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Abstract: The aim of this research is to determine the 

properties of biodiesel from coconut oil using plug flow 

reactor (PFR) using potassium hidroxide (KOH) as catalyst. 

The experiments were conducted by flowing oil and the 

catalyst  into plug flow reactor continuously. The 

temperature of reaction at 60
0
C, variation of feed flow ( 10 

ml/min, 15 ml/min, 20 ml/min, 25 ml/min),  methanol ratio 

25% w/w oil and catalyst ratio 0,5% w/w oil.  The highest 

biodiesel yield at feed flow rate 25 ml/min was 86,53%. The 

density of Biodiesel was 880,04 kg/m
3
. The viscosity of  

biodiesel was 2,8 cSt. The Acid number of  biodiesel was 

0,228 mgKOH/g. Water content of biodiesel  was 7,189 %. 

Flash point of the biodiesel was 48 
0
C. From the analysis of 

biodiesel parameter, the biodiesel was meet the needs of 

Biodiesel Standard SNI 04-7182-2006 and closed to diesel 

fuel properties. 
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I. INTRODUCTION 

The energy demand for vehicle fuel in our country is 

increasing day by day. Majority of Indonesian vehicle fuels 

are met from fossil fuels.  Currently, mandatory use of 

biodiesel blending in Indonesia is 20% from diesel oil (B20). 

In 2025, the target of biodiesel blending increase to B30 [1]. 

Commonly, Indonesian biodiesel is made from palm oil.  

Besides palm oil, there are many biomass sources produce 

vegetable oil as biodiesel raw material that has the potential 

to be developed.  Coconut is one the renewable source 

produce vegetable oils  whose existence is easily available 

and abundant in Indonesia. It is widely growing tree, 

especially in coast area of the country. Indonesia is known as 

one of the largest exporter of coconut oil in the world [2]. 

Coconut oil like any other vegetable oils and animal fats 

are triglycerides with free fatty acid composition showed in    

Table-I, inherently containing glycerine [3]. Coconut oil is 

converted into biodiesel (metil ester) through the 

transesterification process (Figure 1) . The glycerine 

removed from biodiesel  by gravity separation. In some case, 

if the coconut oil contains impurities, then a thin layer 

formed in between the layer of biodiesel and glycerine [3]. 

Mostly, biodiesel production using simple apparatus 

equipped with heating mantel, or using Continous Stired 
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Tank Reactor (CSTR) [4]. In this research, the biodiesel 

production conducted in plug flow reactor (PFR) with KOH 

as catalyst. KOH catalyst was used in this research because it 

was more reactive than NaOH [5]. The reaction of 

alcoholysis of potassium hidroxide formed potassium 

methoxide as the catalyst in transesterification process [6]. 

 

Table- I: Free Fatty Acid Composition of Coconut Oil 

[7] 

Fatty Acid 
Composition 

(%) 

Hexanoat Acid 0,0067 

Laurate Acid 7,548 

Octanoat Acid 40,914 

Myristate Acid 22,026 

Palmitate Acid 13,625 

Oleat Acid 9,491 

Linoleat Acid 5,083 

Stearat Acid 0,637 

 

 

Fig. 1. Transesterification reaction  

Things that affecting the transesterification reaction are [8] 

: 

 Water and FFA  content : the oil must have acid 

number < 1 

 The ratio of alcohol with the oil : the stoichiometric 

ratio of oil and methanol is 1 : 3. But bigger ratio of 

methanol and oil increasing the biodiesel conversion 

 Catalyst selection : the appropiate catalyst provide 

maximum conversion of biodiesel 

 Temperature of reaction : the reaction can be carried 

out at the temperature 0f 35 – 600
 C 

II. MATERIALS AND METHODS 

The research experiments conducted in plug flow reactor in 

the form of a hose pipe along 10 m and 4 mm inner diameter 

of a hose pipe. Figure 2 showed the schematic of the 

experimental apparatus.  The reaction keeped at 60oC, the 

catalyst potassium hidroxide concentration ratio 0,5% w/w 

oil, and methanol ratio 25% 

w/w oil. The parameter of 

biodiesel product compared 

to SNI 04-7182-2006 
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standard for biodiesel and the diesel fuel chacarteristic.  

 

 

Fig. 2. Schematic apparatus (1) coconut oil tank, (2) 

pump, (3) catalyst tank, (4) hose pipe, (5) PFR, (6) Hot 

plate, (7) product, (8) statif, (9) thermometer  

III. RESULT AND DISCUSSION 

The feed flow rate can affect to biodiesel yield. From 

Figure 3, the higher feed flow rate  increased the biodiesel 

yield. Flow rate in the PFR associated to the intensity of 

stirring and residence time. So, the reaction run fast. [8]. 

