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Abstract: 
This paper aimed to identify and compare the physical and mechanical properties of some cellulose and PET textile fibers. 
Cellulose fibers include four regenerated ones, namely viscose, bamboo, tencel, and modal, and a natural one, i.e., Egyptian 
cotton of type Giza 86. These types of textile fiber were evaluated and compared in terms of their physical and mechanical 
characteristics such as tenacity, breaking elongation, the number of crimps, moisture content and regain and surface 
roughness parameters. One-Way ANOVA was used to assess the differences among these textile fibers at a 0.01 significant 
level. The findings of this study revealed that due to the differences in their manufacturing techniques and growing 
conditions, the textile fibers under study significantly differ in their physical and mechanical properties
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1.  Introduction

As reported by the Textile Institute, textile fibers can 
specifically be defined as textile raw materials having 
fineness, flexibility, high length to thickness ratio, diameters 
falling within the range of around 10 to 50 microns as well as 
lengths that can be more than one centimeter. In order to be 
beneficial, textile fibers should have adequate strength and 
stability [1]. 

There are numerous textile fibers that are used in fabricating 
textile products. They are varied in the physical and chemical 
structure; hence, they differ in their chemical, physical and 
mechanical characteristics. In general, textile fibers can be 
classified into two main categories namely, natural and man-
made textile fibers. According to the origin, natural fibers can 
be divided into plant-based (cellulosic) fibers, animal-based 
(protein) fibers, and metallic fibers. Man-made fibers can be 
divided into synthetic, regenerated, and inorganic fibers [2]. 
The plant-based fibers can be sub-classified into seed fibers 
such as cotton and kapok, bast fibers comprise flax, jute, and 
hemp, and leaf fibers include sisal; and manela. Wool, 
mohair, kashmir, and silk fibers are examples of the animal-
based fibers type. Asbestos represents solely the metallic 
fibers type. The common types of synthetic fibers are 
polyester, polyamide, acrylic, olefin, aramid, and stretchable 
ones. Regenerated fibers include viscose, tencel (loycell), 
modal, bamboo,…,etc. The common and important 
inorganic textile fibers are carbon, glass, and ceramic fibers 
[3-5]. In general, synthetic fibers contribute to the materials 
which make up our clothes by around 60 % globally [6].

The physical and mechanical properties of yarns spun from 
textile fibers and the characteristics of fabrics woven from 
them were extensively researched in different papers [7-15]. 

The overarching objective of this study is to deeply 
characterize some of the regenerated cellulose fibers namely, 
viscose, bamboo, tencel, and modal in comparison with PET 
and the Egyptian cotton fibers in terms of their physical, 
mechanical, and roughness properties. 

2: Experimental work

2.1: Materials and methods

Throughout this study, six different textile fibers were used. 
Of which, four are regenerated cellulose fibers and the 
remaining ones are the PET and Egyptian cotton fiber of type 
Giza 86. The regenerated cellulose fibers include viscose, 
bamboo, tencel, and modal fibers. 

Normally, α-cellulose and hemicellulose are the main 
constituents of cellulose fibers whether the natural, i.e., 
cotton or the regenerated ones. Besides, some components 
with minor quantities such as pectin, protein, lignin, ash, and 
other materials are found. PET results from the reaction 
between Ethylene glycol and Terephthalic acid. Figures 1-3 
show the chemical structures of the components of the 
cellulose fibers, while the consequences of the reaction 
between ethylene glycol and terephthalic acid are presented 
in figure 4.
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Figure 1: Chemical structure of cellulose



The dimensions, namely diameter, perimeter, cross-sectional 
area, mean fiber length, and linear density of each fiber type 
were tabulated in table 1. 

Table 1: Dimensions of the used textile fibers

*Cotton fiber linear density was calculated from micronaire 
value: Denier = Micronaire×0.354.

