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ABSTRACT 

The present work aims at determining the chemical composition as well as the micromechanical 

properties of the fibers coming from a liana of South Cameroon locally called "Ndik Kussa" of 

scientific name Neuropeltis acuminatas (NA). After obtaining NA fibers by a traditional method, 

spectroscopic spectroscopic analysis at the spectograph of the fiber reveals the presence of the H-O 

groups of the polysaccarides and the water of hydration, the C-H groups of the cellulose, the groups 

of the esters and acids of hemicelluloses, C C  lignin groups, C-O groups of cellulose, acetyl groups 

of lignin, C-H groups and aromatic vibrations, CH2 groups of polysaccharides. A tensile test is 

performed on ten fibers of 90mm length. The degree of crystallinity is calculated by the method of 

Segal. A relation between elongation at the beginning of the linear zone and the angle of the 

microfibrils is established, leading to the deduction of the mirofibrillar angle. Thus, with the relation 

based on isochoric deformations, a relation between the Young's modulus of the crystalline and 

noncrystalline parts of the fiber is established, making it possible to have an evolution of the Young's 

modulus of the crystalline and noncrystalline parts. The results indicate that the cellulose microfibrils 

are oriented 1,39° with respect to the axis of the fiber. They also reveal that the crystallinity index is 

       42  and that the Young's modulus of the crystalline and non-crystalline parts evolves 

according to a linear law. 
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1. INTRODUCTION 

The exploitation of renewable resources is an essential concern today for the preservation of the 

environment. Developing countries, including those in sub-Saharan Africa, are seizing this 

opportunity to exploit local resources that are still unexplored. An ideal example is the physical 

exploitation of secondary agricultural products, such as the fibers of the banana plant [1], [2]. 

In fact, cellulosic fibers extracted from plant fibers seem particularly suitable for polymers for the 

purpose of reinforcement: actually, the vegetable fibers most frequently used in composites are 

extracted from liberian fibers. This consumes for example jute, flax and hemp, hard fibers, which are 

quite well exploited industrially. As far as agricultural waste is concerned, the stems of herbaceous 

plants may be used for this purpose, although these plants are less often used for fiber extraction by 

traditional retting. Examples of fibers extracted from herbaceous plants that have been proposed for 

use in materials include, for example, switchgrass, alfalfa, celery and nettle, but in some cases more 

as agro-waste loads than as semi-structural [3].The implementation of new materials from renewable 

natural resources is essential for both environmental and economic reasons [4]. Nowadays, great 

attention and interest is given to experimenting with natural fibers to replace synthetic fibers [5]. 
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The use of natural fibers in polymer composites to replace synthetic fibers such as glass is receiving 

increasing attention because of their abundance, their renewable character, their high rigidity, their 

non-abrasion of the treatment equipment, the possibility of their incineration. Thus, cellulose 

nanofibers have been tested to strengthen different polymeric matrices such as starch [6]; [7] ; [8], 

polyvinyl alcohol [9] ; [10], polylactic acid [11]; [12] ; [13]; [14] ; [15] ; [16] ; [17] and other 

polymers [18] ; [19] ; [20]. 

 

Neuropeltis acuminatas is a woody vine with twisted stems up to 40 m long and up to 25 cm in 

diameter. It has alternate, simple leaves with petioles 8-25 mm long; The lamina is elliptical, 5-12 cm 

× 5-6 cm, rounded to wedge-shaped at the base, having an entire margin. This liana has inflorescence 

with axillary and terminal clusters, up to 50 flowers, 12-30 cm long [21]. Its flowers are bisexual, 

regular, fragrant; The pedicels are 4 mm long, bracts strongly accrescent after flowering [22]; The 

sepals are circular to elliptical, 1.5-3 mm long and pubescent. Its fruit is a rounded capsule 7 mm in 

diameter, surrounded at the base by the persistent calyx and dilated bract [23]. Its seeds are globose, 

black, glabrous [5].NA fibers have since been used by our ancestors in South Cameroon. These 

formed a pile of fibers that they used as a dish sponge and toilet gang. 

