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Abstract— This study examined how the extrusion 

process, which is affected by different thermal settings, and 

the raw material sources, composed of various polypropylene 

(PP) and polyethylene (PE) blends with or without calcium 

carbonate (CaCO3) additives, influence the quality and 

mechanical properties, such as tensile strength, elongation, 

and stiffness, of composite ropes for fishing net production. 

A comparative analysis of extrusion process parameters was 

conducted among four distinct extruders from the 

Promatech, Miyachi, Sima, and Ichikawa companies with a 

focus on their thermal settings, characterized by varying the 

temperature profiles. The investigation was extended to the 

utilization of PP derived from different sources and granule 

compositions, including formulations with CaCO3 additives. 

In terms of breaking force, the samples with CaCO3 showed 

an average increase of 5.2% when compared to those without 

CaCO3. With the addition of CaCO3, the elongation at break 

increased by an average of 8.7%. The addition of CaCO3, 

surprisingly, resulted in a slight decrease in stiffness, 

averaging a decrease of 2.1% when compared to the samples 

without CaCO3. Most significantly, the addition of CaCO3 

resulted in a significant decrease in Young's modulus, with 

an average reduction of approximately 66.4% compared to 

the samples without CaCO3. This study reveals substantial 

differences in rope mechanical quality due to variations in 

raw materials and extrusion parameters, emphasizing the 

need for adapting the manufacturing process to consistently 

produce high-quality composite ropes for knitting fishing 

nets. 

Keywords—Polypropylene; polyethylene; calcium 

carbonate additives; extrusion process parameters; composite 

ropes. 

I. INTRODUCTION 

Polymers have many applications in various industries, 
such as textiles [1], [2], packaging [3], automotive [4], 
aerospace [5], biomedical [6]–[9], and electronics [8], [10]. 
Some of the common properties of polymers are elasticity 
[11], [12], toughness, thermal stability, electrical 
conductivity, optical transparency, and biocompatibility 
[13], [14]. Composites are a type of materials that consists 
of a matrix material and reinforcing fibers [15]. Composite 
ropes are widely used for fishing net production, as they 
can withstand harsh marine environments and reduce the 
risk of ghost fishing [16]. Previous research indicates that 
approximately 2.5% of all fishing equipment is lost 
annually, encompassing over 78,000 km² of nets, more than 
25 million pots and traps, and 740,000 km of longlines. The 
degradation of oceanic plastic debris, including discarded 
fishing gear, has significant implications for the health of 
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marine organisms and ecosystems. Marine plastics are 
hypothesized to serve as vectors for invasive species and 
pathogens across oceanic environments [17]. Among 
marine plastic debris, abandoned fishing nets, lines, and 
ropes are considered the most lethal forms, as they 
frequently result in the entanglement and subsequent 
mortality of various aquatic mammals, seabirds, and turtles 
[18].  

The design and material choice of aquaculture nets can 
have a big impact on the industry's profitability, 
productivity, and environmental sustainability [19], [20]. 
The quality of these ropes is influenced by various factors, 
including the extrusion parameters during the 
manufacturing process and the characteristics of the raw 
materials used [21]. Among the different materials used for 
aquaculture nets, polypropylene (PP) and polyethylene 
(PE) are the most common and widely used synthetic 
polymers [22]. In terms of durability, strength, flexibility, 
buoyancy, UV resistance, and corrosion resistance, PP and 
PE outperform other materials such as nylon. PP and PE 
are also relatively inexpensive and simple to manufacture, 
making them suitable for aquaculture [23]. In particular, 
the choice of polypropylene (PP) as the primary material 
for composite ropes [24], as well as the potential inclusion 
of calcium carbonate (CaCO3) additives, plays a significant 
role in determining composite ropes' mechanical properties 
and performance [25], [26].  

CaCO3 is specifically added to the granules with the 
objective of reducing stiffness and ensuring that the final 
ropes are flexible. This consideration holds particular 
significance in the context of weaving fishing nets, where 
flexibility is paramount, and rigid ropes present challenges 
during the fabrication process (fragile and high volume) 
[27]. By navigating the intricacies of variations in raw 
materials and CaCO3 modifications, this study aimed to 
unravel the nuanced impact of these choices on the 
mechanical properties and suitability of composite ropes 
for specific applications.  

Extrusion parameters, such as temperature settings, 
impact the structural integrity and flexibility of composite 
ropes. Different extrusion machines exhibit varying 
thermal profiles, which may result in variations in rope 
quality [28]. In this study, four different companies’ 
extruders, Promatech, Miyachi, Sima, and Ichikawa, were 
compared in terms of their thermal settings.  

Problem description: Comparative research has been 
conducted on the mechanical properties of composite ropes 
for fishing net production, particularly regarding the impact 
of extrusion process parameters and raw material 
variations. Previous studies have often focused on isolated 
factors, neglecting the complex interplay between 
extrusion conditions, polymer blends, and additives like 
CaCO₃. Moreover, the relationship between surface 
morphology and mechanical properties in these specialized 
composites remains poorly understood. This study aims to 
address these knowledge gaps by conducting a 
comprehensive analysis of the effects of diverse extrusion 
parameters and raw material compositions on the 

mechanical and surface properties of composite polymer 
ropes. 

Despite theoretical expectations of a uniform rope 
quality, the existing empirical evidence suggests that 
differences in raw materials (polymers) and extrusion 
parameters lead to variations in rope thickness, bulk 
volume, and stiffness [29]. Currently, there is no 
standardized assessment on how raw materials and 
extrusion parameters may affect rope quality, which 
suggests that the manufacturing process can impact the 
quality of composite polymer ropes for knitting fishing nets 
in various ways. There are some standardized assessments 
for rope quality, such as ISO 9554:20191 [30], which 
specifies the general characteristics of fiber ropes and their 
constituent materials. Therefore, it is important to 
understand how the process parameters influence the 
quality of composite polymer ropes and ensure their 
consistency.  

