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ABSTRAK

Dewasa ini, masalah lingkungan khususnya pencemaran tanah akibat limbah atau sampah anorganik yang tidak terurai menjadi masalah utama dan perlu diselsaikan khususnya di negara berkembang dengan populasi yang tinggi seperti di Indonesia. Salah satu penyebab masalah pencemaran tanah adalah penggunaan serat anorganik seperi serat gelas dan serat karbon. Penggunaan material yang tidak ramah lingkungan di industri akan menimbulkan permasalahan lingkungan akibat dari ketidakmampuan alam untuk mengurai material serat gelas tersebut di alam. Fokus pada penelitian ini adalah untuk mengurangi pencemaran lingkungan dengan penggunakan serat alami seperi serat abaka sebagai alternatif pengganti serat anorganik. Hal ini dikarenakan sifatnya yaitu: densitas yang rendah, kekuatan spesifik yang baik, harga murah, dan memiliki kemampuan biodegradable yang tinggi sehingga dapat mengurangi limbah serat gelas atau serat karbon yang tidak terurai. Untuk mendukung hal tersebut, serat abaka perlu diubah sifatnya menjadi hidrofobik sehingga menjadi kompatibel dengan material lain ketika digabungkan bersama dengan material lain. Salah satu cara yang dapat dilakukan adalah dengan perlakuan kimia alkali dan asetilasi menggunakan KOH dan CH3COOH. Perlakuan kimia dilakukan dengan mencelupkan serat pisang abaka ke dalam larutan senyawa alkali dan senyawa asetilasi KOH dan CH3COOH dengan konsentrasi 5 M dan 10 M selama 4 jam. Setelah dilakukan perlakuan kimia, serat pisang abaka tersebut dilakukan karakterisasi sifat mekanik dengan menggunakan standar ASTM D 3379 untuk mengetahui kuat tarik serat dan menggunakan mikroskop optik untuk mengetahui struktur mikro dari serat abaka tersebut.
Kata kunci: kuat tarik serat, mampu terurai, morfologi permukaan, perlakuan alkali, perlakuan asetilasi, serat abaka
ABSTRACT

Today, environmental problems, especially soil pollution due to inorganic waste or waste that does not decompose, are a major problem and need to be solved, especially in developing countries with high populations such as Indonesia. One of the causes of soil pollution problems is the use of inorganic fibers such as glass fiber and carbon fiber. The use of materials that are not environmentally friendly in the industry will cause environmental problems due to nature's inability to decompose the glass fiber material in nature. The focus of this research is to reduce environmental pollution by using natural fibers such as abaca fiber as an alternative to inorganic fibers. This is due to its properties, namely: low density, good specific strength, low price, and a high biodegradable ability so that it can reduce glass fiber or carbon fiber waste that does not decompose. To support this, abaca fiber needs to be hydrophobic so that it becomes compatible with other materials when combined together with other materials. One of the ways that can be done is by alkaline chemical treatment and acetylation using KOH and CH3COOH. Chemical treatment was carried out by dipping abaca banana fibers into a solution of alkaline compounds and acetylated compounds KOH and CH3COOH with a concentration of 5 M and 10 M for 4 hours. After chemical treatment, the abaca banana fibers were characterized for mechanical properties using ASTM D 3379 standards to determine the tensile strength of the fibers and using an optical microscope to determine the microstructure of the abaca fibers.
Keywords: abaca fiber, acetylation treatment, alkali treatment, degradability, fiber tensile strength, surface morphology
1. INTRODUCTION
Nowadays, the use of inorganic fibers such as glass fiber is increasing, especially in the automotive and construction industries, but due to its non-biodegradable nature, it causes soil pollution due to the increasing volume of glass fiber waste. This problem can be solved by using natural fibers as a substitute for glass fibers. Natural fiber is a renewable biological material derived from natural resources and has several advantages, including low density, good specific strength, low price, and high biodegradable ability (A et al., 2017). Natural fibers consist of animal and biological fibers, such as wood fiber, kenaf, jute, cotton, coconut husk, areca nut, pineapple leaf, sisal, hemp, banana leaf fiber, and bamboo (Kusuma et al., 2021).
Actually, natural fibers have been widely used in traditional applications, including as raw materials for making brushes, brooms, sewer filters, water filters, foot mats, and others. In addition, the use of natural fibers as a substitute material for synthetic fibers which are later used as reinforcing materials in the manufacture of composite materials has many advantages, such as being able to decompose in nature, having good mechanical properties, available in nature in large quantities, and lightweight (Chalid & Prabowo, 2015).
Biofibers belong to the type of lignocellulose which consists of lignin, hemicellulose, cellulose, pectin, and wax structures (Yan et al., 2014). In general, natural fiber content consists of 60-80% cellulose, 6-22% hemicellulose, and 0.6-13% lignin (Nurjannah et al., 2020), while abaca fiber has a cellulose content of 56-63%, hemicellulose 15-17%, lignin 7-9%, and ash 3% (Kenned et al., 2021). The high cellulose content in abaca fiber makes abaca fiber very potential as a reinforcing material in composite materials because it has good mechanical properties and is environmentally friendly. In addition, based on data from the Central Bureau of Statistics (2022), Indonesia's banana production reached 8.74 million tons and Central Java ranks 4th as the largest banana-producing province in Indonesia. This is because all parts of the plant can be utilized as food, clothing, and shelter. 
Banana leaf fiber is a fiber taken from banana stems (Ismojo et al., 2019). Banana waste in the form of stems is produced from plantations and is a source of biomass because of its cellulose content which can be isolated and used as raw material for cellulose fibers (Yannasandy et al., 2017). Based on this, to reduce waste and also awareness of the environment, banana waste is used as a natural fiber to replace synthetic fibers that can be recycled and are environmentally friendly (Ismojo et al., 2018) because plant waste fibers contain composition, properties and structures that are suitable for use as fibers in composites (Sampathkumar et al., 2012).
The shortcomings of natural fibers, which are hydrophilic due to the presence of hemicellulose, lignin, and pectin content, make the reinforced composite material less good in its mechanical properties because it will cause low compatibility between the composite matrix which is hydrophobic (Kabir et al., 2012). In order to minimize this impact, natural fibers are subjected to a chemical treatment. Chemical treatments that can be given to abaca fibers include alkalinization chemical treatment with hydrolysis chemical treatment.