The present work consists in evaluating the chemical composition and the micromechanical 

characteristics of the new fiber. It is a question of determining its crystallinity rate, the angle of its 

microfibrils, identifying the internal chemical groups, and evaluating the range of values of the 

Young's modulus of its cellulosic and amorphous parts. 

2. MATERIALS AND METHODS 

2.1 Materials 

2.1.1. Diffractometer 

This evaluation is carried out by diffractogram, The Philips X'Pert Pro diffractometer with a CuKα 

radiation,  λ   1.5405980 Å  and steps of 0.0001 ° is used. The monochromator is graphite and has a 

voltage of 45 KV.The Segal method used here is very common and easy to implement and remains 

the most used for determining the crystallinity index of natural cellulosic fibers [24]; [25]. 

2.1.2. Traction test 

The traction test is performed on an INSTRON version IX2716-010 machine type 004 with a PC 

interface for automatic acquisition of forces and displacements. Individual fiber test pieces of NA 

are made by providing both ends of mooring heads. Between the two mooring heads a free length 

of 90 mm is left. Traction tests are carried out on 14 specimens at a speed of 20 mm / min [26]. 

2.1.3. Chemical composition  

The chemical characterization will require an oven, a thermostatic oven, an electronic scale, a 

desiccator, a heated flask, a cooling device, a No 4 crucible. 

2.1.4. Infrared spectrography 

It is made by infrared spectrography. The spectrograph used is of BRUCKER Alpha model of 

resolution      , with a scan number equal to 24. 
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2.2 Method 

2.2.1 Evaluation of the angle of the microfibrils 

The tensile characterization of the fiber has been the subject of an earlier article [27]. It is a question 

of exploiting the results of said characterization to determine the microfibrillar angle. Figure 1 is a 

simplified representation of the microfibrils of celluloses. 

  

 

Figure 1: Simplified representation of the orientation of cellulose microfibrils [28] 

The value of    , is obtained in the following way: 

 

                            

Where    is length of a microfibrillary,  

               projection along the axis of the fiber  

 

From this value, ΔL is calculated as follows: 

 

ΔL=  -   ⇨ ΔL=   
 

    
           (2)                                                                                                           

Where ΔL is lengthening the fiber 

 

Let the global deformation of: 

 

       
ΔL

  
   ln            (3)                                                                                                                           

Where    Global deformation 

 

The determination of the angle corresponding to a given deformation can therefore be obtained by the 

equation [28]: 

 

                        (4)                                                                                                                                           

 

The deformation at the beginning of the linear zone of the stress-strain curve is taken and the relation 

               between the microfibrillar angle   and the strain   at the beginning of the linear 

zone is applied. 

2.2.2. Young's modulus of crystalline and non-crystalline parts 

Microscopic modeling of the Young's modulus is made from the crystallinity index, the microfibrillar 

angle and the Young's modulus of the fiber obtained during the tensile characterization. 
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The equation of isochoric deformation, which describes the behavior of the low-helix fibril disclosed 

by Thygesen et al., in 2005, made it possible to determine a relationship between the longitudinal 

Young's modulus of the crystalline parts as a function of the modulus of Young non-crystalline parts. 

This relationship is given by equation 5 described below: 

                         
   =                (5) 

Where     is longitudinal elasticity modulus of the fiber, 

                 Young's modulus of non-crystalline parts  

               propeller angle 

                content of the crystalline parts 

            E Young  module of NA fiber.                                

