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ABSTRACT 

Red onion (Allium cepa L.) is considered one of the most commonly used vegetables in the culinary arts in Indonesia. 

It has many benefits, one of them is contain antioxidants that promote good health. Conventional cultivation of red 

onion is depended on the implementation of inorganic fertilizers to improve the production and the usage of synthetic 

pesticides to keep plants from pests attack. In this research, we was produced the NPK slow release fertilizer that 

formulated for red onion. In the process of synthesized the NPK slow release fertilizer, some main materials used to 

comply the need of nitrogen (N), phosphor (P), and potassium (K), were Urea, Diammonium Phosphate (DAP), and 

Potassium Chloride (KCl). Beside those materials, we was also used zeolite as a matrix to increase the characteristic of 

fertilizer. In the process of making NPK slow release fertilizer, we can used char as a material. Char that produced from 

the gasification process of empty fruit bunch (EFB) called as EFB char. It is a potential material as a potassium source 

that can be used in the making of NPK fertilizer. In this research, we was synthesized NPK fertilizer using EFB char as 

a alternate source of potassium that substitute the potassium chloride which was generally used in making NPK fertilizer. 

The aim of this research was to formulate and synthesize the NPK fertilizer for red onion using EFB char as a potential 

source of potassium and then characterize the fertilizer (surface area, pore volume, and morphology test) to analyse the 

effect of utilization EFB char and adding some material as micronutrient such as Mg (MgSO4 fertilizer) and S (ZA 

fertilizer) to improve the growth of red onion plant. 
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1. INTRODUCTION 

Red onion (Allium cepa L.) is considered one of the 

most commonly used vegetables in the culinary arts in 

Indonesia. It has many benefits, one of them is contain 

antioxidants that promote good health. Conventional 

cultivation of red onion is depended on the 

implementation of inorganic fertilizers to improve the 

production and the usage of synthetic pesticides to keep 

plants from pests attack [1].  

In this research, we was produced the NPK slow 

release fertilizer that formulated for red onion. In the 

process of synthesized the NPK slow release fertilizer, 

some main materials used to comply the need of nitrogen 

(N), phosphor (P), and potassium (K), were Urea, 

Diammonium Phosphate (DAP), and Potassium Chloride 
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(KCl). Beside those materials, we was also used zeolite 

as a matrix to increase the characteristic of fertilizer [2].  

Beside containing some main components and 

zeolite, NPK slow release fertilizer may contain some 

micronutrients to support the growth of red onion plant. 

That micronutrients including sulphur and magnesium. 

In the making process of fertilizer, there are some 

important nutrient that added such as nitrogen, 

phosphorus, zinc and sulphur. Sulphur is used to 

synthesize proteins, oils, chlorophyll, amino acids, 

vitamins and flavoured compounds in plants  [3]. Sulphur 

is one of the molecular building blocks for a number of 

proteins, hormones and vitamins. In the form of sulphate, 

sulphur fulfils an important role in the water equilibrium 

in the plant, as well as in the soil. A sulphur deficient 

plant will experience yellowing or pale green colouring 

throughout the plant. Overall plant development and 

growth will be stunted without enough sulphur in the soil. 

Lack of sulphur is becoming widespread due to 

continuous use of sulphur free fertilizers. High sulphur 

requiring crops along with the restricted or no use of 

organic manures have accrued in depletion of the soil 

sulphur reserve. Magnesium has a number of key 

functions in plants. Particular metabolic processes and 

reactions were influenced by Mg. Many essential plant 

functions require adequate Mg supplies, the most visible 

being its role in root formation, chlorophyll, and 

photosynthesis. Many less visible reactions are also 

dependent on an adequate supply of Mg [3]. 

In the process of making NPK slow release fertilizer, 

we can used char as a material. Char that produced from 

the gasification process of empty fruit bunch (EFB) 

called as EFB char. It is a potential material as a 

potassium source that can be used in the making of NPK 

fertilizer. [2].  

Indonesia becomes the highest worldwide crude palm 

oil (CPO) production in the world. During this process, it 

also produce the waste such as mesocarp fiber, shell, 

EFB, trunk, and palm oil mill effluent (POME) [4].  EFB 

provides potency which can be used as a potassium 

source in the process of making NPK fertilizer. The 

utilization of EFB was not still optimized yet to be 

developed. From the study about the composition of EFB 

char that was done by Sari et al. [5] indicated that EFB 

char can be utilized as potassium source because of its 

high concentration contain. So in this research, we was 

synthesized NPK fertilizer using EFB char as a alternate 

source of potassium that substitute the potassium chloride 

which was generally used in making NPK fertilizer. The 

purpose of utilization of EFB char because of its 

characteristic such as porous structure and a relatively 

large surface area which was important in loading of 

fertilizer materials and minimize the fertilizer loss to 

increase soil fertility [1].  