Physical and mechanical properties of textile fibers under 
study were evaluated and measured according to standard 
test methods, and after placing them in a standard 
atmosphere, namely temperature of 20 oC±2 and relative 

humidity of 65%±2 for one day. During this study, fiber 
tenacity, breaking elongation, number of crimps per unit 
length, moisture regain, moisture content, roughness 
parameters of each type of fibers were measured.

Figure 5: General view of the Microlab Advanced E250 
instrument

The mean length, diameter, perimeter, and cross-sectional 
area of all fibers were measured according to standard test 
methods ASTM D1440, and ASTM D2130 using Microlab 
Advanced E250 instrument which is shown in figure 5. The 
linear density of each textile fiber was measured in 
accordance with standard test method ASTM D1448. The 
number of crimps in each fiber unit length (one centimeter) 
was also measured according to standard test method ASTM 
D3937. 

The mechanical properties of the textile fibers under study 
were characterized in terms of their tenacity in gram per tex 
and breaking elongation (%). As cotton is the only natural 
among other textile fibers in this study, it has characteristics 
which differ from the others. In general, due to differences in 
the environmental conditions and type of soil, cotton fibers 
differ from each other in their mean length, fineness, and 
luster, micronaire, and maturity values. Because of its 
manual harvesting, cotton fibers have different types of 
wastes such as fragments of leaf and stalk of plants, trashes, 
dust, and impurities. As a consequence of these reasons, 
cotton fibers have their own measuring units which are used 
to measure their physical and mechanical properties. The 
High Volume Instrument (HVI) is the most common and 
well-known apparatus which is commonly used to measure 
cotton fiber characteristics. The general view of HVI 
instrument is illustrated in figure 6.
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Figure 2: Chemical structure of hemicellulose

Figure 2: Chemical structure of hemicellulose

Figure 3: Chemical structure of lignin

Figure 4: Chemical composition of PET

 / 9H10O2,C10H12O3,C11H14O4

Lignin

 

Dimensions  
Types of textile fibers  

Cotton  Polyester  Viscose  Bamboo  Tencel  Modal  

Diameter (µm)  14.6  11.6  10.3  12.5  10.2  10.8  

Perimeter 

(μm)  
45.9  36.5  32.4  39.3  32.1  33.9  

Area (μm2)  118.5  122.7  101  86.3  97.1  75.4  

Mean length 

(mm)  
33.8  38  38  38  39  38  

Linear density 

(denier/dtex)  
2.3/2.6  1.5/1.6  1.2/1.3  1.7/1.9  1.1/1.3  1.3/1.4  
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Figure 6: The general view of HVI instrument is illustrated



The linear density of cotton fiber was calculated from the 
following equation and according to standard text method 
ASTM- D5867:

Denier = Micronaire value × 0.354 ………. [1]

Depending on their affinity to water, different textile fibers 
absorb different quantities of moisture. Moisture regain and 
moisture content of the used textile fibers were measured 
according to the standard test method D2495 and calculated 
using the following equations:

Moisture regain (%) = × 100 …..........……. [2]

Moisture content (%) =  × 100 …….......…. [3]

Where, W is the weight of absorbed moisture, and D is the 
dry weight of the measured sample. 

Atomic force microscopy (AFM, NanoScope IV, room 
temperature) was used to characterize the surface 
topography of textile fibers under study in terms of their 
surface roughness parameters. Using AFM analysis, the 
following roughness parameters were evaluated for each 
fiber type: average roughness value (Ra), root mean square 
value of roughness (Rq), Maximum height of the roughness, 
Maximum roughness valley depth, Maximum roughness 
peak height, Average maximum height of the roughness, 
Average maximum roughness valley depth, Average 
maximum roughness peak height, Skewness, and Kurtosis.

Average roughness (Ra) and root mean square roughness 
(Rq) values were calculated using the following equations:

Where, Zi indicates the distance of the ith point from the 
mean plane.