2.2.3. Chemical characterization 

         Extraction methods with alcohol-benzene 

A cartridge containing a mass of 14 g of fibers milled in a Retsch SM 100 mill with a blade. The 

volume ratio of ethanol-benzene ½ (500 ml of benzene and 250 ml of ethanol). The mixture is 

introduced into a flask; this flask is heated and a soxhlet is introduced and is closed with a coolant for 

8H of time; The solid residue is washed with distilled water, then heated in a thermostatic oven at 150 

° C overnight and then weighed, the level of alcohol-benzene extract is obtained by the following 

equation [29] 6: 

    
   

  
         (6)         

Where     is  Percentage of ethanol-benzene extract, 

                mass of the residue dried at 105 ° C in a thermostatic oven 

               mass of the sample taken for the experiment. 

                                                                                                                                        

Methods of extraction with water 

1.5 g of sawdust and 100 ml of distilled water are introduced into a ground-necked Erlenmeyer flask 

and boiled under reflux with magnetic stirring for 7 hours. The solid residue is washed with distilled 

water, then heated in a thermostatic oven at 150 ° C overnight and weighed. The rate of extract with 

water is obtained by the following equation [29] 7: 

   
       

   
    -          (7)          

Where    is percentage of water, 

                dried fiber mass for the experiment 

                mass of dry fibers exiting the thermostatic oven after the experiment. 

                                                                                                                       

Method for Lignin Rate (KLASON Method) 
300 mg of sawdust extracted with ethanol-benzene and water are introduced into 5 ml of 72% sulfuric 

acid for 1H, 195 ml of water are added to the mixture and refluxed during 4H, then filtered with a 

crucible N
o
 4 for 4H. The solid residue is washed with distilled water, then heated in an oven at 150 ° 

C overnight and weighed. The lignin level is obtained by the following method [29]: 

  
  

  
             (10) 
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Where   is lignin levels, 

               mass of lignin extracted after the experiment.     

                                                                                             

Method for the rate of pectin 

2 g of sawdust extracted with ethanol -benzene and water, having been dried in an oven are 

introduced into 100 ml of 2% chloridic acid heated at reflux for 4H, then filtered with a crucible No. 

4 for 4H. The solid residue is washed with distilled water, then heated in a thermostatic oven at 150 ° 

C overnight and weighed. The pectin content is obtained by the following method [29] (9): 

  
  

  
                   (9)                

Where   is pectin level 

               mass of pectin extracted after the experiment. 

                                                                                                                               

Method for Holocellulose Rate 

500 mg of extracted sawdust were placed in a 100 mL flask containing 30 mL of distilled water and 

heated at 75 °C. Acetic acid (0.1 mL) and 15% aqueous sodium chlorite (2 mL) were then added each 

hour for 7 h. The mixturewas filtered on a Büchner funnel and the residue washed with water, Soxhlet 

extracted for 2 h with ethanol and dried at 103 °C to a constant mass [29]. 

 Method for the Cellulose Rate (Kurschner) 

1.5 g of sawdust and 50 ml of nitro-alcoholic solution (40 ml of alcohol and 10 ml of fuming nitric 

acid) are introduced into a colander Erlenmeyer connected to a refrigerant and heated in a bain-marie 

for 1 hour. After three attacks, the contents are rerun on a crucible N ° 4; then the contents are washed 

with ethanol 96 °, with distilled water and with ether; the crucible is heated in an oven for 2 hours and 

weighed: The cellulose content is obtained by the following method [29]: 

  
  

  
               (11)   

Where   is cellulose content, 

               mass of cellulose extracted after the experiment. 

                                                                                                                                      

3. RESULTS AND DISCUSSIONS 

3.1. Chemical characterization 

3.1.1 Chemical composition of NA fiber 

NA fibers (Neuropeltis acuminatas) contain 39.2 cellulose, 7.2 hemicellulose, 20.4% lignin, 18.9% 

pectin, 10.8% fats and waxes and 1.5% water-soluble compounds. The ash ash content at 315 μm is 

1.973% and at 500 μm is 2.186%. In Table 1 are reported, with respect to NA fibers, the various 

chemical compositions of certain Liberian fibers widely used as reinforcement in natural composites. 

