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ABSTRACT  

 

In agriculture, managing pests by applying pesticides to protect crops is one of the most 

crucial aspects. However, less than 1% of these pesticides actually come in direct contact 

with or are consumed by target pests. controlled-release was approaches of pest management 

that have been developed to target the needs of these different environments. In this study, 

the natural pesticide (Eugenol) was encapsulated in a Urea-Formaldehyde membrane using 

PVA surfactant. The encapsulation method used was the emulsification method using a 

stirrer speed from 500-1000 rpm with a PVA concentration of 0.5 - 1 gram and a Resorchinol 

concentration of 0.5 - 1 gram. Base on FTIR Result, Eugenol can be encapsulated in Urea-

Formaldehyde granules. The average diameter microcapsule was 0.44 µm. The maximum 

concentration of eugenol in water was 642.479 ppm within 8 hours. 
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1. Introduction 

Urea is one of the main sources of N used due 

to its high concentration (46% N) which allows 

concentrated formulations at a lower cost 

compared to other sources [1]. However this 

fertilizer shows lower efficiency than other 

nitrogen sources for a large number of plants in 

different soils and climates, due to different 

causes, such as evaporation of NH3 and its toxic 

effects on plants early in the vegetative period 

[2-3].  

These factors not only contribute to the 

reduction of the efficiency of urea, biomass 

products, and economic cultivation, but also an 

important source of environmental pollution. 

One alternative to reduce such losses is to 

reduce the hydrophility of urea, allowing its 

application as a slow-release fertilizer. Slow 

release of urea fertilizer can be done by making 

granules by reacting urea with formaldehyde 

[4].In agroindustry, Urea-Formaldehyde as a 

slow-release fertilizer, can act as a 

superabsorbent [5] and also slow-release 

control of pesticides [6]. Slow-release control 

of pesticides is carried out by encapsulating 
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pesticide compounds in urea-formaldehyde [7], 

In this research, factors that influence the 

formation of urea formaldehyde were studied, 

such as temperature, microcapsule formation 

time and stirring time. but some of the 

microcapsules produced were agglomerated. 

To produce urea formaldehyde microcapsules 

that did not agglomerate in this study, the stirrer 

speed factor in the formation of microcapsules 

was studied, the stirring speed could influence 

the agglomeration of urea formaldehyde 

microcapsules [8]. In addition, the addition of 

surfactant was studied for its effect on the 

agglomeration of urea formaldehyde 

microcapsules. To prevent agglomeration, 

surfactants such as Gum Arabic [9], Tween 40 

[10] and Polyvinyl Alcohol (PVA) [11 & 12] 

can be used.  

2. Material and Methods  

Equipment 

Equipment used in this study is the Overhead 

stirrer RW 20 Digital IKA, Impeller, 

Thermometer, microscope, filter paper, Mantel 

Heater, and three-necked flask. Microcapsule 

characterization using a digital camera koppace 

industrial microscope, Fourier transform 

infrared (FTIR) (FTIR Alpha II-Bruker), 

Scanning Electron Microscope (SEM) (Hitachi 

SU-3500). 

Materials 

The materials used in this study include Urea 

(Pupuk Indonesia), Formaldehyde (Technical 

Grade, CV. Chemical Indonesia Multi 

Sentosa), Eugenol oil (Giri Wangi), Resorcinol 

(Merck), Ammonium Chloride (Merck), 

Polyvinyl Alcohol (PVA) (Merck), and 

Aquadest. 

 
Method 

Aquades as much as 137 mL mixed with 10% 

PVA weighing 0.75 grams into a three-necked 

flask at a reaction temperature of 55 ºC at a 

speed of 300 rpm, stirring was carried out for 

10 minutes. Urea 5 grams, resorcinol 0.5-1 

grams, and ammonium chloride 0.5-1 grams 

was poured into a three-neck flask, stirring was 

carried out for 15 minutes. Eugenol oil 20 ml 

was introduced into the three-neck flask slowly. 

Stirring was carried out for 15 minutes. A total 

of 14 mL of formaldehyde was inserted into a 

three-necked flask. Stirring was carried out for 

150 minutes. The encapsulation results was 

separated using a centrifugation device for 20 

minutes at 4000 rpm. The results of the 

encapsulation that have been separated was 

rinsed using aquades as much as 8 repetitions to 

remove surfactants with pH 7 before drying at 

room temperature. Repeat steps for stirring 

speeds of 500 rpm and 800 rpm. The dry 

microcapsules was then tested for diameter size 

using a microscope and SEM, tested for 

functional groups using FTIR,. 

