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ABSTRACT
In this study, the nonwoven fabric is produced by rice straws to utilize
agricultural organic waste. Rice straws dried after harvest are pretreated
with NaOH, pectinase enzyme and wetting agent. Washed and softened
fibers are cut at 4–5 cm staple length, blended in carding engine with
cotton at 9/1 ratio. By carding band and needle punch process nonwoven
fabric is obtained. SEM, EDX and FTIR analyses are applied on the fabric.
Product’s inspection verified that pretreatments provided smoothness,
removed noncellulosic substances, and decreased hydrophobic structure.
Thus, a new nonwoven material to be used in textile is produced.

摘要

本研究以稻草为原料，利用农业有机废弃物生产非织造布。用NaOH、果
胶酶和湿润剂预处理稻草收获后干燥。洗涤和软化的纤维在4～5厘米的
短纤维长度下切割，在梳棉机中以9/1的比例与棉混纺。通过梳理带和针
刺工艺获得无纺布。将SEM、EDX和FTIR分析应用于织物上。产品检验证
明，预处理提供了光滑性，去除了非纤维素物质，降低了疏水结构。因
此，生产用于纺织的新型非织造材料。
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Introduction

The petrol resources are on the point of depletion and its use for the raw material of synthetic
products caused environmental problems to reach to global scales. The organic wastes obtained from
agricultural and other sustainable resources enhance the raw material sources for producing ecolo-
gical and low-cost new products. According to the advanced technologies report, 50–65 million tons
of agricultural wastes occur annually in Turkey. The large part of these are being collected and
disposed of without being utilized, and this increases the costs and also causes economic losses.
Agricultural wastes are biomass sources consisting of wheat, rice plant, cotton, sunflower, corn
wastes and greenhouse wastes. Biomass sources are the materials that can be used in the production
of bio-products such as bioenergy, industrial chemicals and various consumer goods instead of
fossil-based resources. By using bio-refining from biomass sources including organic wastes, instead
of petrol methodologies, chemical substances (such as monomers, polymers, organic acids etc.)
fibers, bioplastics and renewable energy (biogas, biodiesel, ethanol etc.) can be produced.

The energy consumed to derive fuels produced from agricultural wastes is more than the energy
provided by biofuels. Furthermore, during the processes of converting agricultural wastes to biofuels,
much more industrial wastes are generated. Agricultural wastes are used in the production of bio-
composite materials. In bio-composite practices, agricultural wastes are used in the production of
flake-boards and they are also used as reinforcing the material in concrete to increase its strength.
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These bio-composites are an alternative to glass wool or carbon-based other composites. In the
literature, there are several studies on the pretreatments applied to the straw fibers, including but not
limited to: retting of linen fibers with and without pectinase enzyme and chelate (Foulk et al. 2004),
retting of linen fibers with Bioprep 3000 and ethylene diamine tetraacetic acid (EDTA) alkaline
pectate lyase (PL) (Akin et al. 2007), high concentrated alkali treatment to curaua plant (Gomes et al.
2007), the finding of strength of blighted linens by using Bioprep 3000L and Texayzm BFE enzymes
is high (Foulk, Akin, and Dodd 2008), threating rice straws cut in 2 to 4–6 mm length for 2 h in
1–5% NaOH at 150° C (Fahim 2011), oxalic acid and hot water influence on NaOH processed rice
straws (Liu and Huang 2013), reviewing pectinase and calcium mechanisms in composting applica-
tions, collected work of linen types and used pectinase varieties (Akin 2013), wheat straws processed
with 1–3-5% alkaline solution (Mittal, Saini, and Sinha 2016).

In this study, carding band-based nonwoven surface has been produced by rice straws with a rate
of 90% which can be used as reinforcing the material in bio-composites and investigated by SEM
display and FT-IR analysis. With this aspect, it is considered that the material would give a new
point of view on putting agricultural wastes to good use.

Materials and methods

In this study, the wastes of rice straws collected from paddy fields in Edirne/Turkey. The density of
rice straws was 0.7–1.0 g/cm3. Pretreatment, comprising 20% NaOH, 2% Bioprep 3000L enzyme and
2% wetting agent, was applied to rice straws at room temperature for 10 days. Enzymating treatment
was done in polypropylene (PP) tanks with 1:15 ratio.

In Figure 1, treatment of sodium hydroxide, enzyme and wetting agent is seen. Detergent flushing
for pH balancing and softening treatment was made following the enzymatic treatment. They were
kept at room temperature for 24 h for drying. The enzymating treatment was done under room
temperature to show that there is no need to consume additional energy while using waste as raw
material.