From Table 1, it appears that NA fibers are very rich in lignin compared to several fibers of literature 

except at Alpha. This rate is twice that of jute, abaca and kenaf fibers, and four times higher than the 

rate found in banana fibers. The level of pectin is much higher than that of the majority of fibers in 

the literature. This pectin content is 1.561 times higher than that of Diss. The hemicellulose rate of 

NA is lower than that of the majority of the fibers present in the literature, it is 1.263 slightly higher 

than that of cotton. 
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Table 1 :Chemical composition and moisture content of some bast fibres. 

Type of fibers Cellulose % Hémicellulose % Lignine % Pectine % References 

Hemp 70.2-74.4 17.9-22.4 3.7-5.7 0.9 [30] 

Flax 64.1–71.9 16.7–20.6 2.0–2.2 1.8–2.3 [31] 

Okra 60–70 15–20 5–10 3.7 [31] 

Banana 64 10 5 - [30] 

Abaca 59 - 12.5 - [30] 

Sisal 67-78 10-14.2 8.0-11.0 10 [32]  

Raphia 58,5 13,4 26,8 - [32]  

Jute 61.0-71.5 13.6-20.4 12.0-13.0 0.2 [30] 

Kenaf 51 21.5 10.5 - [30] 

Pineapple 70-82 - 8-12.7 - [30] 

Alpha 45 24 24 5 [33]  

Cotton 85-90 5,7 0,7-1,6 0-1 [33] 

Ramie 68.6–76.2 13.1–16.7 0.6–0.7 1.9 [33] 

Diss  41.1 27 16.8 12.1 [33] 

bamboo 32-44 22 19-24 6-8 [33] 

sugar 26-43 15 21-31 9-35 [33] 

Date palm 35 28 27 10 [34]  

NA 39.2 7.2 20,4 18,9 - 

 

3.1.2. Identified chemical groups 

Figure 4 shows the infrared spectrum of the NA fiber. 

 

 

Figure 4: Infrared spectrum of NA fiber 

It appears from this figure that the different wavelengths of absorption correspond to that of the fibers 

regularly studied. Thus the wavelength of 3334 cm 
-1 

corresponds to the extensional vibration of the 

H-O bond of the polysaccharides and the water of hydration. That at 2931 corresponds to the 

elongation vibration of the C-H bond of the cellulose. That at 2865 corresponding to the symmetrical 

elongation of the group  of esters and acids of hemicelluloses. The length at 1616 corresponds to 

the hydrogen bonding of the water bound to the fiber. The length at 1519 corresponds to the 
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symmetrical elongation vibration of the lignin groups C C . That at 1252 corresponds to the vibration 

of the C-O groups of the cellulose. The length at 1032 corresponds to the deformation of the acetyl 

groups of the lignin. It should also be noted small peaks at 1454 and 1325. That at 1454 corresponds 

to the deformation in the plane of C-H groups and aromatic vibrations. That at 1325 corresponds to 

the deformation in the CH2 group plane of the polysaccharides. These results are in accordance with 

those obtained in the literature [35]; [36]; [37]. 

3.2 Micromechanical characteristics 

3.2.1. Microfibrillary angle of NA fiber 

By observing the curves      in tension, the deformation occurred before the beginning of the 

linearity of the curve would correspond to the deformation related to the angle of the microfibrils. 

That is to say that after rapid energization of all the walls of the fiber, the amorphous portion of the 

fiber would deform elasto-visco-plastic at the same time as the cellulose microfibrils align with the 

traction axis. 

Figure 2: Curves σ     of some NA samples 

The following table groups the elongations of the beginning of the linear zone of ten samples. 

Table 2: Table of elongations of 10 samples from the beginning of the last linear zone 

 

 

 

 

 

 

 

   Figure 3 shows the microfibrillar angle distribution of tested fibers of NA. 
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Figure 3: Distribution of microfibrillar angles of NA fibers 

In view of these results, it therefore seems that, in a tensile test, the cellulose microfibrils, initially 

oriented at an average of 1.39 ° of the axis of the fiber, reorganize and progressively align themselves. 

with the traction axis. This reorganization causes collateral viscoelasto-plastic deformations. By the 

same calculation method, the angle values of the following fibers were calculated (Table 3). 