2.2 Analysis of the experimental data

In order to assess the influence of the textile fibers understudy 
on their physical and mechanical characteristics, One –Way 
ANOVA was performed. This prominent statistical analysis 
was executed using SPSS V. 25 Statistical Software. The 
significance level was evaluated at 0.01≤ α ≤ 0.05. This 
means that as the significance level is less than 0.05 signifies 
there is a significant difference between the textile fibers with 
respect to their influence on a given property, namely 
moisture regain, fiber crimp, and tenacity, etc.  

3: Results and Discussion

3.1: Surface morphology

Micrographs of the longitudinal and cross-sectional views of 
the textile fibers under study were depicted in figures 6, and 7 
respectively. From figure 6, it can be seen that the surface of 

cotton fiber is characterized by its helical, ribbon-like, and 
convoluted form. The PET fiber is distinguished with a 
smooth and cylindrical surface with a complete regular 
diameter. The surface of the viscose staple fiber is 
significantly rough with longitudinal serrations running 
along the fiber surface. The surface of the bamboo fibers is 
also associated with rough tree park strips. The longitudinal 
view of modal fibers resembles a great extent that of bamboo 
and viscose fibers. The longitudinal view of Tencel staple 
fibers is fairly smooth, cylindrical with a uniform diameter, 
and resembles some extent that of PET fibers.

Figure 6: SEM micrographs of the longitudinal views of 
the used textile fibers

It is well known that the cross-section of cotton fibers looks 
like a kidney shape with a lumen in the middle, which is 
clearly seen in figure 7. It should be noted that the cross-
sectional parameters of cotton fiber, namely 

thickening, fiber linear density, and micronaire value. Also, 
the cross-sectional shape of cotton fiber was found to 
influence its structural uniformity, luster, friction, and water 
absorption 
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The cross-section of bamboo fiber (figure 7) is somewhat 
circular with a minor round lumen in its center. Generally, 
bamboo fibers have multilamellate cell walls with different 
layers. Tencel fibers have a fairly circular cross-section with 
a dense cellulose network structure. Tencel fibers' cross-
section has finely distributed voids with dimensions ranging 
between 5 and 100 nm. Viscose fiber has a serrated and 
densified skin layer cross-section. The thickness of the cross-
section layer is about 1.5-2.5 micron and has pores with 
dimension 5-25 nm.

As shown in figure 7, the cross-section of PET fiber is quite 
circular. The cross-sectional shape of PET fiber depends 
mainly on the conditions of the spinning process, which can 
produce circular, trilobal, quadrilobe, hexalobe, solid and 
hollow cross-sections.

3.2 Moisture regain and moisture content 

The values of the moisture regain and moisture content of the 

textile fibers under study were portrayed in figure 8, and their 
statistical analysis results were also tabulated in tables 2, and 
3 respectively.

Table 2: Analysis of variance results of moisture regain 
for textile fibers

  

Figure 7: Micrographs of the cross-sectional views of the used textile fibers

  

Cotton
 

Viscose
 

Bamboo
 

Tencel
 

Modal

 

PET

 

Source of 
Variation 

SS  df  MS  F  P-
value  

F 
crit  

Between 
Groups  

576.035  5  115.207  251.7683  0.000  2.621  

Within 
Groups  

10.982  24  0.458     

Total
 

587.018
 

29
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The statistical analyses revealed that the textile fibers under 
study differ significantly at 99% confidence limits 
concerning their moisture regain and moisture content 
values. From figure 8, it can be seen that the average values of 
the moisture regain and moisture content of the textile fibers 
under study differ significantly according to the fiber type.

It was detected that the values of moisture regain and content 
of cellulose regenerated fibers differentiated appreciably 
from the corresponding Egyptian cotton fiber, and all 
cellulose fibers under study have higher moisture content and 
moisture regain values compared to polyester (PET) fibers. 
The average values of moisture regain and content of the 
cellulose fibers were found to be in the following order: 
Viscose > Modal > Bamboo > Tencel > Cotton.