Limited comparative research has been conducted on 
the mechanical properties of composite ropes for fishing 
net production, particularly regarding the impact of 
extrusion process parameters and raw material variations. 
Previous studies have often focused on isolated factors, 
neglecting the complex interplay between extrusion 
conditions, polymer blends, and additives like CaCO₃. 
Moreover, the relationship between surface morphology 
and mechanical properties in these specialized composites 
remains poorly understood. This study aims to address 
these knowledge gaps by conducting a comprehensive 
analysis of the effects of diverse extrusion parameters and 
raw material compositions on the mechanical and surface 
properties of composite polymer ropes. 

This study presents a comparative analysis of ten 
types of composite polymer ropes (with the same 
combination of polymer structures, as well as a variation of 
calcium carbonate), showing how the process parameters 
affect the quality of composite polymer ropes and how to 
adjust the manufacturing process to consistently produce 
high-quality composite ropes for knitting fishing nets. 
Understanding the intricate relationship between extrusion 
parameters and composite polymer raw materials is crucial 
in achieving the desired rope characteristics (physical and 
mechanical) and, ultimately, enhancing fishing net 
production. 

II. MATERIALS AND METHODS 

A. Extruder Specifications and Thermal Settings 

In this study, four distinct extruders, manufactured by 
different companies with the trade names Promatech, 
Miyachi, Sima, and Ichikawa (Table 1), were utilized to 
produce identical types of composite polymer ropes. Each 
extruder was characterized by specific thermal settings 
tailored to optimize both productivity and the quality of 
the resulting ropes. The thermal parameters for each 
extruder were meticulously controlled and varied.  
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TABLE 1 EXTRUDER SPECIFICATIONS 

Extruder 
Countr

y 

Screw 

Area 

Temper

ature 

(°C) 

Outlet 

Temper

ature 

(°C) 

Bath 

Temper

ature 

(°C) 

Oven 

Temper

ature 

(°C) 

Promatech Italy 215-240 210 110 130 

Miyachi Japan 200-215 190 100 140 

Sima Italy 215-240 200 110 130 

Ichikawa Japan 205-220 205 110 140 

 

B. Raw Material Selection and Utilization 

The choice of raw materials influences the composition 
and characteristics of composite polymer ropes. The 
selection of distinct raw materials added complexity to the 
study, as variations in material properties could contribute 
to differences in the resulting composite ropes. This study 
strategically employed a diverse range of raw materials, 
consisting of polypropylene (PP) and polyethylene (PE). 
The PP was sourced from various companies, and included 
Capilene®, ©Rompetrol, Mosten® TB002, and Hyosung 
Topilene F501, each with distinct granules. Polyethylene 
(PE) granules were exclusively sourced from Orlen 
Unipetrol RPA (Czech Republic) Company (trademark: 
PE-HD Liten® TB 49-060) contributing to a standardized 
granule composition adopted across all ten manufactured 
ropes. 

As described in the aforementioned references, adding 
CaCO3 of different shapes and concentrations to 
polypropylene composites has been shown to enhance 
their mechanical properties. For instance, adding 10 wt% 
of homopolymer polypropylene (PP) with spherical 
CaCO3 increased tensile and flexural strengths by 14.5% 
and 11.8%, respectively. Needle-like CaCO3, at a 30 wt% 
concentration, resulted in a 20.6% increase in tensile 
strength and a 25.8% increase in flexural strength. 
Additionally, lower concentrations of CaCO3, such as 5 
wt%, demonstrated tensile and flexural strength 
enhancements of 12.7% and 8.9%, respectively. These 
variations highlight the importance of optimizing CaCO3 
content and shape to achieve specific mechanical 
performance targets in polypropylene composites. [31]–
[34]. The masterbatch (granules) were composed of 70% 
polypropylene (PP) and 30% polyethylene (PE), with 
variations introduced in the 6th, 7th, 9th, and 10th samples 
through the addition of 5% and 10% CaCO3, respectively 
(Table 2). The physical, mechanical, and thermal 
characteristics of the composite polymers utilized in this 
study are shown in Table 2. 

The granule composition, a critical determinant of the 
mechanical and structural attributes, adhered to a 
consistent formulation—polypropylene (PP) (CAS 
Registry Number® 9003-07-0; molecular formula 
(C3H6)x; melting point 158-170 °C; density 0.92 g/cm³) 
and polyethylene (PE) (CAS Registry Number® 9002-88-
4; chemical formula: (C₂H₄)ₙ; flash point: 270 °C; density: 
0.962 g/mL at 25 °C; melting point: 92 °C)—except for 
samples 6, 7, and 10. This deliberate blend sought to 
capture the synergistic effects of both polymers on the 

final properties of the composite polymer ropes. PP and 
PE were obtained from Sigma-Aldrich chemicals (Merck 
KGaA, Darmstadt, (64287) Germany). 

CaCO3 (calcium carbonate 99.95 Suprapur®, CAS 
471-34-1, was obtained from Sigma-Aldrich chemicals 
(Merck KGaA, Darmstadt, (64287) Germany).  

TABLE 2 COMPOSITION OF PP AND PE WITH/WITHOUT CACO3 ON 

EXTRUDER TYPE 

 

No 

 

Type of 

extruder 

 

Polypropylene (PP) 

and concentration (%) 

 

Polyethylene (PE) 

and concentration 

(%) 

 

Ca 

CO3 

(%) 

1 

Promatech 

extruder, 
Promatech 

Technologies, 

Crespellano—
Bologna, Italy 

PP Capilene® E 50 E, 

Polypropylene 

Homopolymer, Carmel 
Olefins Ltd (Israel) 

70% 

PE-HD Liten® TB 

49-060 Orlen 

Unipetrol RPA, 
(Czech Republic) 

30% 

 

 
- 

2 

Promatech 

extruder, 
Promatech 

Technologies, 

Crespellano—
Bologna, Italy 

PP SS-05:F401 

©Rompetrol Refining 

SA, (Romania) 
70% 

 

PE-HD Liten® TB 

49-060 Orlen 

Unipetrol RPA, 
(Czech Republic) 

30% 

 

 
- 

3 

Promatech 

extruder, 

Promatech 
Technologies, 

Crespellano—

Bologna, Italy 

PP Mosten® TB002, 

Unipetrol RPA, (Czech 
Republic) 

