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INTRODUCTION   

Intensive exploration on environmental-friendly materials has led to the introduction of biofiber composites [1]. Fibers 

from banana, pineapple, sisal, jute, coir, etc. have been used in packaging industries, building, automotive, aerospace, 

textile, paper, and fiber board [2]. Natural fibers  have  the  advantages  of biodegradability,  light weight  and  low  

environmental  impact over conventional synthetic fibers [3]. Despite its promising future, the preform supplies of these 

fibers is limited to nonwoven which only provides for low strength applications. Recently, new varieties of unidirectional 

and woven biofibers have path the way for a high-performance biocomposite with its high strength, low density and ease 

of handling [4]. Kenaf in particular is known to have an advantage over other natural fibers due to its high stiffness, low 

density, short gestation period and is a highly resilient plant. However, due to its coarseness, stiffness and the low cohesion 

of fiber bundles, kenaf fibers are difficult to spin [5]. Spinnability is commonly measured by the amount of waste from 

the process and the quality of the spun yarn. Blending fibers with cotton for fiber spinning is a common method for fibers 

with low spinnability to achieve good quality yarns for apparel application [6].  

The yarn structure is a function of many factors, the most important among them are mechanical properties of 

constituent fibers, fiber distribution along the yarn cross-section, and the relationship between the yarn structure elements, 

i.e. between the fibers (friction, various surface properties, number of contact points), determined by the spinning system, 

level of twisting, or chemical processing [7].  

As bast fiber, kenaf has a higher stiffness-to-weight ratio as compared to cotton. However, the irregular form of the 

blended fibers aggravated by the bundled form of kenaf fibers cause unevenness in the kenaf-cotton blend, which leads 

to poor yarn quality [8]. Alkalization, a common surface treatment for biofibers  is commonly used to separate kenaf fiber 

bundles by removing hemicellulose which acts as a binder between the fibers [4]. Alkalization also improves strength of 

individual kenaf fibers as removal of impurities improves the uniformity of the fibers. Tensile properties of kenaf fibers 

has been found to increase with treatment of up to NaOH concentration of 6%, whereas treatment of 9% degraded the 

strength of fiber cell walls [9]. Increasing twist tightens the lose fibers but also introduce an off-axis misalignment 

between the principal axis of the yarn and constituting fiber [6]. 

Kenaf is a new material with a good potential in composites application. Characterizing kenaf yarn from the many 

variations of process parameters will prepare kenaf for an industrial-scale manufacturing of green reinforcements. This 

experimental work studies the effect of alkali treatment of kenaf fibers, kenaf/cotton blend proportion, and twist level on 

yarn processing i.e. carding waste, and yarn quality, specifically tenacity. Statistical analysis was used to study the main 

effects of the response as well as the interaction effects between the factors. 

 

METHODS AND MATERIALS 

Kenaf fiber with enzyme retting extraction grade was obtained from Dynamic Agrofarm Sdn Bhd (Pahang, Malaysia) 

at the harvesting age of 4 months. Sodium hydroxide (analytical grade) pellets purchased from Merck Sdn. Bhd., Malaysia 

were prepared in 4% and 6% concentration. Kenaf fibers were cut into 100 mm length and immersed into a solution of 

ABSTRACT – Spinning kenaf fibers into yarns is challenging due to the stiffness and lack of 
cohesiveness of the fibers. Alkali treatment is known to remove hemicellulose, wax, and breaks 
down lignin, reducing stiffness of kenaf fiber and improving its spinnability. Kenaf fibers were 
treated at percentages of 4% and 6% and blended with cotton fibers at blend ratios of 40:60 and 
50:50 prior to a ring spinning process to produce a double ply yarn of 70 tex.  Yarn were twisted at 
three sets of twist. The responses were measured in terms of carding waste percentages and yarn 
strength. The results showed that the optimized yarn structural parameter is kenaf fiber treated at 
6% and with a kenaf/cotton 40/60 blending ratio based on its tenacity and minimum carding waste. 
ANOVA shows that there is a good interaction effect between NaOH and kenaf/cotton ratio, and 
NaOH concentration and twist.  
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the pre-determined NaOH concentration and 1.2% hydrogen peroxide. The mixture is then heated up to 90°C for 2 hours. 

