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Abstract. Ionic liquids (ILs) are introduced to improve the production of palm oil in industry in 

order to extract more thus lowering the oil losses. The main objective of this study is to 

investigate the potential of sulfate-based ILs in dissolving palm fruit cellulose. The interpretation 

study was done in lab scale by dissolving cellulose (that directly extracted from palm fruit) in 

ILs and percentage of cellulose dissolved is calculated based on weight percentage dissolved. 

The highest average percentage dissolving of cellulose was 10.67 wt% with condition 

concentration of sulfate-based ILs is 9000 ppm and the mixing time was two hours. In a nutshell, 

the higher concentration of ILs and more mixing time will achieve higher percentage of cellulose 

dissolved. 

 

1.  Introduction 

World production of palm oil, the most widely traded edible oil, has also seen significant leaps in 
production and planted areas; production had almost doubled from 1990 to 2001, with Malaysia and 

Indonesia contributing to most of the increased production. This had been achieved mainly by opening 

of new land for oil palm plantations [1]. Although the production was increased year by years, but the 

production counted many losses in term of residue oil that still left during pressing process and slightly 
in empty fruit bunch though trenching [2]. The highest mean is the oil loss in the pressed fiber and the 

lowest mean is the oil loss in the wet nut [3]. 

It can be seen the major of palm oil production was producing about 74 wt% for palm oil-based 
products, from food to cleaners to cosmetics. Huge production also comes with huge losses of palm oil 

by considering the amount of oil loss from 5 – 10 wt% during pressing step to be exactly. Hence, oil 

losses can be reduced during the pressing process by introducing the ionic liquids (ILs) as pre-treatment 
right before pressing of palm fruit. Perhaps by applying ILs before pressing process will breakup more 

oil cell within cellulosic structures of fresh fruit bunch for palm oil. Many researchers agreed that pre-

treatment was the key to unlock the recalcitrance of lignocellulose for cellulosic structure containing oil 

palm hence gives proof that using ILs can also help to dissolve the cellulose. In general, a palm oil mill 
extracts 20 wt% of oil from the fresh fruit bunch while also produces 23 wt% of empty bunch, 15 wt% 

of fiber, and 12 wt% of nut. Oil losses occur in various by-products, including the fiber, which remains 

after the mesocarp oil is extracted by a screw press [3-5]. In order to accommodate above palm oil 
problem, the objective in improving palm oil is to investigate potential sulfate-based ILs in dissolving 

cellulose whereas directly extracted from palm fruit. Several process parameters have been identified to 

evaluate the dissolution of palm fruit cellulose in sulfate-based ILs such as temperature, concentration 

and mixing time. 
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2.  Materials and Methods 

 

2.1.  Materials 
Cellulose fiber which directly extracted from the palm fruit was supplied by D3 Technology Solutions 

Sdn. Bhd. Pure 1-butyl-3-methylimidazolium methylsulfate ILs was prepared accordingly in Faculty of 

Chemical and Process Engineering Technology (FTKKP) Laboratory. 
 

2.2.  Breakdown of cellulose and dilution 

The cellulose fiber was separated and breakdown into powder before immersing in sulfate-based ILs 

namely 1-butyl-3-methylimidazolium methylsulfate. But before immersion process is taking place, the 
ILs was diluted into three different concentrations and the experiment was prepared for three different 

mixing times. After immersion, drying process was conducted to remove moisture from the sample for 

weighing purposes. 
 

2.3.  ILs dilution process 

Pure 1-butyl-3-methylimidazolium methylsulfate ILs was diluted using deionized water to obtain three 

different concentrations of 5000 ppm, 7000 ppm and 9000 ppm. The total of 6 ml each of diluted ILs 
were used to immerse cellulose powder for heating with stirring processes [6]. 

 

2.4.  Sample preparation 
Experiment was started with 0.05 g cellulose powder was added into 50 ml beaker contain 6 ml of 

diluted ILs solution. 150 ml of tap water as water bath was heat up until 70℃ using hotplate. Then the 

solution in the 50 ml beaker was placed into the water bath on the hotplate and the stirrer was adjusted 
at 800 rpm while the temperature remains at 70℃. The solution was placed in covered beaker to avoid 

contamination and impurities. The heating and stirring process was carried out for two hours (changes 

follow the time set). The solution was rinsed with 25 ml of deionized water before filtered using filter 

paper for 20 min. After that, rinsed process was proceeded to remove the remaining ILs. Then, the 
filtered sample was dried in an oven with the temperature of 70℃ for 24 hours and was put at room 

temperature for 20 min of cooling process. Bear in mind, the filter paper was weighed before filtering 

the solution to prevent error in mass change of cellulose. Then, the dried sample was weighed, and the 
data was recorded [7]. 