The enzymating treatment can be done by utilizing big heating tanks in shorter periods, i.e. less
than 10 days. The efficiency depends on the size and abilities of the business/factory.

In Figure 2, detergent and softening wash applied rice fibers are seen. Fibers have been cut
4–5 cm staple length, blended in laboratory-type carding machine belongs to MESDAN S.P.A. with
cotton at 9/1 ratio, thus carding band has been obtained.

In Figure 3, Laboratory-type carding machine and carding band made of rice straw fibers are
seen. A nonwoven fabric was produced by processing the carding bands by needle punch.

Figure 1. Enzymatic treatment.
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Methods of analysis

SEM was used to analyze the micro structure and interfacial properties of the produced carding band-
based nonwoven material, (Madhoushi 2009; Nallis 2009; Qin et al. 2011; Sudhakar and Srinivas 2014;
Wu et al. 2014), while FTIR was used to analyze the chemical bond structures of the material, bond
vibrations of the molecules or displaying the energy changes derived from one spin energy level to
another, (Liu, 2013; Nemr et al. 2015; Prasad, Rao, and Kumar 2006; Zhu et al. 2013).

Result and discussion

Rice straws contain 41–57% cellulose, 33% hemicellulose, 8–19% lignin, 8–38% cinder (Yao 2008).
Moreover, there is 63% crystalline region in its content. With this content, it resembles cotton.
However, the lignin existence in its structure decreases its water absorption. Therefore, to increase
the wetting capability, pretreatment was applied. Fibers extracted from sample quantity of rice straw
are approximately 75%.

FTIR analysis

In Figure 4, FTIR spectrums of raw rice straw and pretreated sample. FAR FT-IR instrument
(Perkin Elmer) was used in the analysis. Observation of the absorption bands showed that the

Figure 2. a) Flushing process b) Drying.

Figure 3. Laboratory-type carding machine and carding band made of rice straw fibers.
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changes between rice straw and pretreated rice straw were mainly due to the formation of oxygen
functionalities which were associated with 1032–500 cm range. OH and NH groups indicate
a successful hydrophile process on rice straws at the peak of pretreated rice straw 3327 band
(Abdul Hamid et al. 2010). 2977 band shows C–H tension (Chen et al. 2011), 2873 peak indicates
the existence of CH3 and CH2 dense bands and rice straws have been modified regularly (Han,
Branford-White, and Zhu 2010). The values on 1600–1700 are the values showing lignin and
aliphatic esters in hemicellulose. The band around 1030 is pointing out olefinic addition structure
with C=C vibration. These results indicated that treatment gave rise to a large increase in
carboxylic and lactone group C=O bonds.

SEM analysis

In Figure 5, the morphologic structure of rice straws which untreated by alkali is seen. Rice straws
have an outer layer consisting of lignin, silica and other noncellulosic substances; it is seen that it has
a thick cell wall and relatively small lumen. On SEM displays (Figure 5(a)), cross section of
unprocessed rice straw (Figure 5(b) and Figure5(c)) and the structures of fiber bundles were
observed (Reddy and Yang 2006). Furthermore, in Energy-Dispersive X-Ray Spectroscopy (EDX)
(Figure 5(d)), elementary analysis of substances contained by raw rice straws was performed. Based
on the results, there are 53% oxygen, 24% carbon, 2.37% potassium, 1.37% chlorine, 0.32% alumi-
num, 0.23% sodium and 0.14% fluorine in its structure.

In Figure 6, the morphologic structure of alkali-treated rice straws is seen. On SEM displays
(Figure 6(a)), the cross section of processed rice straw (Figure 6(b,c)) and the structures of fiber
bundles were observed. It was also observed that, after alkali and enzyme treatment, a small
amount of foreign substances existing on the surface of fiber could be removed; the bonding
materials between fibrils such as hemicellulose, lignin and pectin decreased and fibrillation on the
fiber surface occurred. The roughness of the surface was increased. As a result of fibrillation on
the fiber surface (Figure 6(d)) In EDX, elementary analysis of substances contained by pretreated
rice straws has been performed. Based on the results, there are 54.2% oxygen, 44.79% carbon,
0.23% Silisium, 0.2% aluminum, 0.17% sodium, 0.16% chlorine, 0.11% calcium and 0.10%

Figure 4. FTIR spectrum of rice straw.
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Figure 5. a) 100× Rice straw b) 1000× fiber bundles on rice straw c) 2000× single fiber cell d) Energy-dispersive X-ray spectroscopy
(EDX) of raw rice straws.