70% 

PE-HD Liten® TB 
49-060 Orlen 

Unipetrol RPA, 

(Czech Republic) 
30% 

 

 

- 

4 

Miyachi 

extruder, 

Miyachi Iron 
Works, Ltd, 

Japan 

PP Hyosung Topilene 

F501 (China) 
70% 

PE-HD Liten® TB 

49-060 Orlen 

Unipetrol RPA, 
(Czech Republic) 

30% 

 

 
- 

5 

Sima extruder, 
Sima 

Headquarters, 

S.R.L., (MO) 
Italy 

PP Mosten® TB002, 

Unipetrol RPA, (Czech 
Republic) 

70% 

PE-HD Liten® TB 
49-060 Orlen 

Unipetrol RPA, 

(Czech Republic) 
30% 

 

 

- 

6 

Ichikawa 

extruder, 

Ichikawa Iron 
Works Co. Ltd, 

Japan 

PP Capilene® E 50 E, 

Polypropylene 

Homopolymer, Carmel 
Olefins Ltd (Israel) 

66.5% 

PE-HD Liten® TB 

49-060 Orlen 

Unipetrol RPA, 
(Czech Republic) 

28.5% 

 

 
5% 

7 

Ichikawa 
extruder, 

Ichikawa Iron 

Works Co. Ltd, 
Japan 

PP Capilene® E 50 E, 
Polypropylene 

Homopolymer, Carmel 

Olefins Ltd (Israel) 
63% 

PE-HD Liten® TB 
49-060 Orlen 

Unipetrol RPA, 

(Czech Republic) 
27% 

 

 

10% 

8 

Ichikawa 

extruder, 

Ichikawa Iron 
Works Co. Ltd, 

Japan 

PP Capilene® E 50 E, 

Polypropylene 

Homopolymer, Carmel 
Olefins Ltd (Israel) 

70% 

PE-HD Liten® TB 

49-060 Orlen 

Unipetrol RPA, 
(Czech Republic) 

30% 

 

 
- 

9 

Ichikawa 
extruder, 

Ichikawa Iron 

Works Co. Ltd, 
Japan 

PP Capilene® E 50 E, 
Polypropylene 

Homopolymer, Carmel 

Olefins Ltd (Israel) 
65% 

PE-HD Liten® TB 
49-060 Orlen 

Unipetrol RPA, 

(Czech Republic) 
30% 

 

 

5% 

10 

Ichikawa 

extruder, 
Ichikawa Iron 

Works Co. Ltd, 

Japan 

PP Capilene® E 50 E, 

Polypropylene 
Homopolymer, Carmel 

Olefins Ltd (Israel) 

70% 

PE-HD Liten® TB 

49-060 Orlen 
Unipetrol RPA, 

(Czech Republic) 

25% 

 
 

5% 
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TABLE 3 PHYSICAL, MECHANICAL, AND THERMAL CHARACTERISTICS OF 

POLYMER COMPONENTS 

Polymer 

component 

Capilene

® E 50 E 

(PP) 

SS-05: 

F401 

(PP) 

Mosten® 

TB 002 

(PP) 

Hyosung 

Topilene 

F501 

(PP) 

Liten® 

TB 49-

060 

(PE) 

Melt Flow 

Rate (g/10 

min) 

1.8  2 - 3.5 2 3.0  0.6 

Density 

(g/cm3) 
0.905  

0.905 - 

0.917 
0.902 0.90 0.949 

Tensile 

Strength 

at Yield 

(MPa) 

32 Min. 30  28 35.3 24 

Flexural 

Modulus 

(MPa) 

1400 Min. 900 1700 1570 1200 

Izod 

Impact 

Strength 

(kJ/m2) 

4 Min. 2 6.5 3.9 7 

Vicat 

Softening 

Temperat

ure (°C) 

154 Min. 150 155 105 125 

Heat 

deflection 

Temperat

ure (°C) 

96 Min. 45 55 150 80 

 

C. Specimen Description 

The commercially available ropes utilized in this study 
were manufactured using low-power, single-type 
extruders. Specifically, a one-screw extruders PP&PE 
FDY - 40 Tex, featuring 2 positions x 10 ends and a 
production capacity of up to 500 kg/hour, were employed. 
This equipment is operational at the SIA "MAGISTR" (24 
Raina street, LV-5401, Daugavpils, Latvia) enterprise. 
The selection of this particular manufacturing process and 
supplier ensures consistency in the rope samples and 
aligns with industry standards for rope production (EN 
ISO 10572). Fig. 1 illustrates the comprehensive 
methodological process, beginning with rope material 
selection and culminating in comparative analysis (EN 
ISO 2062). This flowchart delineates the sequential steps 
of the procedure, providing a visual representation of the 
study's systematic approach. 

 

Fig. 1. Flowchart depicting the methodological sequence from 
initial rope selection to final comparative analysis. 

The length of the specimens was measured using a 
Mitutoyo Strait-Line Tape Measure (Japan), which has a 
range of 0 – 3 m and two scales, one in metric and one in 

imperial units. The tape measure has a double coating at 
the end of the blade, a dual-sided hook, and a finger brake 
to control the retraction speed. The verification number is 
G366V22, 15.06.2023. The thickness of the specimens 
was determined using a Mitutoyo QuantuMike IP65 
Digital Micrometer (Japan), which has a discreteness of 
0.001 mm and a computer personal calibration at start-up. 
The digital micrometer has a coarser spindle thread that 
feeds the spindle by 2 mm per thimble revolution, a 
carbide measuring face, and a waterproof design. The 
mass of the specimens was determined using KERN PCB 
M Laboratory Scales (Germany), which have an accuracy 
class of II high, a maximum capacity of 200 g, and a 
discreteness of 0.01 g. The laboratory scales have a large 
LCD display, a stainless-steel weighing plate, and a shock-
proof plastic housing. The calibration certificate number is 
M0901K22, 15.06.2023. The prepared specimens are 
shown in Fig. 2 in different shapes, such as circular and 
rectangular, and their parameters are summarized in Table 
4. Figure 2(a) depicts the shape of samples 1–7 with a 
circular cross-section, whereas Fig2(b) depicts samples 8–
10 with a rectangular cross-section. 