Figure 8: Average values of the moisture regain and 
moisture content of textile fibers under study

The statistical analysis revealed that the average values of the 
moisture regain of the textile fibers were around 7.11%, 
0.43%, 12.98%, 11.64%, 11.43%, and 12.16% for cotton, 
polyester, viscose, bamboo, tencel, and modal fibers 
respectively. On the other hand, it was estimated that the 
average values of the moisture content were found to equal 
6.64%, 0.42%, 11.49%, 10.43%, 10.25%, and 10.84% for 
cotton, polyester, viscose, bamboo, tencel, and modal fibers 
respectively. In comparison with polyester fiber, natural or 
regenerated cellulose fibers were found to be more 
absorbent. This may be attributed to the countless polar OH 
groups that exist in the structure of the cellulose fibers, which 
in turn can absorb much water. Additionally, it was noticed 
that regenerated cellulose fibers have much more moisture 
regain and moisture content values than their corresponding 

cotton fibers. This may be related to the preparation methods 
of the regenerated fibers which are based on dissolving the 
wood pulp in NaOH, which in turn swells the generated fibers 
remarkably. As well as the large reduction of the degree of 
polymerization of the regenerated cellulose fibers that 
leaving them with more end groups and higher accessibility 
of water molecules is another reason.  

3.3: Fiber crimp

Throughout this study, fiber crimp was evaluated via 
counting the number of crimps per unit length of the fiber, 
i.e., per one centimeter for each fiber type. 

Due to the difficulty of counting the number of convolutions 
along the cotton fiber length, the number of crimps per one 
centimeter of cotton fiber length was neglected, and the 
comparison was conducted only for man-made fibers, 
namely polyester, bamboo, viscose, tencel, and modal fibers. 
The number of crimps in the five textile fibers was depicted in 
figure 9, and the ANOVA results were listed in table 4. 

Table 4: Analysis of variance results of No. of crimps for 
different textile fibers

Figure 9: No. of crimps/cm of textile fibers

The statistical analysis revealed that fiber type has a 
significant influence on the fiber crimp at a 0.01 significance 
level. As shown in figure 9, the number of crimps per unit 
length of each fiber differs significantly. Polyester (PET) 
textile fibers are associated with a high number of crimps, 
whereas the Tencel fiber is accompanied by a lower number 
of crimps per centimeter. It should be noted that the 
difference among the regenerated fibers is lower than the 
difference between each one of them and the synthetic one, 
i.e., the polyester fiber in terms of the number of crimps per 
one centimeter. It was estimated that the average number of 

Source of 
Variation 

SS df MS F 
P-

value 
F 

crit 

Between 
Groups 

449.025 5 89.805 184.115 0.000 2.621 

Within 
Groups 

11.706 24 0.488    

Total 460.731 29     
 

Table 3: Analysis of variance results of moisture content 
for textile fibers

Source of 
Variation  

SS  df  MS F  P-value  F crit  

Between 
Groups 

75.6  4  18.9 8.513514  0.000351  2.866081  

Within 
Groups 

44.4  20  2.22    

Total  120  24      
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crimps per unit length of polyester, viscose, bamboo, Tencel, 
and modal fibers were approximately 7.8, 3.4, 4.8, 2.8, and 
4.2 crimps/cm. The difference among textile fibers with 
respect to their crimp values may be ascribed to the 
difference in manufacturing techniques of each one. 

3.4 Surface roughness

Average values of the roughness parameters of the used 
textile fibers were tabulated in table 5, and their statistical 
analysis results were listed in Tables 6 and 7. The average 
surface roughness and their root mean square values of the 
used textile fibers were also depicted in 3D figure 10, and in 
2D figure 11.  

From tables 6, and 7, it can be observed that the average 
surface roughness and their root mean square values of the 
textile fibers differentiated significantly at a 0.01 significance 
level. From figures 10 and 11, it can be seen that the average 
surface roughness and root mean square values of textile 
fibers under study differ significantly according to the fibers 
type. Since the average values of surface roughness of 
different textile materials differ significantly according to the 
textile fiber type, thus these roughness parameters, especially 
Ra and Rq can be used to characterize the surface texture of 
these fibers types. 

