widely reported and the effects of 
parameter process on the resulting filament properties still have room to be explored further. Therefore, 
this study focused on the effect of CaCl2 and cellulose concentration on the cellulose/PVA/alginate 
filaments’ thermal and mechanical properties.  In this study, isolated cellulose from Oil Palm Empty Fruit 
Bunches (OPEFBs) was used as a reinforcement agent in filament production with PVA and alginate as a 
matrix by wet spinning in a CaCl2 solution as the coagulant solvent. The prepared dopes of 
cellulose/PVA/alginate at 5, 10 and 15 % cellulose concentration were spun using a syringe pump into 5 
and 13 % CaCl2 coagulation bath. Subsequently, the resulting filaments’ mechanical and thermal 
properties were tested. The crystallinity and thermal stability of the filaments coagulated in 13 % CaCl2 
were higher than those of in 5 % CaCl2. However, the tensile strength of the filament produced showed 
just the opposite. Cellulose concentration increase resulted in filament with improved thermal stability 
and tensile strength, and higher crystallinity. Concisely, higher CaCl2 and cellulose concentration 
enhanced the filament thermal properties but higher CaCl2 concentration led to filament mechanical 
property depression contrast to cellulose which higher concentration led to mechanical property increase. 
Filament has potential application in 3D printing for various application, especially filament with 
biodegradable, biocompatible, and enhanced mechanical property is potential for particular application 
such as biomedical applications as a surgical thread or biodegradable scaffold. 

Keywords: Cellulose, Filaments, Oil palm empty fruit bunches, Wet spinning 
 
 
Introduction 

Cellulose is a homopolymer of anhydroglucose units-consisted polysaccharide that is abundant and 
has many advantages. Due to its unique properties in renewability, biodegradability, and excellent 
properties, cellulose can be widely used to produce various valuable products. The excellent properties 
provided by cellulose made this material become a great interest of many researchers.  Nakagaito et al. 
[1] was looking for the potential of reinforcing polylactic acid instead of a single reinforcement step by 
mixing cellulose and chitin nanofibers, and Cazón et al. [2] developed cellulose-polyvinyl alcohol-
glycerol films with a UV protective effect that significant to prevent lipid oxidative oxidation in food 
packaging. The effect was mainly due to the formation of strong hydrogen bonding in its structure, which 
resulted in better mechanical and thermal properties [3,4].  

One of the promising cellulose sources is OPEFBs, solid waste as a by-product of crude palm oil 
(CPO) extraction. In 2019, Indonesia produced CPO approximately was 48.4 million tons [5], which 
resulted in a high amount OPEFBs. About 230 Kg of OPEFBs will be produced during processing 1 ton 
of fresh palm oil bunches [6]. Generally, OPEFBs contain 43 - 65 % cellulose, followed by hemicellulose 
(17 - 33 %) and lignin (13 - 37 %) [7]. Because of the high cellulose content with abundant availability, 
OPEFBs is a great resource to produce cellulose and polymer-based products.  

Polymers have been produced in great quantity and variety to make polymer-based product of 
various field such as film packaging, solid molded form for atuomobile body parts, fiber for clothing and 
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carpets and many more. However, 1 kind of polymer alone might lack in properties suitable for some 
applications. In order to create a polymer material with characteristics desired for a certain product 
application, the polymer is reinforced with other component resulting enchanced mechanical 
performance, and/or new functionalities, which is also known as composites [8]. Two or more component 
can be combined to form composite through polymer blending. 

Polymer blending is a material development method to produce new material with enhanced or 
modified physicochemical properties by a physical mixture of structurally different polymers or 
copolymers. The polymers will interact with each other by force with no covalent bonding, such as 
dipole-dipole forces, hydrogen bonding, and charge-transfer complexes for homopolymer mixtures. The 
interaction, particularly hydrogen bonding, affect the properties of a material or its molecular 
characteristic. Among noncovalent bonds, the strength of van der Waals attraction is on the order of 0.2 
kcal/mol, whereas hydrogen bond is relatively stronger, lying in the range between 1 to 10 kcal/mol 
depending on the nature of solvent employed. Hydrogen bond in polymer blends is an interesting subject 
of many scientists as it usually enhances miscibility of the blend which leads to change in mechanical and 
thermal properties, particularly the glass transition temperature (Tg), melting temperature, and 
crystallization behavior. The presence of hydrogen bond in a polymer increases the glass transition 
temperature, lowers the melting temperature, and suppresses crystallization of a crystalline component 
[9]. Through polymer blending, such characteristics which are potentially beneficial for many 
applications can be achieved. Hence, polymer blending has been an attraction in scientific and industrial 
fields [10].  