 
(a) 

 
(b) 

Figure 2. (a) Circular composite polymer rope and (b) 
rectangular composite polymer rope. 

 

TABLE 4 SPECIMEN PARAMETERS 

No. 
Average 

Mass (g) 

Initial 

Length 

(mm) 

Average 

Thickness 

(mm) 

Average 

Height 

(mm) 

Average 

Diameter 

(mm) 

1 0.1 100 - - 0.416 

2 0.103 100 - - 0.432 

3 0.110 100 - - 0.443 

4 0.1 100 - - 0.420 

5 0.11 100 - - 0.405 

6 0.105 100 - - 0.407 

7 0.1 100 - - 0.401 

Commercially available ropes 
(circular and rectangular) w/wo 
CaCO3

Mechanical testing and surface 
morphology 

Data analysis and comparision

L 

D1 

D2 

D3 

L 

H 

T1 

T2 

T3 
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8 0.031 100 0.353 1.241 - 

9 0.034 100 0.430 1.240 - 

10 0.032 100 0.294 1.221 - 

 

D. Mechanical Testing: Breaking force and 

elongation at maximum breaking force 

The samples were kept under normal conditions for 24 
hours in a controlled environment according to the 
standard temperature, relative humidity, and pressure 
specified by ISO 139:19732. The breaking force and 
elongation at break of individual composite polymer rope 
specimens were measured using ISO 5079:2020. The 
physical and mechanical properties of the fiber ropes were 
measured using ISO 2307:2010. The process parameters 
for the standard atmospheres for conditioning and testing 
are shown in Table 5. 

TABLE 5 PROCESS PARAMETERS FOR STANDARD ATMOSPHERES FOR 

CONDITIONING AND TESTING 

Parameter Value Unit 

Temperature 25±10; (21) °C 

Relative humidity 
45-80; (W (% 

RM)) = 60 
% 

Atmospheric pressure 84.0-106.7; (760) 
kPa (mm 

Hg) 

Clamping length 10 cm 

Clamping area 5 cm 

Pre-load 5 H 

Elongation speed 5 mm/s 

E. Stiffness and Young's Modulus 

The Young’s modulus E (Pa) of the specimens was 
calculated using the following equation [35]:  

 
𝐸 =

𝐹𝐿

𝐴Δ𝐿
 

… (1) 

where F is the breaking force (N), L is the initial length 
(mm), A is the cross-sectional area (mm²), and ΔL is the 
elongation at maximum breaking force (mm). Young’s 
modulus (E) is the material’s stiffness and it measures the 
resistance to deformation under tensile stress [36]. 

The stiffness modulus k (N/m) of the specimens was 
calculated by multiplying the Young’s modulus (E) by the 
cross-sectional area (A) and dividing by the initial sample 
length (L), as follows [35]:  

 𝑘 = 𝐸𝐴/𝐿 … (2) 

The stiffness modulus k is the ratio of the applied force 
to the displacement caused by it along the same axis.  

F. Study of the Samples’ Surface Morphology 

An Olympus LEXT OLS5000 3D Measuring Laser 
Microscope (Japan) was used to obtain surface images and 
3D relief of the samples, and to measure their roughness. 
For this study, smooth areas on the sample surface without 
initial (113-1125 times magnification) visible defects—
pores, cracks, or grooves—were selected at a magnification 
of 2255 times. This microscope allows us to obtain surface 
optical images and 3D models at 113, 227, 451, 1125, and 
2255 times magnification for measuring the dimensions of 
the surface elements, and determining the surface 
roughness Sa (arithmetical mean height) (µm), Sz 

(maximum height) (µm), and Sq (root mean square height) 
(µm). 

III. RESULTS AND DISCUSSION 

A. Breaking force and elongation 

The results shown in Table 6 indicate that the 
composite polymer ropes have different mechanical 
properties depending on the type. The highest average 
breaking force was observed for sample 3 (154.85 N), 
followed by sample 6 (149.11 N) and sample 5 (147.30 N). 
The lowest average breaking force was observed for 
sample 1 (73.04 N), followed by sample 4 (116.50 N) and 
sample 2 (122.12 N). The highest elongation at maximum 
breaking force was observed for sample 6 (13.28 mm), 
followed by sample 5 (12.76 mm) and sample 7 (12.20 
mm). The lowest elongation at maximum breaking force 
was observed for sample 1 (5.51 mm), followed by sample 
9 (9.99 mm) and sample 4 (8.61 mm). A visual 
comparative assessment of the test results of breaking 
force and elongation at maximum breaking force of the ten 
samples in accordance with ISO 5079:2020 is depicted in 
Fig. 3 and 4. 

 

Fig. 3. Comparison graph of the values of breaking force of the ten 
samples 

 

Fig. 4. Comparison graph of the values of elongation at maximum 
breaking force of the ten samples. 

TABLE 6 TEST RESULTS OF BREAKING FORCE AND ELONGATION AT 

MAXIMUM BREAKING FORCE 

No. 

Average 

Breaking Force, 

F (N) 

Average Elongation at Max. 

Breaking Force, Δℓ (mm) 

1 73.04 5.51 

2 122.12 10.38 

3 154.85 11.38 

4 116.50 8.61 

5 147.30 12.76 

6 149.11 13.28 

7 129.50 12.20 
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8 126.14 11.63 

9 133.51         9.99 

10 140.72         11.73 

 

The samples processed through the Promatech and 
Sima extruders (samples 1, 3, 5, and 8) exhibited higher 
breaking forces, indicative of enhanced structural 
integrity. The elevated screw area temperatures and 
medium-to-hard rope hardness contributed to better 
molecular alignment and interfacial adhesion. In contrast, 
the samples processed with the Miyachi and Ichikawa 
extruders (samples 2, 4, 6, 7, 9, and 10) showed lower 
breaking forces, suggesting that lower screw area 
temperatures and softer rope hardness may lead to reduced 
tensile strength. 