Figure 6. a) Pre-treated rice straw fibers 100× b) Pre-treated rice straw fibers 1000× c) Pre-treated rice straw fibers 2000× d)
Energy-Dispersive X-ray spectroscopy (EDX) of Pre-treated rice straws.
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Magnesium in its structure. After alkali treatment, the ratios of oxygen and carbon were
increased while Silisium ratio was decreased and the treatment generated a cleaning effect. By
the removal of foreign substances, the ratio of cellulose reaches up to 80% as well. This increase
in the cellulose amount of the fiber positively affected both the strength of the fiber and the
mechanical characteristics of the produced bio-composite where the obtained nonwoven surface
was used as a reinforcing material by increasing the bonding capability in the interface in the
composite material.

In Figure 7(a), SEM images of carding band obtained from laboratory type carding machine is
seen. In Figure 7(b), the structure of needle punched carding band is shown. It is seen that, the
obtained nonwoven fabric has been needle punched in several directions and its fibers intertwined
thus a felt cloth has been obtained and after this stage, it became a reinforcing material which can be
used in the production of bio-composite materials.

Conclusions

In this study, rice straws one of the agricultural wastes, recycled and a new cellulosic fiber which can be used
as a textile raw material was obtained and a nonwoven fabric has been produced by using this fiber.
According to SEM and FTIR results, positive surface modifications of rice straws have been obtained with
alkali and enzyme treatments. A small amount of noncellulosic foreign materials has been removed. It has
been found from the decrease in the intensity of the peaks indicating carbonyl groups that a successful
hydrophilization process has been done and the roughness of the fiber surface has increased in this respect.
In addition, the obtained felt cloth has got a potential to be used as a reinforcement material in industrial
fields. By this mean, it is possible to establish a manufacturing facility to perform pretreatment on wasted
rice straws collected from the paddy fields and produce fibers. It can be heckled in cardingmachines present
in themarket and carding band can be obtained. Then, felt type nonwoven fabric can be produced by using
needle punch machines. Obtained felts can be used in Automotive, white goods industry, in buildings for
sound and thermal insulations, and can be used as a reinforcement material in the production of bio-
composite materials.

Funding

This work was supported by the Trakya University Scientific Research Projects Unit [2017/221].

ORCID

Vedat Taskin http://orcid.org/0000-0002-3013-2317

Figure 7. a) Carding band b) Display of needle punched felt cloth (1000x).

6 M. AGIRGAN AND V. TASKIN



References

Abdul Hamid, M. Z., N. A. Ibrahim, W. Zin Wan, Y. Md., K. Zaman, and M. Dahlan. 2010. Effect of grafting on
properties of oil palm empty fruit bunch fiber reinforced polycaprolactone biocomposites. Journal of Reinforced
Plastics and Composites 29 (18):2723–31. doi:10.1177/0731684409359218.

Akin, D. E. 2013. Linen most useful: perspectives on structure, chemistry, and enzymes for retting flax. Hindawi
Publishing Corporation ISRN Biotechnology Article ID 186534. 23 p. doi: 10.5402/2013/186534

Akin, D. E., B. Condon, M. Sohn, and J. A. Foulk. 2007. Optimization for enzyme-retting of flax with pectate lyase.
Industrial Crops and Products 136–46. doi:10.1016/j.indcrop.2006.08.003.

Chen, X., J. Yu, Z. H. Zhang, and C. Lu. 2011. Study on structure and thermal stability properties of cellulose fibers
from rice straw. Carbohydrate Polymers 85 (1):245–50. doi:10.1016/j.carbpol.2011.02.022.

Fahim, I. S. 2011. Experimental investigation of natural fiber reinforced polymers. American University in Cairo.
Scholl of Sciences and Engineering.

Foulk, J. A., D. E. Akin, and R. B. Dodd. 2008. Influence of pectinolytic enzymes on retting effects and resultant fiber
properties. Bioresources 3:155–69.

Foulk, J. A., W. Y. Chao, D. E. Akin, R. B. Dodd, and P. A. Layton. 2004. Enzyme-retted flax fiber and recycled
polyethylene composites. Journal of Polymers and the Environment 12:3. doi:10.1023/B:JOOE.0000038548.73494.59.