In this study PVA and sodium alginate were used as matrix and cellulose was used as reinforcing 
material to produce filaments. PVA and sodium alginate are a widely used semi-crystalline polymer with 
biodegradability, biocompatibility, good flexibility, and the ability to form fibrous materials [3,10]. 
Hydroxyl groups of PVA tend to form inter and intramolecular hydrogen bonding with other polymers 
[11]. Sodium alginate is a linear polymer of 1,4-linked β-D-mannuronate (M) and α-L-guluronate (G) 
residues arranged in different M/G ratios. Alginate is a non-toxic, biocompatible, and gel-forming 
polymer. The aqueous alginate solution is immediately converted into gel due to divalent cations, Ca2+ 
from CaCl2 solution. Ca2+ cations and G-block regions’ binding will form the “egg-box” junction zone 
[12].  Therefore, as environmentally friendly materials, cellulose/PVA/alginate blend become potential 
subtitute for commonly used petroleum-based polymers which application has risen environmental 
problems. 

The filament is one of the polymer-based products used widely in various applications, especially in 
textiles and biomedical productions. There have been numerous studies of PVA/alginate filament, but 
study on cellulose-reinforced PVA/alginate for filament has not been widely reported. As a composite 
comprising biocompatible materials, cellulose/PVA/alginate filament possess high potential in biomedical 
application. Yunus et al. [13] reported the biomedical use of filament that was successfully produced 
from PVA/cellulose-based for surgical thread, utilizing cellulose isolated from OPEFBs.  

Various spinning techniques produce the filaments, including dry spinning, wet spinning, dry-wet 
spinning, and melt spinning. The selection of spinning technique is determined by types of polymer, 
solidification process (cooling, evaporation of the solvent, or precipitation in anti-solvent) and 
spinnability. A petroleum-derived polymer, such as polyethylene, polyamide, polyester and 
polypropylene, is typically melt-spun with high temperature and pressure to produce filaments. Dry 
spinning was usually conducted for polymers that can be dissolved in a volatile solvent. In dry spinning, 
the dissolved solution, called dope, will be contacted with the hot stream to evaporate the solvent and 
solidify it into filaments. Wet spinning is a spinning process in which the spinning dope is immersed and 
coagulated into the non-solvent solution [14,15].  

Wet spinning is used in this study as cellulose/PVA/alginate composite that contain natural polymer 
is suceptible to thermal degradation if processed with other techniques. This technique typically uses 
CaCl2 to crosslink alginate thus coagulating the extruded spinning dope into insoluble filament, and 
cellulose acts as reinforcing material that enhance wet spun of PVA/alginate fibre mechanical and liquid 
absorption capability [16]. Raus et al. [16] reported enchanced tenacity and elongation properties of 
cellulose/alginate composite produced with wet spinning techniques at 2 % cellulose nanocrystal content, 
and 5 % CaCl2 coagulation bath [16]. The contribution of CaCl2 and cellulose concentration on composite 
properties enhancement can be explored further. Therefore, this study investigated the effect of CaCl2 and 
cellulose concentration on produced filaments’ crystallinity index, thermal stability, tensile strength and 
elongation at break. 
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Materials and methods 

Materials 
OPEFBs were sourced from PT Inti Indosawit Subur (palm oil plantation and mills), Riau, 

Indonesia. PVA (Merck Inc., Germany), NaOH, sodium alginate (HiMedia, India), CaCl2 and H2O2 
(commercial-grade product) were used as received without any further purification. 

 
Isolation of cellulose from OPEFBs 
Isolation of cellulose was conducted as described in a previous study by Arnata et al. [17] with 

modifications. First, 50 g of dried OPEFBs was delignified in 1,000 mL of 10 % NaOH solution for 90 
min at ± 95 °C, then washed with distilled water until the pH was neutral. Afterward, delignified fibers 
were bleached in 30 % H2O2 at ± 95 °C for 60 min, followed by washing with distilled water until neutral. 
The fibers were then bleached in the mixture of alkaline peroxide solution (10 % NaOH and 30 % H2O2 
solutions in a 1:2 (v/v) ratio) to produce white cellulose. Then, cellulose was diluted using distilled water 
to a concentration of 2 % and was suspended using a blender for 5 min. Ultrasonication at an amplitude of 
80 % for 30 min was used to produce a homogeneous cellulose suspension. The isolated cellulose was 
reinforced into PVA/alginate matrix for filament production.  
 