The breaking force of 73.05 N observed in sample 1, 
which was the lowest breaking force observed among all 
samples, produced by the Promatech extruder with the 
highest screw area temperature and medium rope 
hardness, aligns with the general trend. The highest 
breaking force of 154.85 N was observed in sample 3, 
which was composed of 30% PE-HD Liten® TB 49-060 
and 70% PP Mosten® TB002. These results can be 
attributed to the specific combination of polymer blend 
composition and extrusion process parameters employed 
by both the Promatech and Sima extruders.  

The CaCO3 filler content also had a significant effect 
on the breaking force and elongation of the ropes. The 
ropes with 5% CaCO3 filler (samples 9 and 10) had 
relatively a lower average elongation (compared to the 
sample 6) but samples 6 and 10 had higher breaking force 
compared to the sample 9. Sample 6, with 5% CaCO3, 
displayed the highest breaking force (149.11 N) among all 
samples (excluding sample 3), emphasizing the positive 
impact of CaCO3 in enhancing the mechanical properties. 
The average breaking force of the ropes with 5% CaCO3 
increased by 14.42 % (compared to the ropes without 
CaCO3). The average elongation at break of the ropes with 
5% CaCO3 increased by 16.18% compared to the ropes 
without CaCO3. This shows that the CaCO3 filler enhanced 
the strength and stiffness of the ropes by acting as a 
reinforcing agent.  

The rope with a higher 10% CaCO3 filler content 
(sample 7) had on 1.34 time average elongation higher 
(than samples 9 and 10) but on 11.61 time lower breaking 
force than the ropes with a lower 5% CaCO3 filler content 
(samples 6, 9 and 10). This shows that the 10% CaCO3 
filler (compared to 5% CaCO3) reduced the strength and 
stiffness of the ropes by acting as a diluent, lowering the 
polymer content, as well as the interfacial adhesion and 
molecular orientation of the polymer chains, thereby 
leading to more flexible and weaker ropes. 

B. Stiffness and Young's modulus 

Table 7 represents the stiffness and Young's modulus 
results obtained from mechanical testing, where among all 
the results, the two best and the two lowest, close in value, 
were distinguished. The samples with the highest stiffness 
were observed for: sample 3 (137.39*102 N/m) and sample 
4 (135.67*102 N/m), while the lowest stiffness were 

noted: for sample 7 (106.12*102 N/m) and sample 8 
(108.46*102 N/m). Similarly, the highest Young’s 
modulus were observed for: sample 1 (9.8 GPa) and 
sample 4 (9.725 GPa), and the lowest Young’s modulus 
were observed for: sample 8 (2.478 GPa) and sample 9 
(2.499 GPa). A visual comparative assessment of the 
calculative results of stiffness and Young's modulus in the 
ten samples in accordance with ISO 2307:2010 is depicted 
in Fig. 5 and 6. 

 

 

Fig. 5. Comparison graph of the stiffness values of the ten samples. 

 

 

Fig. 6. Comparison graph of Young's modulus values of the ten 
samples. 

TABLE 7. RESULTS OF STIFFNESS AND YOUNG'S MODULUS 

No. 
Stiffness, k 

(N/m) 

Young's modulus, 

E (GPa) 

1 133.36*102 9.8 

2 116.89*102 7.98  

3 137.39*102 8.94  

4 135.67*102 9.725  

5 114.11*102 8.91 

6 112.24*102 8.62 

7 106.12*102 8.369 

8 108.46*102 2.478 

9 133.59*102 2.499 

10 119.96*102 3.335 

 

The Promatech extruder, with a higher screw area 
temperature and medium rope hardness, resulted in sample 
1 having the highest stiffness (133.36*102 N/m) and 
Young's modulus (9.8 GPa). The elevated temperatures 
likely facilitated better molecular alignment, leading to 
increased stiffness. This aligns with the general 
understanding that higher processing temperatures 
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contribute to a more ordered polymer structure [33], 
resulting in higher stiffness and Young's modulus.  

Sample 3, utilizing Mosten® TB002, demonstrated the 
highest stiffness (137.39*102 N/m). The unique properties 
of Mosten® TB002, possibly related to molecular weight 
or chain architecture, contributed to the observed higher 
stiffness. This indicates the significance of raw material 
selection in achieving the adapted mechanical properties 
in polymer composite ropes. 

The samples with higher stiffness and Young’s 
modulus (samples 1, 3, and 4) were produced by the 
Promatech and Sima extruders, had a higher PP content, 
and did not have CaCO3 filler. The samples with lower 
stiffness and Young’s modulus (samples 7, 8, 9, and 10) 
were produced by the Miyachi and Ichikawa extruders, 
had a lower PP content, and had CaCO3 filler. These 
results confirm that higher temperature and hardness of the 
extruders, higher PP content of the blends, and the absence 
of CaCO3 filler enhanced the stiffness and Young’s 
modulus of the ropes, while lower temperature and 
hardness of the extruders, lower PP content of the blends, 
and the presence of CaCO3 filler reduced the stiffness and 
Young’s modulus of the ropes. The obtained result well 
correlated with [37]. 

Samples 6, 7, and 9, containing CaCO3, exhibited 
improved stiffness compared to their counterparts without 
CaCO3. Sample 6, with 5% CaCO3, demonstrated the 
highest stiffness (112.24*102 N/m), indicating that the 
addition of CaCO3 contributed to the composite rope's 
stiffness. The positive impact of CaCO3 on stiffness is in 
line with its role in reducing the overall rigidity of the 
composite rope, making it more flexible for specific 
applications. CaCO3 addition, surprisingly, resulted in a 
modest reduction in stiffness, with CaCO3-containing 
samples showing an average decrease of 2.1% compared 
to those without CaCO3. CaCO3 led to a significant 
reduction in Young's modulus, with the CaCO3-containing 
samples showing an average reduction of approximately 
66.4% compared to samples without CaCO3.  