The surface morphologies of cotton and viscose fibers are 
characterized by ridges that run parallel to each other on the 
fibers' surface. The fine structure of cotton fibrils is the cause 
of the formation of such ridges.    

With the low surface roughness value (Ra), viscose fiber is 
considered the smoother one among the textile fibers under 
study. Cotton fiber comes behind the viscose in this respect. 
Bamboo fiber is rougher in general and is followed closely by 
PET fiber. Tencel and modal fibers have the same average 
roughness values, and they are smoother than bamboo and 
rougher than viscose and cotton.  

From table 5, it can be noticed that high roughness 
parameters (Ra, Rq) were associated with PET (33.1, 49) and 
bamboo fibers (32.1, 50.3). In contrast, the low roughness 
parameters belong to viscose and Egyptian cotton fibers were 
(25.2, 32.1), and (29.7, 37.7) respectively indicating that 
viscose and cotton fibers are relatively smoother. 

With the low surface roughness value (Ra), viscose fiber is 
considered the smoother one among them. It was reported 
that the larger the value of average surface roughness 
denoting that the textile fiber surface is free from impurities. 
The ratios of Rq/Ra for all textile fibers understudy ranging 
between 1.2 and 1.5 indicating that they agree with the 
tribological standard and fall under the Gaussian normal 
distribution. It was also stated that roughness kurtosis lower 
than 3 indicates that the fiber surface is rough. The negative 
signs of the roughness skewness values which are listed in 
Table 5 explain the negative skewness of roughness and the 
natural porosity of the fibers. The higher values of the 
maximum height of roughness reveal the great coherence 
between the fibers of the same material and between them 
and other fibers during their processing in different spinning 
stages.

Figure 7: Average roughness values (Ra) of the used textile fibers
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Figure 8: Average roughness (Ra) and root mean square 
(Rq) values of the used textile fibers

Table 5: Average values of roughness parameters of the used textile fibers

Roughness parameters, (µm) Cotton Viscose Bamboo Tencel Modal PET 

Roughness average, Ra 29.7 25.2 32.1 30.2 30.2 33.1 

Root mean square roughness, Rq 37.7 32.1 50.3 37.5 37.5 49 

Maximum height of the roughness, Rt 359.8 231.5 985.1 278.1 278.1 982.8 

Maximum roughness valley depth, Rv 174.3 112.2 424.9 129.6 129.6 660.3 

Maximum roughness peak height, Rp 185.5 119.2 560.2 148.5 148.5 322.5 

Average maximum height of the roughness 209 178.8 360 191.2 191.2 363.2 

Average maximum roughness valley depth 103.4 87.2 167.9 92 92 212 

Average maximum roughness peak height 105.6 91.6 192.1 99.2 99.2 151.2 

Skewness -0.065 0.008 -0.483 0.025 -0.043 -3.191 

Kurtosis 3.712 3.216 30.899 2.976 3.419 44.9 

 
Table 6: Analysis of variance results of average roughness values of used textile fibers

Source of Variation SS df MS F P-value F crit 

Between Groups 185.942 5 37.188 4.21 0.007 2.621 

Within Groups 212 24 8.833    

Total 397.942 29     

 
Table :7 Analysis of variance results of root mean square values of used textile fibers

Source of Variation SS df MS F P-value F crit 

Between Groups 1433.375 5 286.675 7.836 0.000 2.621 

Within Groups 878 24 36.583    

Total 2311.375 29     

 
3.5 Mechanical properties

3.5.1 Fiber tenacity

The results of the statistical analysis which indicate the 
significant impact of fiber types on their tenacities are 
tabulated in Table 8. The relation between fiber types and 
their tenacities are represented in figure 9.