Preparation of the spinning dopes 
The basis of the sample for the preparation of the spinning dope is 4 g of dry matter consisting of a 

mixture of cellulose, PVA, and alginate, dissolved in 100 g of distilled water. The formulation of the 
spinning dope was as follows: PVA and alginate (1:1) and cellulose (0, 5, 10 and 15 wt%). Alginate was 
added to the cellulose in distilled water and stirred at 1400 rpm until homogeneous. Afterward, PVA was 
added to the mixture and stirred at 90 °C and 1,500 rpm for 40 min. Homogenous suspensions were 
degassed by stirring at a low speed of 200 rpm for 5 min to remove the air bubbles produced. Filaments 
with the addition of cellulose 0, 5, 10 and 15 % were coded as C0, C5, C10 and C15, respectively. 

 
Wet spinning process 
The prepared dopes were then wet spun using a 10 mL syringe pump into 5 and 13 % CaCl2 

coagulation baths. The spinning rate was set at 0.33 mL/s. The filaments were coagulated for 10 min, 
followed by washing in distilled water, then were dried at 55 °C for 30 min. Filaments dipped in 5 and 13 
% CaCl2 were coded K5 and K13, respectively. 
 

Characterizations 
The morphology of filaments was analyzed by scanning electron microscope (SEM) EDX EVO 

MA10, operating at 20.0 kV. The sample was put on the grid and coated with platinum (Pt) before 
analysis.  

The thermal stability of cellulose/PVA/alginate-based filaments was observed by thermogravimetric 
analysis (TGA). The TGA thermograms of all samples were recorded using Perkin Elmer TGA4000 at 25 
to 500 °C, under a nitrogen atmosphere (20.0 mL/min flow rate).  

An X-ray diffractometer (XRD) analysis was conducted to identify the crystallinity index of all 
samples. The samples were cut into 1 - 2 mm long and placed on the holder. The samples were observed 
using Shimadzu XRD7000 at a voltage of 40.0 kV and a current of 30 mA. The diffraction patterns were 
scanned at 2θ = 10° to 80°. The crystallinity of samples can be found by dividing the area under the 
crystalline diffraction peaks by the curve’s total area. 

Mechanical characteristics (including tensile strength and elongation at break) of 
cellulose/PVA/alginate-based filaments were analyzed by tensile test using Instron 3369 series at room 
temperature. A single filament was cut into 50 mm long and pre-conditioned for 1 day at room 
temperature before analysis. The analysis was carried out at a crosshead speed of 5 mm/min for 3 
repetitions. The value of tensile strength and elongation at break were determined with following formula 
(ASTM D2256-80): 
 

Tensile strength (kgf/mm2) = 𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑓𝑜𝑟𝑐𝑒 𝑎𝑡 𝑏𝑟𝑒𝑎𝑘 (𝑘𝑔𝑓)
𝐶𝑟𝑜𝑠𝑠 𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑎𝑟𝑒𝑎 (𝑚𝑚2)                 (1) 

 

Elongation at break (%) = 𝑙𝑒𝑛𝑔𝑡ℎ 𝑒𝑥𝑡𝑒𝑛𝑑𝑒𝑑 𝑎𝑡 𝑏𝑟𝑒𝑎𝑘𝑖𝑛𝑔 𝑝𝑜𝑖𝑛𝑡 − 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ
𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ  ×100    (2) 
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Results and discussion 

Morphology of cellulose and cellulose/PVA/alginate-based filaments 
The diameter of filaments was 550 ± 71.27 µm. The surface morphology and the real image of 

cellulose/PVA/alginate-based filaments are presented in Figures 1 and 2, respectively. The figures 
showed that a “mirror” like surface was observed in the filaments with no cellulose addition. Meanwhile, 
the filaments’ surface became rougher and crinkled following the increase of cellulose concentration. The 
condition might be due to the formation of the filaments’ entangled network after incorporating cellulose 
[18]. However, it was found that the 2 different concentrations of CaCl2 were similar (Figures 1(a) and 
1(e)). Li et al. reported that the distribution of calcium elements throughout the matrix was not affected 
by the concentration of CaCl2 in the crosslinking bath. This might be because Ca2+ is much smaller in size 
than large polymer molecules and can diffuse into the alginate matrix during crosslinking time [19]. 
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Figure 1 SEM images of cellulose/PVA/alginate filaments’ surface with magnification of 1,000× (left) 
and 100× (right): (a) C0K5, (b) C5K5, (c) C10K5, (d) C15K5, (e) C0K13, (f) C5K13, (g) C10K13 and (h) 
C15K13. 
 