The breaking force of the Ichikawa extruder-produced 
composite ropes surpassed those observed in prior studies 
by 51.49% to 54.07%, indicating a significant 
improvement in mechanical performance. Comparative 
analysis with prior studies [32], [38], and [39] reveals that 
sample 6 (66.5% PP, 28.5% PE, 5% CaCO3) exhibits a 
54.07% higher breaking force than that reported in a prior 
study [32] (70% PP, 25% PE, 5% CaCO3). This 
improvement is attributed to sample 6's higher PP content 
and lower PE content, enhancing its stiffness, strength, and 
crystallinity, while a lower CaCO3 content reduces 
brittleness and stiffness, and improves ductility and impact 
resistance. Similarly, the elongation at maximum breaking 
force surpasses that observed in prior studies by 51.85% to 
56.32%. Notably, sample 6 displays a 56.32% higher 
elongation compared to study [32], credited to its lower PP 
content and higher PE content, thereby promoting its 
ductility, toughness, and flexibility. Maintaining the same 
CaCO3 content as study [38] minimized the impact on 

composite deformation and strain. In contrast, stiffness 
was 17.04% to 21.88% lower compared with studies [32], 
[38], and [39]. Specifically, sample 9 (65% PP, 30% PE, 
5% CaCO3) exhibited a 21.88% higher stiffness than a 
prior study [38], attributed to its higher PE and lower 
CaCO3 content, improving ductility and flexibility. A 
lower PP content reduced the modulus, strength, and 
crystallinity, enhancing deformation and strain. Also, it 
should be noted, Young's modulus was 9.05% to 12.45% 
lower, with sample 9 displaying a reduction of 12.45% 
compared to study [40]. This is attributed to sample 9's 
higher PE and lower CaCO3 content, reducing stiffness, 
strength, and crystallinity, along with a lower PP content 
further reducing the modulus and improving deformation 
and strain. 

Lastly, at 5 wt% CaCO3, it is well dispersed in the 
matrix. However, at a higher ratio, the CaCO3 particle 
(compared with 10 wt%) tends to gather to form bigger 
clusters; therefore, these clusters could play as defects, 
resulting in lower mechanical properties. The interfacial 
connection and compatibility between PE, PP, and CaCO3 
reinforce the mechanical properties of the plastic. This 
effect could be mostly generated from the formation of β-
form crystalline of PP, caused by the synergistic effect 
between PE and CaCO3 [41], [42]. 

C. Study of the Surface Morphology of the Samples 

Fig. 7 shows the surface structure of the sample 1. 
These are presented under two different magnifications: (a) 
113 times (image area size of 2.57 x 2.57 mkm) and (b) 
2255 times (image area size of 128 x 127 mkm). The red 
squares in (a) show the corresponding location in (b) under 
higher magnification. The colored scale in (b) shows the 
height change in mkm on the viewed surface. The 
measurement of surface roughness was carried out along 
30 points on the sample surface (along the transverse line 
based on the mode indicated in Fig. 7), and the average 
value is shown in Table 8. 

 
(a) 
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(b) 

Fig. 7. Sample 1 under magnification of 113 times (a) and 2255 
times (b). 

 

In samples 1 and 4–10, in the longitudinal direction of 
the fiber, microgrooves can be observed on the surface (in 
samples 1, 6, and 7, there are possibly also microcracks 
because they have an uneven surface), with a width and 
depth of 1–8 µm; in samples 2 and 3, there are practically 
no microgrooves. 

In samples 1–5, in the transverse direction of the fiber, 
there are ridges (ramps) that are 0.5–2.5 µm high (the 
surface of all these ridges is smooth); in samples 6–10, 
there are practically no such ridges. 

The surface roughness was measured in a square size of 
32 x 32 µm located in the center of the analyzed area (128 
x 127 µm) of the sample (Fig. 8). A relatively small area 
(32 x 32 µm) was used because the surface of the samples 
is not flat (it is curved). In this case, only the microstructure 
was studied (the macrostructure with its defects was not 
taken into account). Surface roughness Sa, Sz, and Sq are 
shown in Table 8. 

The surface of sample 3 has the least number of defects 
and one of the smallest roughness values. Perhaps for this 
reason, the breaking force (Table 6) and stiffness (Table 7) 
are the highest for this sample in comparison with the other 
nine samples. 

It is highly important to know and analyze the surface 
morphology of a material, primarily due to the performance 
characteristics of the product (the fishing net).Microscopic 
abrasive particles (sand, corundum, etc.), which are present 
in seawater, can become stuck on surface defects 
(micropores, microgrooves, and microcracks) [43]. During 
operation, they will accelerate the material’s wear process. 
Additionally, seawater is an “aggressive” environment for 
the operation of rope materials due to the seawater 
chemical composition. Six major ions make up > 99% of 
the salts dissolved in seawater: four cations—sodium 
(Na+), magnesium (Mg2+), calcium (Ca2+), and potassium 
(K+)—and two anions—chloride (Cl-) and sulfate (SO4

2-) 
[44]. These six ions and the five next most common ones 
make up the major constituents of seawater and comprise 
99.99% of dissolved materials; they have a chemical effect 
on rope materials and accelerate their aging; this leads to 
the breakdown of the polymer chains (in materials made of 
polymer fiber) [45]. Aging is faster on surface defects. Both 
wear and aging processes reduce the lifespan of fishing 
nets. Therefore, a material with a minimum number of 

surface defects is optimal. In this investigation, it is sample 
number 3. 

In the comparison of surface values, samples 1, 2, 4, 6, 
7, 9, and 10 exhibit moderate surface roughness, indicating 
a textured surface. The variations observed can be 
attributed to differences in extruder types, polymer 
compositions, and the inclusion of CaCO3. In particular, 
sample 8 deviates from the trend with a higher surface 
roughness value of 0.324±0.071 µm (Sa). However, it is 
crucial to note that this result comes with a relative error, 
emphasizing the necessity of considering measurement 
uncertainties during surface roughness assessments. 

 

Fig. 8. Example of roughness measurement (sample no. 8). 

TABLE 8. RESULTS OF SURFACE ROUGHNESS 

No. 