Table 3: the fibrillated micro angle of certain plant fibers 

Fibers Microfibrillary angle (°) Elongation (%) References 

Cotton 18,4 7-8 [28]  

Hemp 6,9 1.2-3.8 [28] 

Ramie 6,4 1.6 [28] 

NA 1,39 1.02 - 

 

The angle of inclination of the cellulose microfibrils of NA fiber is lower than that of Ramie fiber, 

hemp and cotton. In view of the very low inclination of the cellulose microfibrils, they reorganize and 

align more quickly than the three previous fibers when they are subjected to a tensile force. This 

explains why the elongations during the tensile test of NA fibers are very low compared to most plant 

fibers. 

3.2.2 Crystallinity index of NA fiber 

In Figure 5 is presented the diffractogram of NA fiber. 
 

0 

0.2 

0.4 

0.6 

0.8 

1 

1.2 

1.4 

1.6 

1 2 3 4 5 6 7 8 9 10 

1.566 1.569 1.57 
1.535 

1.166 

0.178 0.154 

0.377 

0.222 

0.118 

m
ic

ro
fi

b
ri

lla
ry

 a
n

gl
e

 c
al

cu
la

te
d

 in
° 

Different samples 



International Journal of Academic Research and Reflection Vol. 7, No. 1, 2019 
  ISSN 2309-0405 
 

Progressive Academic Publishing, UK  Page 31  www.idpublications.org 

 
Figure 5: The diffractogram of NA fiber 

It appears that this diffratogram has four characteristic peaks which indicate the semi-crystallinity of 

the fiber, with a very pronounced peak around 2θ   21 °. The major  2θ   21 °  and low  2θ   30 °  

crystalline peaks can be attributed to the monoclinic structure of crystalline cellulose. The crystalline 

peak lying around 2θ   18 ° can be attributed to the low crystallinity of crystalline cellulose I. This 

low crystallinity is explained by the fact that the fiber contains a fairly high level of amorphous 

materials (we have a fairly high lignin content of the order of 20.4%). In conclusion note: NA fiber 

has a low degree of crystallinity. These results are confirmed by the results obtained in IR. The 

wavelength obtained at 1616 cm 
-1

, which is attributed to the vibration of the hydrogen bonds of 

water adsorbed by crystalline cellulose, is therefore not surprising in the case where the cellulose has 

a low crystallinity, so the active surface is exposed to hydration [38]. After this analysis, the 

determination of the crystallinity index of the NA fiber will be done using a very usual method which 

is that of Segal et al., 1959. 

This index CrI    , is determined from equation  1 , using the intensities of the lines 002  I002, 2θ   

18 °), and 110 (Iam, 2θ   22.03 °). I002, represents both the contribution of the amorphous and 

crystalline part of the material whereas Iam represents only the amorphous part contribution of the 

material. This method assumes that the contribution of the amorphous portion is the same for the 

angles at 18 ° and 22.03 °, and that the crystalline cellulose does not contribute to the diffracted 

intensity at 18 ° [39]. This determination of the crystallinity index remains questionable, however, 

since it takes into account only the intensities of the lines and not the integrated intensity of the 

diffraction peaks. However, this method is widely used and described in many studies [24]; [25]. The 

crystallinity index of NA fiber was calculated using equation 12 below: 

 

 rI    
I002-Iam

I002
X100 

          

    
X100=42  (12)                 

Where         is crystallinity rate,                       

                 intensity of the crystalline phase at 2θ  5,073° 

                intensity of crystalline phase at   2θ  5,230° 
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In table 4 are reported in comparison with the NA, the crystallinity indices of some plant fibers 

calculated according to the method of Segal. 