In the term of environmental issue, utilization of char 

to produce bio char-based fertilizer has been receiving 

increasing attention [6]. This bio char controlled the 

release of materials in soil because of its characteristic 

made a slow-release effect [7-10]. 

Therefore, we are absolutely sure bio char can be used 

as a fertilizer carrier to delay the release of nutrients into 

the soil, reduce fertilizer nutrient loss to leaching, and 

improve the utilization rate of fertilizer nutrients [11-12]. 

The aim of this research was to formulate and synthesize 

the NPK fertilizer for red onion using EFB char as a 

potential source of potassium and then characterize the 

fertilizer to analyse the effect of utilization EFB char and 

adding some material as micronutrient such as Mg 

(MgSO4 fertilizer) and S (ZA fertilizer) to improve the 

growth of red onion plant 

 

2. EXPERIMENTAL 

2.1. Materials 

In this study, we used Urea for nitrogen source, 

Diammonium phosphate (DAP) for phosphate source, 

EFB Char and Potassium Chloride (KCl) for potassium 

source, Mollases as binding agent, Zeolite as matrix, 

some micronutrient such as Magnesium from MgSO4 

fertilizer and Sulphur from ZA fertilizer. EFB was 

obtained from Puspiptek area in Serpong, and char was 

produced from gasification of EFB. While for Zeolite 

was obtained from Sukabumi, West Java and others raw 

materials from local market in Serpong [2]. 

2.2. Methods 

The NPK char fertilizer is made specifically for red 

onion with a formula containing 15% nitrogen, 10% 

phosphate, 11% potassium, 3% Magnesium, and 5% 

Sulphur (NPK Mg S 15-10-11-3-5). The materials were 

prepared according to the formulation for red onion plant. 

The raw materials: 145.91 g urea; 217.39 g DAP; 242.83 

g EFB char; 35.29 g MgSO4 and 208.33 g ZA fertilizer 

were crushed and sieved to obtain particles powder form. 

After that, the mixing and granulation process were 

carried out. In order to support the granulation process, 

the molasses was sprayed to help bind the particles of raw 

materials and form granules. That process then followed 

by the drying of granules fertilizer, as showed in figure 

below. 

 

Figure 1 The Process for Making NPK Char Fertilizer 

2.3. Characterization of Fertilizer 

The NPK char fertilizer were characterized including 

surface area and pore volume, and also morphology test. 
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2.3.1. Brunauer – Emmett – Teller (BET) Test.  

BET test was conducted to study the surface area and 

pore volume of fertilizer. The samples were tested 

according to ISO 9277 – 10 standard. In this research we 

also tested the commercial NPK fertilizer to compare the 

result and analyse the effect of using EFB char in NPK 

char fertilizer.  

2.3.1. Morphology Test  

In order to observe the morphology and structure, the 

fertilizer samples were tested by using Scanning Electron 

Microscope (SEM) equipment, SEM JEOL JSM-

6510LA type. The morphology of the fertilizers were 

important to investigate the effect of EFB char 

application on the structure of the fertilizer product 

compared to morphology of commercial NPK fertilizer. 

3. RESULT AND DISCUSSION 

 EFB was chopped into sizes of about 1 cm and put in 

the oven and put in the oven at a temperature of 100 oC 

for 2 hours in order to eliminate the moisture. After that, 

EFB entered the gasification reactor where the 

gasification process occured at temperature of 600 oC. 

The comparison of dried EFB and char resulted could be 

seen in the following figure. 

 

(a)           (b) 

Figure 2 (a) Dried EFB, (b) Char from EFB 

NPK char fertilizer was produced by using the raw 

composition stated in method and according to the 

process in the figure 1. The granulation stage was carried 

out to produce a fertilizer product in the form of a granule 

with a size of about 3 – 5 mm and followed by the drying  

process at 60 – 80 oC within 1 hour. This step was salient 

to produce dried granule fertilizer and prevent product 

damage due to its hygroscopic characteristic. The 

commercial NPK compared and product of NPK char 

fertilizer was shown in the figure 3. The physical 

appearance of the two fertilizers is very different where 

commercial NPK is pink while NPK char tends to be 

black due to the use of char as one of the raw materials. 