Figure 9 shows the average values of tenacities of the six 
textile fibers under study. From this figure and statistical 
results shown in table 8, it was proved that there is a 

significant difference among textile fibers regarding their 
breaking tenacity at a 0.01 significant level. From this figure, 
it can be seen that polyester fiber has the highest breaking 
tenacity compared to other textile fibers. Also, it was 
revealed that regenerated fibers have lower tenacity 
compared to polyester fiber and some of them have tenacity 
close to cotton fibers. Regarding regenerated cellulose fibers, 
viscose fiber has the lowest value of tenacity; while the tencel 
fiber superior to other regenerated fiber with respect to its 
breaking tenacity. It should be noted that the tenacity of 
tencel fibers approaches that of cotton fiber. Modal fiber has 
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the second best breaking tenacity after the tencel fiber. 
Tenacity of bamboo fiber lies in between modal and viscose 
fibers. 

Table 8 Analysis of variance results for the effect of fiber 
types on tenacity

Figure 9  Tenacities of used textile fibers

It was estimated that the average values of the tenacity of 
fiber samples under study are 37.7, 47.5, 20.25, 36, and 34 
g/tex for cotton, polyester, viscose, tencel, and modal fibers 
respectively. The high tenacity of tencil fiber indicates the 
superiority of loycell process compared to other producing 
technique of the regenerated fibers.  

3.5.2 Breaking elongation

The breaking elongation of the six textile fibers understudy 
was illustrated in figure 10 and the results of the analysis of 
variance were listed in table 9.

The statistical analysis revealed that breaking elongations of 
the six textile fibers understudy differentiate significantly at 
1% confidence limits. From figure 10, it can be noticed that 
polyethylene terephthalate (PET) has high values of 
breaking elongation compared to the other used fibers. 
Regarding cellulose fibers, it was detected that, in general, 
the regenerated cellulose fibers have higher breaking 
elongation than cotton fibers. It was also observed that 
bamboo fiber was superior to other regenerated ones, and the 
Tencel fiber comes behind it in this respect. It was estimated 
that the average values of breaking elongation of cotton, 
PET, viscose, bamboo, Tencel, and modal fibers are 
approximately 7%, 22%, 12%, 19%, 15%, and 14% 
respectively. The enhanced tensile properties of polyester 
fiber may be ascribed to the high orientation of its molecules 
and its high crystallinity ratio.  

Table 9: Analysis of variance results for the breaking 
elongation of the used fibers

 4. Conclusion

Throughout this study, six different textile fibers namely, 
cotton, PET, viscose, bamboo, tencel and modal were 
evaluated and compared in terms of their physical and 
mechanical properties. On-way ANOVA was used to assess 
the significant differences among these types of fibers at a 
significant level of 0.01. Owing to the differences in their 
manufacturing methods, regenerated cellulose and PET 
fibers differ significantly. In addition, due to the conditions of 
its growing, cotton fibers significantly differ from the former 
ones. The statistical analysis proved that high values of 
moisture regain and moisture content were associated with 
viscose fibers followed by modal fiber, while PET fiber 
exhibited the lowest moisture ones. PET fiber exhibited high 
crimp and tenacity values; by contrast, Tencel and viscose 
fibers yield the lowest crimp and tenacity values respectively. 
High roughness values especially Ra and Rq were 
accompanied by bamboo fibers.

This study will benefit the textile fiber producers in 
identifying the characteristics of their products and exploring 
their effects on the subsequent processing stages and the 
quality of the finished textile products.  
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Source of 
Variation 

SS df MS F 
P-

value 
F 

crit 
Between 
Groups 

2656.225 4 531.245 46.532 0.000 2.621 

Within 
Groups 

274 20 11.41667    

Total 2930.225 24     

Source of 

Variation 
SS df MS F 

P-

value 

F 

crit 

Between 

Groups 
694.167 5 138.833 48.642 0.000 2.621 

Within 

Groups 
68.5 24 2.854    

Total 762.667 29     
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