Finally, the fibers were dried in a hot air oven at 60°C for a period of 24 hours to remove the excess moisture and cut into 

4 cm length.  

The kenaf yarns were prepared via a ring spinning process using cotton fibers as carrier. Figure 1 shows the cutting, 

opening and blending, carding, drawing, roving and spinning process.  Kenaf and cotton fibers were first separately 

opened followed by a fiber-blending process in an opening machine in the designated proportions by weight. The next 

process is carding where the blended fibers were carded into a mat of 25 grams. The waste is measured and calculated 

back into the designated proportion of both fibers to ensure an accurate kenaf-cotton fiber ratio. Carding waste is recorded 

and analysed to determine readiness of the fibers to be spun. This is followed by a drawing process controlled by adjusting 

the draft ratio to obtain a drawn sliver of 4g/m. The slivers were again drawn in a roving machine to obtain slivers of 

0.5g/m or 500 tex and a small twist of twist level 100. Finally the slivers were spun into yarns of 35 tex, with twist of 7.2 

twist/cm. Two single plies are intertwined into an S-spin double-ply with tex of 70 via a doubling process.  

 

 

Figure 1. Process flow of ring-spinning kenaf/cotton blended yarn 

 

The spinnability of the yarn is measured by its carding waste and the tenacity of the produced yarn. It was evaluated 

to determine the combination of material selection (concentration of NaOH treatment and kenaf/cotton blending ratio) 

and processing parameters (twist level) with the most significant effect. Fibers were treated at 4% and 6% NaOH 

concentration and yarns were produced to be of kenaf/cotton ratio 40/60 and 50/50. Three different twist level was set at 

low (70), medium (75), and high (80) setting which produces twist of 7.1 twist/cm, 8.1 twist/cm and 9.1 twist/cm 

respectively. 

 Yarns from untreated kenaf fiber (raw kenaf) were also fabricated at both 40/60 and 50/50 ratio to observe the effect 

of NaOH treatment, and yarns from 100% cotton fibers were fabricated to benchmark the effect of kenaf fibers inclusion 

into yarn.  Design of experiment from Minitab 18 was used to obtain a randomized sequence of the spinning process. All 

the measurements are replicated twice. The weight of these yarn samples were measured in a climate room (65 ± 5% of 

RH at temperature of 20 ± 1°C) using a weighing balance. The yarn strength was tested in accordance to ASTM D2256 

by a universal tension tester with 1kN load. 

 

RESULTS AND DISCUSSION 

Carding Waste 

Carding is a process to reduce an entangled mass of fibers into a drafted and oriented web, separating fibers into single 

fibers and removing short fibers and impurities. However stiff kenaf fibers with its low interfibrillar cohesion tend to 

break and adhere to the drum and flats, as shown in Figure 2. The course bundled fibers were not able to hook itself in 

between the teeth of the carder and fall onto the collection tray as waste. Kenaf fibers also has low friction coefficient 

due to its smooth waxy surface [9].  
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The carding process is the first process that measures the spinnability of fiber. A high content of waste will indicate 

that the fibers are not ready for spinning and need prior pre-treatment. From the data collection of waste percent as shown 

in Table 1, it is shown that the untreated kenaf fiber has an unacceptably high carding waste of 43% and 44.2%. Treating 

the fibers with NaOH 6% shows a significant change, where the collected waste falls within the acceptable range (below 

30%) at 24.3% and 26.6% for NaOH K/C 40/60 and 50/50 respectively. Alkalisation removes wax, hemicellulose and 

breaks down lignin that hold kenaf fiber bundles [10]. The disentanglement of bundles improves with NaOH treatment 

and NaOH 6% produced better pliability of fibers [7, 11]. Waste was also observed to be higher for 50/50 kenaf/cotton 

ratio, and thus limits the kenaf/cotton proportion at 50/50 as it is predicted to reach 30% at a higher kenaf content. A study 

by Zaida Ortega on the spinning of banana fibers into yarns shows similar results, whereby blending the fibers with either 

cotton, polyester and wool shows improvement on the ability to spin [12]. 