The high carbon content in the char causes the material 

to be difficult to stick during the granulation process so 

that it affects the form of the NPK char fertilizer 

produced. Thus the form of NPK char fertilizer produced 

is less round than the commercial NPK fertilizer. 

 

(a)           (b) 

Figure 3 (a) Commercial NPK, (b) NPK Char 

3.1. Morphology Test 

 A surface morphology study was performed on the 

NPK char fertilizer for red onion to observe the effects of 

EFB char utilization in NPK fertilizer for red onion. SEM 

analysis was performed to observe structural changes in 

NPK fertilizer. SEM images of NPK fertilizer for red 

onion were shown in Figure 3. All of the images were 

magnified 3000 times. Figure 4 (a) is SEM image for 

commercial NPK fertilizer and 4 (b) is SEM image for 

NPK char fertilizer. In figure 4 (a) it can be observed that 

morphological structure of commercial NPK fertilizer 

was more dense compared with figure 4 (b). In figure 4 

(b), morphological structure of NPK char fertilizer is 

more porous. It means that the utilization of EFB char 

make the fertilizer more porous. According to the 

reference [13], as we can see in figure 5, EFB char has 

the porous structure and with an even distribution of 

pores. The pores form an elongated structure with the 

smooth surface. This pores structure was formed as a 

result of the gasification or pyrolysis process at high 

temperature [13]. 

 

Figure 4a SEM images of Commercial NPK Fertilizer 
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Figure 4b SEM images of Commercial NPK Fertilizer 

 

    (a)T=350 0C         (b)  T=500 0C      (c)  T=650 0C 

Figure 5 The Morphology of EFB Char at Any 

Different Gasification Temperature 

The other phenomenon that was seen in figure 4 (b) is 

the morphological surface structure of NPK char 

fertilizer has a fairly rough surface due to the attachment 

of micronutrient materials on the surface of fertilizer. 

According to [14], that phenomenon also showed that the 

micronutrient materials were firmly stick to the char. 

 

Figure 6. SEM Image of Sulphate Loaded Surface 

Modified Nano Zeolite Fertilizer  

 

The adding of micronutrients in fertilizer 

formulation caused the surface morphological changes. 

Thirunavukkarasu and Subramanian in 2014 [15] had 

observed nano zeolite with surface modification that 

was used for carrier in order to produce nano zeolite 

based nano sulphur fertilizer. The SEM results showed 

in figure 6along with the result of our research (figure 4 

(b)), indicated some deposit of micronutrients that 

contain of sulphate. 

 

Table 1. BET Test of NPK Char Red onion vs Phonska 

Properties 
NPK Char 

NPK Phonska 
Red Onion 

Surface Area 2.37 m2/g 0.2869 m2/g 

Pore Volume 0.007669 cc/g 0.0000494 cc/g 

 

The BET test was carried out on 2 different types of 

fertilizers : NPK char for red onion and commercial 

NPK fertilizer (phonska). The results of BET test are 

given in table 1. From the results of the BET test, the 

value of the surface area of NPK fertilizer for red onion 

is higher about 8 times compared to commercial 

fertilizer (phonska). This is because the use of the EFB 

gasification char which has porous structure as shown 

by the SEM test results in figure 4 (b). This is in line 

with the pore volume value for NPK char fertilizer 

which also points to a higher value of 0.007669 cc / g. 

At higher bed temperatures during gasification process, 

pore surface area developed inside the char particle due 

to the removal of volatile matter in the material which 

then increasing the pores volume [16] as well as surface 

area. Moreover, that will also give good effect to the 

fertilizer [2] which is support the red onion growth 

where the well-developed pore structure and the high 

surface area of NPK char particles increased the 

adsorption capacity of fertilizer [17] as shown in table 1, 

so that NPK char fertilizers indicated the slow-release 

effect of nutrients in soil.  

4. CONCLUSIONS 

The results of this research showed that NPK 

fertilizer for red onions can be synthesized using EFB 

char from gasification. The utilization of EFB char made 

the fertilizer more dense and porous than commercial 

fertilizers. The addition of micronutrients in fertilizer 

formulation caused the surface morphological changes. 

From the results of the BET test, the value of the surface 

area and pore volume of NPK fertilizer is higher than 

commercial fertilizers.  
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