 

 
Figure 2 Cellulose/PVA/alginate filament obtained from wet spinning process. 
 
 

Crystallinity 
The XRD diffractograms of cellulose/PVA/alginate-based filaments are illustrated in Figure 3. 

Cellulose had 3 characteristic diffraction peaks, which were detected in 2θ = 15.2°, 16.5° and 22.8°, 
indicating the characteristic peaks of cellulose type I [20]. PVA exhibited a high-intensity peak at 2θ = 
19.5°, which indicated the semi-crystalline structure of PVA due to the high hydrogen bonding of its 
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hydroxyl groups [21]. Another small peak was also detected at 2θ = 41°. Wang et al. [22] stated that 
alginate exhibited 2 crystalline peaks at 2θ = 13.7° and 23.0°. 

The characteristic peaks of cellulose at 2θ = 22.7° and PVA at 2θ = 19.6° were detected in the XRD 
patterns of filaments. The intensity of the characteristic peak of cellulose at 2θ = 22.7° was increased 
following the increasing cellulose concentration and  the filaments’ crystallinity index (Table 2). This 
effect was most likely due to strong hydrogen bonds forming between the cellulose and the PVA/alginate 
matrix, facilitating crystallization of cellulose/PVA/alginate composite [23,24]. 
 

 
Figure 3 XRD diffractograms of cellulose/PVA/alginate based filaments in (a) 5 % of CaCl2 and (b) 13 
% of CaCl2 solutions. 
 
 

CaCl2 concentrations also influenced the filaments’ crystallinity index. It was found that the 
increase of CaCl2 concentrations led to the increasing filaments’ crystallinity (Table 2). The interaction 
between sodium alginate and calcium chloride increased the crystallinity of sodium alginate. Crystallinity 
increased when the content of Ca+ ions increased [25]. 
 
 
Table 2 The crystallinity index of cellulose/PVA/alginate-based filaments. 

Sample The crystallinity index (%) 
K5 K13 

C0 24.0 ± 1.2 24.3 ± 1.5 
C5 33.7 ± 0.9 38.5 ± 1.1 

C10 35.3 ± 1.1 39.2 ± 1.3 
C15 46.6 ± 1.4 50.3 ± 1.2 

Notes:  K5 and K13 are the spun samples using a 10 mL syringe pump into 5 and 13 % of CaCl2 
coagulation baths, respectively.  C0, C5, C10 and C15 denote the sample with the concentration of 
cellulose 0, 5, 10 and 15 %, respectively. 
 
 

Thermal properties 
Figure 4 shows TGA and its first derivatives (DTG) curves of filaments. As seen from the figures, 

all samples exhibited 3 stages of weight loss. At below 200 °C (X), the weight loss mainly occurred due 
to water loss caused by evaporation and partial glycosidic bond destruction. Then, 2nd weight loss 
occurred at 200 - 400 °C (Y), principally related to the further destruction of the glycosidic bond through 
dehydration reactions and led to intermediate products’ formation. The last stage of weight loss occurred 
at 400 - 500 °C, which corresponded to the oxidation of formerly intermediate carbonaceous matter 
[26,27]. 
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Figure 4 Thermal properties of cellulose/PVA/alginate based filaments: (a and b) TGA and (c and d) 
DTG curves of filaments in (a and c) 5 % of CaCl2 and (b and d) 13 % of CaCl2 solutions. 
 
 

After that, the increase of cellulose and CaCl2 concentrations increased char residue at 500 °C 
(Table 3) and increased the filament’s thermal stability. The increasing cellulose concentrations resulted 
in the solid hydrogen bonding of cellulose and PVA/alginate matrix. However, cellulose up to 15 % in 
C15K5 filament resulted in the decrement of char residues. It might happen because the cellulose was 
agglomerated and not well dispersed; thus, only a few sides of cellulose fibers were entangled with the 
matrix [28].  
 
 
Table 3 Char residue of cellulose/PVA/alginate-based filaments at 500 °C. 