Gomes, A., T. Matsuo, K. Goda, and J. Ohgi. 2007. Development and effect of alkali treatment on tensile properties of
curaua fiber green composites. Composites Part A 1811–20. doi:10.1016/j.compositesa.2007.04.010.

Han, J., C. J. Branford-White, and L. Zhu. 2010. Preparation of poly (ɛ-caprolactone)/poly (trimethylene carbonate)
blend nanofibers by electrospinning. Carbohydrate Polymers 79 (1):214–18. doi:10.1016/j.carbpol.2009.07.052.

Liu, J., and C. Huang. 2013. Biodegradable composites from rice straw and cornstarch adhesives. Advance Journal of
Food Science and Technology 5 (1):41–45. ISSN: 2042-4868; e-ISSN: 2042-4876, © Maxwell Scientific Organization.
doi:10.19026/ajfst.5.3309.

Madhoushi, M. 2009. Withdrawal strength of fasteners in rice straw fibre-thermoplastic composites under dry and wet
conditions. Article in Polymer Testing. Elsevier. doi: 10.1016/j.polymertesting.2008.12.013

Mittal, V., R. Saini, and S. Sinha. 2016. Natural fiber-mediated epoxy composites - A review. Composites Part B
99:425–35. doi:10.1016/j.compositesb.2016.06.051.

Nallis, K. 2009. Comparative Study on the Properties of Rice Straw/Polypylene and Micaceous Clay/Polypropylene
Composites. Master of Science, University Sains Malaysia. https://core.ac.uk/download/pdf/32600185.pdf.

Nemr, M., Y. Shazly, A. Mubarak, and M. Zaki. 2015. Composites from rice straw and high density polyethylene:
thermal and mechanical properties. International Journal of Engineering Sciences 4 (4):57–64. ISSN: 2306-6474.

Prasad, R., M. Rao, and A. Kumar. 2006. Flexural properties of rise straw reinforced polyester composites. Indian
Journal of Fibres & Textile Research 31:335–38.

Qin, L., J. Qiu, M. Liu, S. Ding, and L. Shao. 2011. Mechanical and thermal properties of poly lactic acid composites
with rice straw fiber modified by poly butyl acrylate. Chemical Engineering Journal 166:772–78. doi:10.1016/j.
cej.2010.11.039.

Reddy, N., and Y. Yang. 2006. Properties of high-quality long natural cellulose fibers from rice straw. Journal of
Agricultural and Food Chemistry 54:8077–81. doi:10.1021/jf0617723.

Sudhakar, K., and C. Srinivas. 2014. Investigation of mechanical properties of rice straw fibre polypropylene
composites. International Journal of Engineering Research and Applications 4 (1) Version 2:182–87. ISSN: 2248-
9622 http//:www.ijera.com.

Wu, Y., D. Zhou, S. Wang, Y. Zhang, and Z. Wu. 2014. Polypropylene nano composite reinforced with rice straw fibril
and fibril aggregates. http//:www.intechopen.com

Yao, F. 2008. Rice straw fiber polymer composites thermal and mechanical performance. PhD diss., Louisiana State
University and Agricultural and Mechanical College.

Zhu, J., H. Zhu, J. Njuguna, and H. Abhyankar. 2013. Recent development of flax fibres and their reinforced
composites based on different polymeric matrices. Materials 6:5171–98. doi:10.3390/ma6115171.

JOURNAL OF NATURAL FIBERS 7

https://doi.org/10.1177/0731684409359218
https://doi.org/10.5402/2013/186534
https://doi.org/10.1016/j.indcrop.2006.08.003
https://doi.org/10.1016/j.carbpol.2011.02.022
https://doi.org/10.1023/B:JOOE.0000038548.73494.59
https://doi.org/10.1016/j.compositesa.2007.04.010
https://doi.org/10.1016/j.carbpol.2009.07.052
https://doi.org/10.19026/ajfst.5.3309
https://doi.org/10.1016/j.polymertesting.2008.12.013
https://doi.org/10.1016/j.compositesb.2016.06.051
https://core.ac.uk/download/pdf/32600185.pdf
https://doi.org/10.1016/j.cej.2010.11.039
https://doi.org/10.1016/j.cej.2010.11.039
https://doi.org/10.1021/jf0617723
http://http//:www.ijera.com
http://http//:www.intechopen.com
https://doi.org/10.3390/ma6115171

	Abstract
	Abstract
	Introduction
	Materials and methods
	Methods of analysis
	Result and discussion
	FTIR analysis
	SEM analysis
	Conclusions
	Funding
	References