 

 

Figure 2. Waste on flats of carding machine 

 
  

Table 1. Percentage of carding waste 

Sample Run 1 Run 2 Average 

 40/60 50/50 40/60 50/50 40/60 50/50 

Raw kenaf/cotton 43.00% 49.50% 44.20% 53.30% 43.60% 51.40% 

NaOH4%kenaf/cotton 25.50% 28.50% 24.90% 29.00% 25.20% 28.75% 

NaOH6%kenaf/cotton 24.90% 26.30% 23.70% 26.90% 24.30% 26.60% 

 

Image of Yarn 

 Figure 3 shows images of single ply cotton and kenaf/cotton yarn of ratio kenaf/cotton 40/60 and 50/50 magnified at 

20x. Kenaf fibers were all treated with NaOH 6%. Cotton and kenaf fibers can be easily distinguished, as cotton fibers 

has a circular cross section, whereas kenaf fibers was seen to look like a filament due to the existence of kenaf fiber in a 

bundle form. These fiber bundles appear to stick out of the yarn, characterized as hairiness of the yarn. It can be observed 

that as the ratio of kenaf in yarn increases from 40% to 50%, hairiness of yarn increases. Diameter of kenaf/cotton yarn 

also increases as the irregularity of the fibers increases with inclusion of more kenaf fibers [13].The stiff kenaf fibers that 

tends to poke out of the yarn causes the surface of yarn to be rough. It can be observed that kenaf/cotton 50/50 has a 

higher hairiness as compared  to 40/60 yarn. 
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Figure 3. Single yarn of: (a) cotton yarn (b) kenaf/cotton 40/60 and (c) kenaf/cotton 50/50 (magnified at 20x) 

 

Tenacity of Yarn 

Tenacity is a measure of strength of yarn, defined as the ultimate breaking force of the yarn divided by the tex. Tenacity 

of kenaf/cotton yarns and 100% cotton as benchmark is as displayed in Figure 4. Results are taken from 10 yarns for each 

sample group with linear density between 32 and 37 tex and twist level of 70 (low level). 

The graph shows that raw kenaf yarn of K/C 40/60 has only half the strength of cotton yarns. This is a common 

finding, as Ting Zhang reported upon blending with kenaf at 50/50 ratio, the yarn tenacity can drop for more than 50% 

[14]. Yarn is composed of successive links of fibre bundle, each gradually merges into its neighbour at either end. The 

low cohesion of kenaf fibers due to its waxy surface greatly contribute to the fiber slippage [15]. The irregularity of kenaf 

and cotton blend also speeds up the migration of the fibers [16]. This was also observed by T Karthik et. al. [17] with 

cotton/milkweed blended yarn where structures of ring-spun cotton/milkweed blended yarns have been characterized in 

terms of fiber migration, packing density and migration index to analyse the influence of yarn structure on yarn 

characteristics. The lower migration of cotton with the increase in milkweed proportion leads to less stitching of fibre 

bundles which results in the lower tenacity of yarns. 

 

 

Figure 4. Influence of kenaf/cotton ratio and NaOH% on yarn tenacity of twist level 70 

 

It is however observed that with an alkali treatment on the kenaf fibers, the tenacity increases and reached 9.6 cN/tex 

for NaOH 6% treated fibers at ratio of 40/60. Cohesion between fibers is improved with the partial removal of  lignin and 

hemicellulose, exposing cellulose structure which improves fiber cohesion and improves mechanical interlocking [18]. 

Removal of waxy surface from hydrogen peroxide treatment also prevents fiber slippage. Alkalization is also a known 

treatment for natural fiber, by re-aligning of cellulose, improving the individual fibers crystallinity and strength [19]. This 

leads to a delayed fiber breakage that causes slippage, producing an improved yarn tenacity of kenaf/cotton yarns. This 

is in agreement with other findings which revealed that alkalization of cellulosic fibers improve softness and fiber 

strength[20]. It is also observed from Figure 4 that increasing kenaf content weakens yarn strength, however with NaOH 

concentration of 6%, the effect of higher kenaf content on tenacity is less significant. Only a slight drop from 9.6 cN/tex 

to 9.4 cN/tex was observed as kenaf content increased from 40/60 to 50/50 as compared to a more significant drop from 