Average 

Roughness 

Sa (µm) 

Average 

Roughness 

Sz (µm) 

Average 

Roughness 

Sq (µm) 

1 0.282 6.273 0.366 

2 0.227 3.228 0.303 

3 0.178 1.104 0.215 

4 0.206 4.081 0.318 

5 0.228 3.180 0.316 

6 0.233 2.592 0.280 

7 0.284 2.997 0.361 

8 0.324 2.042 0.383 

9 0.145 5.905 0.231 

10 0.165 4.555 0.206 

 

The relative errors of each measurement were Sa=22%, 
Sz=20%, and Sq=23%. 

The roughness of the rope material may have a positive 
effect on the adhesion of the fibers in the rope, depending 
on the type of material, the type of extruder, and the type of 
additive [46]. Roughness can increase the surface area and 
the mechanical interlocking of the fibers, which can 
improve the cohesion and strength of the rope [47]. 
However, roughness can also introduce defects and 
irregularities that can reduce the uniformity and quality of 
the rope [48]. Therefore, the optimal roughness of the rope 
material depends on the balance between these factors. 
According to a study conducted at the University of 
Pittsburgh, surface roughness affects the functional 
properties of surfaces, including adhesion [49]. Roughness 
imparts an additional surface area with which an adhesive 
can make contact when forming a bond. Another study 
found that there is a clear dependency between the adhesive 
bond strength and surface roughness [50].  
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Roughness, micropores, and microcracks primarily 
affect the strength characteristics (strength and reliability of 
the sample). 

For the first sample, the average roughness index (Sz) is 
6.273 μm and the number of micropores (in the study area) 
is the highest compared to the other nine samples. 
Therefore, the breaking force (F1=73.04±2 N) is almost two 
times lower than that for the other nine samples. However, 
it is possible the high surface roughness of the filaments (Sa 
= 0.282±14 mkm, Sz = 6.273±13 mkm, and Sq = 0.366±12 
mkm), in combination with the physical and mechanical 
properties of the composite polymer (PP, PE) (Table 2), has 
an impact on the stiffness value of the sample, which shows 
one of the highest values of k1=133.36*102 N/m in 
comparison to samples 2, 5, 6, 7, 8, and 10 (the average 
value of which is kavg=112*102 N/m). At the same time, 
Young's modulus (which determines the properties of the 
material) is also the highest (E1=9.8 GPa) out of the 10 
samples studied. With a slight deviation, the same values 
of Young's modulus are characteristic of samples 2–7 
(Table 5); their values are almost 3.3 times higher than 
those for samples 8–10. 

It is possible that the roughness and strength of a 
material are influenced by its production conditions (the 
technical data for the production of the samples on an 
extruder). For example, with the same combinations of 
composite materials (comparing the first and eighth 
samples) but produced on different types of extruders (first 
sample—Promatech extruder; eighth sample—Ichikawa 
extruder; Table 1), the breaking force for the eighth sample 
is 1.73 times higher than that for the first sample, while the 
roughness (compared using the Sz value) is three times less. 
It can also be noted that using composite raw materials 
from different suppliers (for example, first sample: PP 
Capilene®, PE-HD Liten®; second sample: PP SS-
05:F401, PE-HD Liten®; third sample: PP Mosten® 
TB002, PE-HD Liten® (Table 1)), but with the samples 
produced on the same type of equipment (Promatech 
extruder), results in different values of the breaking force, 
namely, the breaking force increases algebraically 
(F1=73.04±2 N; F2=122.12±2 N; F3=154.85±3 N), and the 
elongation at break Δℓ increases accordingly (Table 4). 
This means that under the same production conditions (on 
the same type of extruder equipment), but using different 
types of raw materials, we obtain different values for the 
physical and mechanical parameters of the samples [32], 
[37], [51]. 

However, when comparing the stiffness and Young's 
modulus for samples 1–3, it can be noted that the stiffness 
of the second sample is significantly lower (k2=116.89*102 
N/m) than the average value for the first and third samples 
(kavg=135.38 *102 N/ m). The same pattern is observed for 
the Young’s modulus values (E2 = 7.98 GPa; for the first 
and third samples: E1 = 9.8 GPa and E3 = 8.94 GPa). 
Furthermore, during the tactile subjective assessment, it 
was noted that the second sample was the hardest to the 
touch compared to the other nine samples. This means that 
the production of the final products (such as fishing nets) 

will be significantly difficult (in the process of knitting 
fibers on textile machines). 

The same pattern (during tactile assessment) was 
observed for the fifth sample (the sample was hard to the 
touch). The values of roughness, stiffness, and Young's 
modulus, when compared with the corresponding values 
for the second and fifth samples, are correlated. However, 
the values of breaking force and elongation at maximum 
breaking force of the fifth sample (F5=147.30±3 N; 
Δℓ5=12.76±0.4 mm) are higher than those for the second 
sample (F2=122.12±2 N; Δℓ2=10.38±0.2 mm) (Table 4). 
Obviously, the quality indicators of the fifth sample are 
influenced by either the type of raw materials (PP Mosten® 
TB002; PE-HD Liten®) or the type of extruder equipment 
selected (technological production conditions) (Sima 
extruder) (Table 1). 

Regarding tactile properties, it can be noted that the 
fourth sample is characterized by high softness compared 
to the other nine samples. Despite this, the fourth sample is 
characterized by high stiffness values (k5=135.67*102 
N/m) and Young’s modulus (E5=9.725 GPa), compared to 
the corresponding values for samples 2, 5, 6, 7, 8, and 10, 
whose average values are kavr=112.96*102 N/m and 
Eavr=6.62 GPa (Table 5). However, the average roughness 
value, which is almost two times higher than that for 
samples 3, 6, 7, and 8, and the presence of microcracks 
affect the breaking force (F4=116.50±1 N) and elongation 
of the sample (Δℓ4=8.61±0.3 mm), whose values are the 
lowest compared to the other samples (3, 5, 6, 7, 8, 9, and 
10). 