 

Table 4: Crystalline indices of certain plant fibers.. 
Vegetale Fibres CrI (%) E (GPa) σ (MPa) References 

Cotton 86 5.5-12.6 287-597 [40]  

Ramie 92 61.4-12.8 400-938 [40]  

Hemp 81 35 389 [41]  
NA 42 6.043 61.64 - 

 

From this table, it appears that the crystallinity index of the NA fiber is lower respectively than that of 

the date palm, hemp, cotton and ramie. The glance of the chemical properties, in which the NA has 

more amorphous material makes it possible to support this analysis. It is therefore normal that the 

mechanical properties of the NA fiber are low compared to the majority of plant fibers, in that it is the 

cellulosic materials which contain the cellulose microfibrils and which act as reinforcement in the 

microstructure. Fiber, which results in the fact that this fiber has low stresses at break. 

3.2.3 Young longitudinal module of the crystalline and non-crystalline parts 

Taking into account the numerical values,    =      =42,       =1,39°   and   6.043 Mpa [27], 

the equation (5) becomes: 

                 = 
  

      
⇨     

      

  
   =

     

          
 

⇨    = 0.976    + 0.144                        (13) 

The following figure 6 is the graphical representation of the straight line (13), which is the 

relationship between the longitudinal Young's modulus of the crystalline and non-crystalline parts. 
 

 

Figure 6: The graphical representation of the evolution of the longitudinal Young's modulus of the 

crystalline and non-crystalline parts 

 

In this figure, it appears that the longitudinal Young's modulus of the crystalline and non-crystalline 

parts has a linear progression. Assuming the non-existence of the non-crystalline parts, the minimum 

Young's modulus of the crystalline parts is:         0.144. 
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CONCLUSION 

The crystallinity index of the NA fiber is CrI     42. This crystallinity index is lower respectively 

than that of the date palm, hemp, cotton and ramie. The finding is clear, the NA contains less 

cellulosic material than these plant fibers. The breaking stress of the NA fiber is low because it has 

fewer cellulosic materials that act as reinforcement opposing the forces that are submitted to it. The 

angle of inclination of the cellulose microfibrils of NA fiber is lower than that of the Ramie fiber, 

hemp and cotton. In view of the very low inclination of the cellulose microfibrils, they reorganize and 

align more quickly than the three previous fibers when they are subjected to a tensile force. This 

explains why the elongations during the tensile test of NA fibers are very low compared to most plant 

fibers. The infrared analysis of the fiber made it possible to highlight the presence of the HO groups 

of the polysaccharides and the water of hydration, the CH groups of the cellulose, the groups of the 

esters and acids of the hemicelluloses, the groups C C of the lignin, CO groups of cellulose, acetyl 

groups of lignin, CH groups and aromatic vibrations, CH2 groups of polysaccharides. The Young's 

modulus of crystalline parts and non-crystalline parts evolves according to a linear law. The 

crystallinity index of the NA fiber is CrI     42. This crystallinity index is lower respectively than 

that of the date palm, hemp, cotton and ramie. The finding is clear, the NA contains less cellulosic 

material than these plant fibers. The breaking stress of the NA fiber is low because it has fewer 

cellulosic materials that act as reinforcement opposing the forces that are submitted to it. The angle of 

inclination of the cellulose microfibrils of NA fiber is lower than that of the Ramie fiber, hemp and 

cotton. In view of the very low inclination of the cellulose microfibrils, they reorganize and align 

more quickly than the three previous fibers when they are subjected to a tensile force. This explains 

why the elongations during the tensile test of NA fibers are very low compared to most plant fibers. 

The infrared analysis of the fiber made it possible to highlight the presence of the HO groups of the 

polysaccharides and the water of hydration, the CH groups of the cellulose, the groups of the esters 

and acids of the hemicelluloses, the groups C C of the lignin, CO groups of cellulose, acetyl groups 

of lignin, CH groups and aromatic vibrations, CH2 groups of polysaccharides. The Young's modulus 

of crystalline parts and non-crystalline parts evolves according to a linear law. 
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