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Abstract. The main objective of this research is to utilize fiber waste from palm empty fruit 

bunch provided very abundant in Aceh. For that needs to be studied and researched other benefits 

are more valuable. Among them is a source of raw material to produce nanocrystalline cellulose 

(NCC), a material in nanometer dimensions which can be used as fillers or reinforcing a matrix 

in order to provide bio nanocomposites. NCC isolated from palm empty fruit bunch through the 

hydrolysis of sulfuric acid, using a solvent mixture of DMAC/LiCl, were passed on activated 

dialysis membrane after centrifuged to release it from solvent. NCC will be characterized include 

aspect ratio, morphology, thermal, structural test, and several other physical parameters. The end 

product is characterized by means of thermogravimetric analysis (TGA), Infrared Spectroscopy 

(FTIR), X-Ray Diffraction (XRD), Differential Scanning Calorimetry (DSC) and Scanning 

Electron Microscopy (SEM). From XRD and FTIR analysis showed that the nanocrystalline 

cellulose formed was Nano cellulose I with an average size of 72 nm. DSC and TGA thermal 

test showed that the glass transition, melting point, and decomposition temperature of NCC were 
109.59 o C, 191.28 ° C, 210 oC, respectively. 

1.  Introduction  

Cellulose is a sustainable and renewable natural material. Nanocomposite fibers and materials 

nanoselulosa attracted much interest due to extraordinary changes in the nature [1]. As reinforcement in 

composite material components, this natural fiber has its advantages such as a renewable, recyclable and 

can be biodegradable in the environment. In addition, natural fibers have good mechanical properties 

and less expensive than synthetic fibers. Simultaneously, production of crude palm oil (CPO) in the 

ground water is estimated to reach 13.6 million tons per year and as a result of the processing side of 

fiber to be obtained from the solid waste munitions and fiber seed, reached 20 million tons per year [2]. 

These properties make nano fibers are very promising materials for the composites industry, automotive 

materials, pulp and paper, electronics and other industries. 

2.  Methods 

2.1.  Material  

Palm empty fruit bunches (EFB) fibers from  Palm Oil Research Center, Medan (Indonesia). Reagents 

used are: nitric acid, sodium nitrite, sodium sulphite, sodium hydroxide, sodium hypochlorite, 

hydrochloride acid, sulphuric asid, dimethyl acetamide, litium chloride (analytical grade).title. 
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2.2.  Methods  

 Provision of Oil Palm Fiber Empty Bunches (EFB) 

 Delignification process-Bleaching [3] 

 Hydrolysis processes (manufacture of microcrystalline cellulose) [4] 

 Dispersion process (Making Nanocellulose) surname [5] 

3.  Results and discussions 

Figure 1 shows the physical aspects of the original EFB fiber and figure 2 after bleaching with peroxide 

solution and alkaline solution.  

 

Figure 1. Original empty fruit bunch fiber.  

 

Figure 2. Empty fruit bunch fiber after bleaching. 

XRD analysis performed to determine the crystallinity, also called the degree of order. X-ray diffraction 

pattern of fibers and bleached EFB after a microcrystalline fiber is shown in figure 3 and 4. 
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Figure 3. X-ray diffraction pattern of fibers and bleached EFB. 

 

Figure 4. X-ray diffraction pattern of microcrystalline fiber. 

 

Figure 5. Morphology crystalline EFB. 
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Figure 6. Morphology microcrystalline EFB. 

 

Figure 7. Morfologi nanocrystalline EFB. 

Both difraktogram featuring a mixture of cellulose polymorphs (typical peaks at 15O and 22.6O) [6]. The 

percentage of crystallinity for bleached fibers after TKS was 75%, whereas for microcrystalline was 

86%. Increase in crystallinity of cellulose fibers with microcrystalline cellulose bleaching results 

showed that the hydrolysis process in the formation of microcrystalline cellulose is complete [7,8].  

Figure 5 shows the morphology of cellulose fibers with SEM EFB. 5 is an image of microcrystalline 

cellulose, microcrystalline image 6 hydrolysis results with sulfuric acid and microcrystalline image 7 is 

treated with lithium chloride-dimethyl asetamida.  
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Results after acid hydrolysis of microcrystalline cellulose is 30% of initial weight. This is because 

the remaining amorphous microcrystalline separated during the hydrolysis. Also seen that the 

microcrystalline released during the process of washing / neutralization. 

Meanwhile, the handling of microcrystalline cellulose in lithium chloride-dimethyl asetamida deliver 

nearly three times the initial weight of microcrystalline, the possibility of compound formation between 

microcrystalline cellulose with dimethyl asetamida / lithium chloride. 

4.  Conclusion 

EFB fiber can be a source of cellulose for the manufacture of microcrystalline cellulose. EFB fibers can 

be bleached with solvents that are less aggressive to the environment (and alkaline peroxide solution). 

From the results of the XRD analysis, it appears that the resulting fibers are pure mikroselulosa (there 

is only one peak), while from the SEM analysis, the resulting fibers measuring 72 nanometers, but has 

not been uniform.  

Need for additional research to optimal operating conditions, in order to obtain the cellulose fibers 

from EFB fibers in a uniform nano size. 
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