Sample Char residue at 500 °C 
(%) Tmax 

Weight lost at Tmax 
(%) 

C0K5 29.1 330.21 54.19 
C5K5 30.0 329.73 53.83 

C10K5 32.3 297.12 65.25 
C15K5 30.5 323.14 57.50 
C0K13 33.9 261.72 68.41 
C5K13 30.6 265.63 72.63 

C10K13 33.3 261.56 70.87 
C15K13 35.8 250.92 69.16 

Notes: K5 and K13 are the spun samples using a 10 mL syringe pump into 5 and 13 % of CaCl2 
coagulation baths, respectively.  C0, C5, C10 and C15 denote the sample with the concentration of 
cellulose 0, 5, 10 and 15 %, respectively. 
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Besides, CaCl2 is known as an inorganic compound that is associated with higher ash content. Thus, 
the increase of CaCl2 concentrations resulted in the increase of char residues at 500 °C. The higher Ca2+ 
ions allowed increasing the total of alginate strands and build thicker “egg-box” junctions, which resulted 
in a more robust network and excellent thermal stability [29]. However, when CaCl2 concentration 
increased up to 13 %, the C0 filament had higher char residue than the C5 filament. This condition might 
be caused by a more saturated CaCl2 solution that led to the deposition of CaCl2 compounds in the 
filament. 
  

Mechanical properties 
As seen from Figure 5, the tensile strengths of filaments for both CaCl2 concentrations were 

gradually increased, following the cellulose content. The addition of cellulose improved the mechanical 
properties of filaments due to the formation of the rigid network by hydrogen bonding of cellulose and 
PVA/alginate matrix [26]. 

Meanwhile, the increase of CaCl2 concentration from 5 to 13 % resulted in decreased filaments’ 
tensile strength. According to Cuadros et al. [30], the tensile strength of filaments increased with 
increasing Ca2+ concentration up to a certain point and decreased when it exceeded the point. Based on 
Figure 5(a), the concentration of 5 % CaCl2 is a point of the maximum tensile strength of filaments. It 
might indicate achieving the optimum number and size of binding sites in alginate gels. This decrease 
might occur because the system reversed to dimers’ formation with no association between dimers of 
alginate, which previously had the formation of inter-chain associations. 

 
 

 
Figure 5 Mechanical properties of cellulose/PVA/alginate based filaments: (a) Tensile strength and (b) 
Elongation at break. 

 
 
Furthermore, Ca2+ cations will only partially fill the G-blocks. For that reason, the crystallinity and 

thermal stability increase at a higher concentration of CaCl2 [31]. Mao et al. [4] studied the effect of 
coagulant concentrations on the properties of regenerated cellulose filaments. They stated that decrease of 
filaments’ tensile strength in the higher coagulant concentration might happen because the coagulation 
process was too fast, thus caused severe condensing and frail [4]. This condition could answer to the 
decrement of tensile strength in 13 % of CaCl2. It also found that the formation of strong hydrogen 
bonding is due to the increasing cellulose concentration, which made the filaments stiffer and 
decremented the filaments’ elongation at break (Figure 5(b)). Besides, PVA is a polymer with flexibility, 
so at higher PVA concentration, the filaments were more elastic and had higher elongation at break value 
[32]. 
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Conclusions 

Cellulose was successfully isolated from OPEFBs and reinforced into PVA/alginate matrix. 
Homogenous suspensions of cellulose, PVA, and alginate were also successfully wet spun into filaments. 
SEM analysis showed that cellulose’s addition caused the filaments’ surface to become rougher, which 
indicated the dispersion of cellulose in the PVA/alginate matrix. Tensile test, XRD and TGA analysis 
show that cellulose concentration improved tensile strength, crystallinity index, and filaments’ thermal 
stability. These might be due to the strong hydrogen bonding of cellulose and PVA/alginate matrix, which 
led to a tight network formation.  

It also found that the increasing of CaCl2 concentrations led to the increasing of the filaments’ 
crystallinity index and thermal stability. It might be caused by Ca2+ cations, which partially filled the G-
blocks, so thicker “egg-box” junctions were formed and affected a high crystallinity index and excellent 
thermal stability. The increasing of Ca2+ cations induced junction points in the polymer network and tight 
crystalline structure. CaCl2 as an inorganic compound also played a role in increasing char residues that 
were observed at 500 °C. However, the CaCl2 concentration from 5 to 13 % resulted in the decrement of 
the filaments’ tensile strength because it exceeded its saturation point. 
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