The higher stirring speed will increased molecular 

movement and caused a collision [9]. The yield of 

biodiesel in this experiment is lesser than Saroso work [8]. 

This is because Saroso using a longer hose pipe as PFR 

than this experiment. It make the residence time in the 

plug flow reactor become longer than this experiment and 

more product of biodiesel produced, becaused the reaction 

run fast. This also affected to the properties of biodiesel 

produced in this experiment. The increasing feed 

flowrate, make the properties of biodiesel value 

differences each other (Table 2). Increasing  metanol ratio 

in transesterification reaction also make the properties of 

biodiesel (density, viscosity) decreased compared to the 

properties of the oil as a raw material the biodiesel [10].   

 

 

Fig. 3. Feed Flow Rate vs Biodiesel Yield 

 The value of biodiesel density showed in Figure 4 has 

decreased with increasing feed flow rate. If we compared to 

the density value of coconut oil  0,908-0,921 kg/m3 [10], the 

biodiesel density decreased and meet the SNI 04-7182-2006 

and diesel fuel characteristic. Transeseterification reaction 

can reduce the density by decreasing the length of carbon 

chain and increased skeletal bonding [11]. If the biodiesel 

density is greater than the standard of biodiesel, it will caused 

engine damage due to increased in engine wear and high 

emissions [12]. 

 
Fig. 4. Density of Biodiesel vs Feed Flow Rate (ml/s) 

 
Fig. 5. Viscosity of Biodiesel vs Feed Flow Rate (ml/s) 

The biodiesel viscosity also decreased when feed flow 

rate increase as shown in Figure 5. Transesterification 

reaction causes a decrease in triglicerides viscosity. This 

is due to the reducing molecular weight of triglicerides 

converted to methyl ester [13]. Viscosity becomes the 

main parameter n determning the quality of biodiesel, 

because has a big influence on the effectiveness of 

biodiesel as fuel. Higher viscosity of biodiesel causing 

atomized fuel into bigger droplet and it caused a problem 

in engine performance and make injection pump work 

harder to make the oil flowing [14]. 

The acid number also an important parameter show the 

effectiveness of transesterification reaction. When the 

acid number decrease in biodiesel, it is indicate the 

reaction produced methyl ester as biodiesel.  The catalyst 

has an important role in the reaction process [15]. When 

the catalyst ratio increase, methyl ester in the product also 

increased, and the acid number would be decreased as 

shown in Figure 6. It is because the free fatty acid in the oil 

converted into methyl ester. But if the use of catalyst is 

excessive, the biodiesel yield decreased [11]. It caused 

saponification reaction and produce an emulsion, and the 

transesterification reaction cannot occured. 

 
Fig. 6. Acid Number of Biodiesel vs Feed Flow Rate (ml/s) 
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Table-II shows the characteristic of biodiesel compared 

to SNI biodiesel standard and diesel fuel characteristic. 

The water content and flash point of the biodiesel do not 

meet the biodiesel standard and diesel fuel characteristic. 

The water content in biodiesel higher than the standard. It 

is because the catalyst is hygroscopic, if it exposed into the 

air it will cause a high water content . The flash point 

biodiesel lower than biodiesel standard and diesel 

standard. The biodiesel flash point has a higher than the 

diesel fuel flash point. The differences is related to the 

components present in each fuel [16]. The density, 

viscosity and acid number in biodiesel (Table II) meet the 

needs of SNI biodiesel standard and diesel fuel 

characteristic. 

IV.  CONCLUSION 

Biodiesel product having density of Biodiesel was 

880,04 kg/m3 – 889,24 kg/m3. The viscosity of  biodiesel 

was 2,8 – 3,3 cS. The Acid number of  biodiesel was 0,228 

– 0,789 mgKOH/g. Water content of biodiesel  was 7,189 

– 7,981 %. Flash point of the biodiesel was   34 - 48 0C. 

From the analysis of biodiesel parameter, the biodiesel 

was meet the needs of SNI 04-7182-2006 biodiesel 

standard and diesel properties. 

Table- II: The analysis of Biodiesel Parameter 

No Biodiesel Parameter 
Flow Rate (ml/s) 

SNI 04-7182-2006 Diesel Fuel 
10 15 20 25 

1  Density (kg/m
3
) 889,24 887,36 883,4 880,04 850-890 815-870 

2 Viscosity (cSt) 3,331 3,256 3,049 2,876 2,3-6,0 2,0-5,0 

3 
Acid Number       

(mg KOH/g oil) 
0,789 0,564 0,454 0,228 max. 0,8 max. 0,6 

 4 
Water Content (%) 

7,981 7,728 7,189 7,277 max. 0,05 
max. 500 

(mg/kg) 

5 
Flash Point (

0
C) 

37 34 45 48 
min. 100 (closed 

container) 
min. 52 
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