For Analysis of the size of the resulting 

microcapsule was carried out using a 

microscope. Diameter size testing followed 

Anggi et al in [13].  The diameter of the 

microcapsule was determined by observing 30 

droplets to calculate the average diameter. 

3. Results and Discussions 

 

FTIR testing was used to see the success of 

encapsulation Eugenol Oil in urea-

formaldehyde based on the functional groups. 

Based on  Figure 1, where in the microcapsule 

there is an -OH group (peak 3517.20 cm-1) and 

which is a group contained in eugenol peak 

(3326.9 cm-1) and which is the group contained 

in Eugenol Peak (3326.9 cm-1). This shift in 

peak values indicates that there is an interaction 

between eugenol and urea-formaldehyde. The 

same interaction also occurs in another research 



   
IC-TK-004            e - ISSN : 2810-0956 

Website : jurnal.umj.ac.id/index.php/icecream 

 

 

ICEREAM 2024  3 
Fakultas Teknik Universitas Muhammadiyah Jakarta, 30 April 2024 

where eugenol encapsulation by chitosan where 

the interaction between eugenol and chitosan 

causes a shift in peak values [14]. Based on 

Figure 1, the blue line is a microcapsule without 

eugenol, the red line is a microcapsule with 

eugenol and the black one is only eugenol. This 

proves that microcapsules with eugenol are well 

encapsulated because there is an -OH group 

where the group is also present in eugenol. 

  
Figure 1. Microcapsule FTIR Result 

4.  

The stirring speed affects the size of the eugenol 

oil during the emulsification process. In the 

research conducted by Maria et al in [8], the 

results of the average diameter of the 

microcapsules can be seen in Table 1. This 

suggests that there is an influence of mixing 

speed on the average diameter of the 

microcapsules from the encapsulation of 

eugenol oil in urea formaldehyde. The mixing 

speed of 300 rpm has a smaller average 

microcapsule diameter, 1.65μm. The decrease 

in the average diameter of microcapsules is in 

accordance with previous, which states that 

encapsulation with a mixing speed of 800 rpm 

results in a smaller microcapsule diameter, 

which is 0.44 μm. However, in order to obtain 

better self-healing performance, it is necessary 

to optimize the microcapsule diameter size of 

<50 μm which can be produced with higher 

mixing speeds or change the mass ratio of urea 

and formaldehyde used, and pH during the 

encapsulation process [8]. 

Table 1. Microcapsule Average Diameter 

 

The slow release function of microcapsules was 

tested  by immersing 1 gr of microcapsule 

granules in water, where the graph can be seen 

in Figure 2.  The slow release rate of eugeol oil 

increases over time until 8 hours where the rate 

stop. This is happened because the eugenol oil 

in the water is saturated where the 

concentration of eugenol oil within 8 hours is 

equal to the concentration of eugenol oil in 24 

hours. Research conducted by resercher in [14], 

showed the rate of release of eugenol oil from 

chitosan granules stopped in less than 50 

minutes. Anggi et al in [13], showed that the 

rate of eugenol release from PVA granules 

stopped in less than 40 hours. 

 

Strirring speed (rpm) Average Diameter (µm) 

800 0,44 

500 1,57 

300 1,65 

-OH

-OH
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Figure 2. Slow Release Eugenol in Water 

PVA concentration has no effect on 

agglomeration, when PVA concentration is 

increased, agglomeration still occurs as shown 

in figure 3. This is different from the research 

conducted by [15] to encapsulate walnut oil by 

urea formaldehyde, where the greater the PVA 

concentration, the agglomeration process does 

not occur. Similarly, the effect of resorchinol 

concentration, where when the concentration of 

resorchinol is increased, the microcapsule is not 

formed as shown in Figure 4. 

 

  

 

Figure 3. Microcapsule observation results, a. 

concentration 0.5% PVA, b. concentration 

0.5% resorchinol 
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Figure 4. Observation of microcapsules with 

SEM, a. concentration of 1% PVA, b. 

concentration of 1% resorchinol 

5. Conclusion  

In this study, base on FTIR and SEM Analisys 

eugenol can be encapsulated in urea 

formaldehyde granules wich diameter 

microcapsule is 0,44 µm. Concentration PVA 

and Resorchinol influence size microcapsule. 

The maximum concentration of eugenol in 

water of 642.479 ppm and constant at 8 hours. 
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