Alkalinization chemical treatment is a process of modifying the fiber surface with the aim of increasing the compatibility value between natural fiber and polymer matrix. The method carried out is by dissolving and soaking natural fibers with alkaline solutions, such as NaOH or KOH so that the results of alkalinization chemical treatment are reduced hydrophilic properties of fibers and increased compatibility with the composite matrix (Wang et al., 2007). The acetylation treatment process on natural fibers uses the addition of reagents with acetyl groups (CH3CO) such as; acetic acid (CH3COOH) and acetic anhydride (CH3CO)2O. There is a reaction between acetyl groups and cellulose fibers, as well as a reaction to remove the content of hydroxyl groups which results in reduced hydrophilic properties / reduced water absorption in natural fibers (Ali et al., 2018). 
2. RESEARCH METHODOLODY
The material used in this research is Abaca Fiber obtained from the Traditional Market in Bogor, West Java. While chemicals in the form of KOH and CH3COOH were purchased from a chemical store in Sleman, Yogyakarta. First, the fibers were cut and then cleaned using distilled water until the PH became neutral and at the same time to clean the fibers from dust and impurities. Then, the fibers were immersed into a 5 M KOH solution for 4 hours, Then, the fibers were dried using an oven and washed with distilled water so that the fibers became neutral, Next, the fibers were re-immersed using a 5 M CH3COOH solution for 4 hours. Finally, the fibers were washed using distilled water until neutral and dried using an oven. After that, the same procedure was carried out for abaca fibers using chemicals with a concentration of 10 M. Samples that are ready will be tensile tested based on ASTM D 3379 with a universal testing machine (UTM) located at the Material Engineering Laboratory, Sumatra Institute of Technology. The process of strain rate on the sample is constant which is maintained at 10 mm/min, while the fiber surface morphology/macro structure is observed using an optical microscope at the Engineering Materials Laboratory, Department of Mechanical and Industrial Engineering, Gadjah Mada University.
3. RESULT AND DISCUSSION
Tensile test data using ASTM D 3379 was carried out on five trials using a UTM tensile testing machine. Obtained tensile strength data which can be seen in Figure 1. 
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Figure 1: Tensile Strength of Abaca Fiber

Figure 1 shows that the tensile strength value of abaca fiber increased after chemical treatment with immersion in KOH and CH3COOH solution for 4 hours. Before chemical treatment, the tensile strength value of the fiber was 270.9 MPa. Then after chemical treatment with immersion into a 5 M KOH solution for 4 hours and then continued with immersion into a 5 M CH3COOH solution for 4 hours as well, the tensile strength value of the fiber increased to 353.2 MPa. The same thing also happened when the fiber was immersed into a 10 M KOH and CH3COOH solution for 4 hours, an increase occurred so that the tensile strength value of the fiber became 347.1 Mpa. This is also in line with the increase in fiber stiffness modulus value which increases as seen in Figure 2.
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Figure 2. Young Modulus of Abaca Fiber
Figure 2 shows the increasing stiffness modulus value, while no chemical treatment has been conducted, the stiffness modulus value of the abaca fiber is only 4.2 GPa, while when soaking with 5 M KOH solution for 4 hours and soaking using 5 M CH3COOH solution for 4 hours as well, the stiffness modulus value increases significantly to 6.54 GPa. And finally the increasing number of stiffness also occurred when the concentration of the chemical solution used was 10 M, the increase that occurred was 7.46 GPa. The increase in both stiffness modulus and tensile strength occurs as a result of reduced content in the fiber such as lignin and hemicellulose which form amorphous areas in the fiber which will result in the fiber surface becoming rough because there is only cellulose in the crystalline fiber structure.

This can be seen in Figure 3 which shows the fiber surface before and after chemical treatment with both KOH and CH3COOH solutions.
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Figure 3. Abaca fiber surface morphology before (i) and after (ii) alkalinization and acetylation
As seen in Figure 3, the surface of abaca fibers before soaking in KOH and CH3COOH solutions looks dull due to a lot of lignin and hemicellulose content, but when chemical treatment has been carried out, the fiber surface looks brighter because the lignin and hemicellulose content is reduced. This causes an increase in the mechanical properties of both tensile strength and stiffness modulus of the fiber.
4. CONCLUSIONS
The results of the study can be concluded that the tensile strength and stiffness modulus of abaca fiber have increased. Tensile strength and stiffness modulus increased along with the increase in concentration of KOH and CH3COOH solution from 5 M to 10 M. The increase occurred due to the reduction of lignin and hemicellulose content which in micro section showed that the fiber surface morphology looked brighter. 
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