 

2.5.  Dissolution performance 
Change in mass of cellulose fiber was calculated after the drying process. The percentage dissolution 

was calculated using equation (1) below: 

Percentage dissolution (%) =
Weight Before (g)−Weight After (g)

Weight Before (g)
 𝑥 100                                                   (1) 

3.  Result and Discussion 

 
3.1.  Percentage of dissolution 

The percentage of dissolved cellulose fiber at various process parameters was summarized in table 1. 

The overall result obtained depicts the highest average percentage for dissolved cellulose at 9000 ppm 
ILs solution for two hours mixing time. In many studies with ILs, it was foreseen that both cation and 

anion plays great importance and responsible for the dissolution of cellulose especially for sulfate-based 

ILs [6]. 
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Table 1: Summary of cellulose dissolved percentage 

Concentration of ILs (ppm) Cellulose Dissolved (wt%) 

1 hour 

5000 1.4 

7000 5.8 

9000 8.8 

1.5 hours 

5000 4.4 

7000 8.4 

9000 10.8 

2 hours 

5000 7.0 

7000 10.4 

9000 12.4 

 

 

3.1.1 Effect of ILs concentration  
Based on figure 1 to 3, the ILs solution with concentration of 9000 ppm has better dissolution percentage 

compared to ILs solution with concentration of 5000 ppm and 7000 ppm. For ILs solution with 

concentration of 9000 ppm, the average dissolution percentage is 10.67 wt% higher compare to the other 
two ILs concentrations which merely has the average dissolution percentage of 4.27 wt% and 8.2 wt% 

for 5000 ppm and 7000 ppm, respectively. As the concentration of the ILs increases from 5000ppm to 

9000ppm, the percentage of cellulose dissolved also increased. The reason behind the improvement of 

electro spinnability of cellulose with the addition of ILs as solvent is that ILs penetrates into the gaps 
between the chains and the ILs enhancing the chain mobility due to weaker interaction with the chains. 

As a result, cellulose chains can be easily elongated and fibrillated during the process [7]. This can 

deduce that increased of concentration ILs brings high dissolution percentage of cellulose because the 
chain of cellulose become weaker after mixing with solvent [8]. 

 

 

  
Figure 1: Effect of ILs concentration for mixing time at 1 hour 
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Figure 2: Effect of ILs concentration for mixing time at 1.5 hours 

 

 
Figure 3: Effect of ILs concentration for mixing time at 2 hours 

3.1.2 Effect of mixing time 

Mixing time play an important role in determining the rate of cellulose fiber dissolved with ILs whilst 
mixed up together during allocation time. Based on the graphs shown in figure 4 to 6, mixing time for 

two hours recorded has the higher rate of cellulose fiber dissolved with the average of 9.93 wt% 

compared to the one hour with the average of 5.33 wt% and one and half hour with the average 
percentage of 7.87 wt%. The results showed that increasing of the mixing time for cellulose mixed up 

with ILs will increase the percentage of cellulose dissolved and the dissolution process generally 

occurred regarding on the variable of mixing time. Mixing time is important parameter because it 

significantly shows for substance to react with solvent and how long the time will decide the reaction 
time. From previous study done in 2017, which had identified the optimum time for the reaction between 

cellulose and different type of solvent is more than 2 hours at 90℃ [9]. 
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Figure 4: Effect of mixing time for cellulose dissolution at 5000 ppm of ILs concentration 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
Figure 5: Effect of mixing time for cellulose dissolution at 7000 ppm of ILs concentration 

 

 
 

Figure 6: Effect of mixing time for cellulose dissolution at 9000 ppm of ILs concentration 

 
4.  Conclusion  

In a conclusion, based on the two main parameters which are ILs concentration and mixing time, it 

shows that the highest percentage of cellulose fiber dissolution occurred for concentration at 9000 ppm 
during mixing time of two hours. A higher concentration of ILs solution needed for better cellulose fiber 

dissolution whereas required higher temperature and longer mixing time. The optimum temperature for 
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this experiment was set up at 70℃ because sample will evaporate to the atmosphere when conducting 

above 70°C. 
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