5 cN/tex to 4.5 cN/tex for raw kenaf yarn. Although kenaf/cotton blended yarn has slightly lower tenacity than cotton, it 

is known that preform strength is not directly proportional to composites strength and it is believed that kenaf fibers will 

contribute to a higher composites strength. Kenaf yarn also has various other attributes which includes being lightweight 

and having good hairiness which will contribute to good mechanical interlocking in composites application [8, 14, 21, 

22]. 
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Effect of Twist 

Table 2 shows the tenacity of cotton yarns, untreated kenaf/cotton yarn and 4% and 6% treated kenaf/cotton yarns at 

ratio of K/C 40/60 and K/C 50/50 at different twist level. Fibers are twisted  to induce lateral forces which act by means 

of friction to prevent the fibers from slipping over one another. Under-twisting cause early fiber slippage, whereas over-

twisting yarns weakens fiber bundles, as making it oblique with respect to the yarn axis weakens the load distribution 

[17]. Three twist settings were chosen for low, medium and high, specifically twist level of 70, 75 and 80. Based on the 

results as shown in Table 2 it was observed that twist level 75 is the optimum twist for all the prepared yarn samples. Pre-

testing of twist is important to ensure the twist chosen is optimized [23]. Other studies on twisting also shows the 

importance of characterizing yarn properties based on twist as one of yarn structural parameters [24–26]. 

 

Table 2. Effect of twist on tenacity 

Treatment Ratio Tenacity (cN/tex) 

 kenaf/cotton Twist 70 Twist 75 Twist 80 

Cotton - 9.82 10.05 9.61 

Raw 40/60 5.1 5.57 5.07 

 50/50 4.61 5.87 5.45 

NaOH4% 40/60 7.57 6.86 7.82 

 50/50 7.01 6.8 6.86 

NaOH6% 40/60 9.22 9.37 9.12 

 50/50 9.04 8.51 8.48 

 

Statistical Analysis 

The level of importance of the process parameters on yarn structural properties is determined by using analysis of 

variance (ANOVA). Analysis of the factorial design was done by Minitab 18 statistical software. Factors with P values 

˂0.05 are considered as potentially significant. The result as presented in Table 4 proves all three factors i.e. NaOH, ratio 

and twist factor effect to be significant. It also shows that there is a good interaction effect between NaOH and 

kenaf/cotton ratio, and NaOH concentration and twist. As discussed, fiber treatment improves friction between fibers and 

overall enhanced yarn structural properties at a higher kenaf content. According to this set of data, ratio and twist is 

however not related. The behavior of kenaf fiber content in yarns and how it affects fiber slippage and twist has to be 

further addressed. 

 

Table 3. Analysis of variance 

Source df Meansquare F value p-value  

Model 17 4.7171 93.23 0.000 significant 

NaOH 2 38.477 760.5 0 significant 

Ratio 1 0.2246 4.44 0.049 significant 

Twist 2 0.1874 3.7 0.045 significant 

2-way interactions     

NaOH*Ratio 2 0.5216 10.31 0.001 significant 

NaOH*Twist 4 0.2756 5.45 0.005 significant 

Ratio*Twist 2 0.0182 0.36 0.703 not significant 

Error 18 0.9107    

Total 35 81.101    

 

CONCLUSIONS 

Kenaf/cotton yarn was successfully produced. Blended yarns are usually coarser than cotton yarns. Treatment with 

NaOH improves the spinning efficiency of the yarn by successfully reducing carding waste and upgrading the quality of 
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the yarn by improving the individual strength of kenaf fibers and delaying fiber slippage. From this study, it can be 

concluded  that: 

1. Treatment of NaOH 6% reduces carding waste to half, making ring spinning process an efficient method of 

producing kenaf yarn. 

2. Increasing kenaf content weakens yarn strength, however by increasing NaOH concentration to 6%, the negative 

effect of higher kenaf content on tenacity is less significant. 

3. The optimized yarn structural parameter is Kenaf fiber treated at 6% and with a kenaf/cotton 40/60 blending ratio 

based on its tenacity and minimum carding waste. 

4. As the purpose of the study is to study the feasibility of kenaf/cotton yarn as a preform for composites application, 

it is recommended that this study is expanded into composites fabrication and testing. 
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