The inclusion of CaCO3 in the composition of the 
polymer material (sixth and seventh samples, Table 1) did 
not affect the roughness indicators of the samples, 
compared to the eighth sample (without CaCO3). However, 
the addition of CaCO3 affected the presence of longitudinal 
microcracks in the sixth and seventh samples. This may be 
a consequence of insufficient homogeneity of the polymer 
composite. It should be noted that the addition of CaCO3 to 
the composition of the polymer (sixth sample) sharply 
increased the breaking force F6=149.11±4 N and 
elongation at maximum breaking force Δℓ6=13.28±0.3 
mm, compared with the values of the breaking force and 
elongation at maximum breaking force of the seventh and 
eight samples: F7=129.50±2 N; Δℓ7=12.20±0.2 mm; 
F8=126.14±3 N; Δℓ8=11.63±0.4 mm. However, the 
stiffness values for samples 6, 7, and 8 practically correlate, 
with kavr=108.94*102 N/m, but the value of Young's 
modulus for the eighth sample (without CaCO3) is 3.4 
times lower than for that of the sixth and seventh samples. 
This proves that the presence of CaCO3 in the composite 
increases the breaking force, elongation at maximum 
breaking, stiffness, and elastic modulus, and 5% CaCO3 is 
preferable to 10% CaCO3, it correlates with [31]. 

Adding 5% of CaCO3 to the composition of the 
polymer material in such a way that the percentile amount 
of either PP or PE is changed (ninth and tenth samples, 
Table 1) leads to a significant increase in the sample surface 
roughness (Sz) by almost 2.5 times compared to the 
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roughness values for samples 6, 7, and 8 (samples 6–10 
were produced on the same type of Ichikawa extruder and 
the same types of raw materials were used), which allows 
us to compare the roughness values and physical and 
mechanical characteristics with each other. As shown in the 
analysis of the surface structure of the ninth and tenth 
samples, they are characterized by micropores. This may 
also be the result of insufficient homogenization of the 
polymers, combined with the addition of 5% CaCO3 to the 
composite structure. However, with such a percentage 
combination of PP, PE, and 5% CaCO3 (ninth and tenth 
samples), the values of the breaking force increase 
significantly and amount to F9=133.51±2 N and 
F10=140.72±3 N compared with the values of the breaking 
force for samples 6, 7, and 8. There is also an increase in 
the stiffness of the ninth and tenth samples: k9=133.59*102 
N/m and k10=119.96*102 N/m compared to samples 6–8, 
whose average value is kavr=108.94*102 N/m. At the same 
time, the Young’s modulus, which characterizes the ability 
of a material to resist tension, during the elastic 
deformation of the ninth sample is E9=2.449 GPa; for the 
tenth sample, it increases slightly to E10=3.335 GPa. 

However, the average value of Young's modulus for the 
ninth and tenth samples correlates with the value of 
Young's modulus for the eighth sample (without CaCO3) 
but is three times lower than for the sixth and seventh 
samples (Eavr=8.49 GPa). If we optimize the choice of the 
combination of polymer components in the composite 
based on the breaking force (between the ninth and tenth 
samples), and then with the percentage of components for 
the tenth sample (PP 70%; PE 25%; CaCO3 5%), the 
breaking force is higher than for the ninth sample. 
However, the surface roughness of the ninth and tenth 
samples (when comparing their values with samples 6, 7, 
and 8) is two times higher; this negatively affects the 
performance characteristics of products such as fishing 
nets. 

These findings have significant implications for the 
fishing industry and other sec-tors utilizing composite 
polymer ropes. By optimizing extrusion parameters, 
carefully se-lecting raw materials, and judiciously 
incorporating additives like CaCO₃, manufacturers can 
tailor rope properties to meet specific application 
requirements. This level of custom-ization could lead to 
improved performance, longevity, and sustainability of 
fishing gear and other rope-based products. 

Future research directions may include further 
investigation into the long-term per-formance and 
durability of composite ropes under various environmental 
conditions, the exploration of additional additives or 
surface treatments to enhance specific properties such as 
UV resistance or biodegradability, and the development of 
predictive models to streamline the optimization process 
for new composite rope formulations. 

IV. CONCLUSIONS 

This study demonstrates that the mechanical properties 
of composite polymer ropes result from a complex 
interplay between extrusion process parameters, polymer 

composition, and the inclusion of calcium carbonate 
(CaCO₃).  

The choice of the extruder and its associated parameters 
proved crucial in determining the rope quality. Notably, the 
Promatech and Sima extruders, characterized by higher 
(11.6-17.1%) screw area temperatures and medium-to-hard 
rope hardness, generally produced ropes with superior 
breaking forces. These findings highlight the importance of 
optimizing the processing conditions to achieve the desired 
mechanical properties in composite ropes. 

The incorporation of CaCO₃ yielded positive results in 
terms of flexibility enhancement. The samples containing 
CaCO₃ exhibited an average increase of 14.42% in 
breakingforce compared to those without, indicating a 
reinforcement effect that contributed to increased 
flexibility and energy absorption capacity. However, this 
study also revealed an optimal CaCO₃ content of 5%, 
beyond which mechanical properties may begin to 
deteriorate, suggesting a threshold effect for CaCO₃ 
reinforcement. 

The selection of raw materials emerged as a significant 
factor influencing rope properties. The use of Mosten® 
TB002 in sample 3 resulted in exceptional breaking force 
(154.85 N) and stiffness (137.39*10² N/m), demonstrating 
the potential for tailoring rope properties through the 
careful selection of polymer blends.  

An analysis of the surface morphology revealed a 
correlation between surface defects, roughness, and 
mechanical properties. Sample 3, with the lowest number 
of surface defects and one of the lowest roughness values, 
exhibited the highest breaking force and stiffness 
(137.39*10² N/m) among all samples. This finding 
emphasizes the importance of surface quality in 
determining the overall performance of composite ropes 
and suggests that minimizing surface defects could be a key 
strategy for enhancing rope durability and strength. 

This research elucidated important relationships 
between processing conditions, structural characteristics, 
and the final properties of composite ropes. These 
processing–structure–property relationships provide 
valuable insights for optimizing production processes to 
achieve the desired rope characteristics. 
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