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Abstract 

 
Nyamplung oil (Calophyllum inophyllum L) can be converted into green diesel by the catalytic deoxygenation 

method. Bimetallic catalyst NiAg supported by hierarchical natural zeolite (NiAg/ZH) can be used in this method. 

This study aims to determine the characteristics of the NiAg/ZH catalyst and the optimal conditions for the catalytic 

deoxygenation of nyamplung oil into green diesel. The NiAg/ZH catalyst was synthesized by wet impregnation 

with a total metal concentration of 10% and a mass ratio of Ni/Ag of 4. X-Ray Diffraction, Surface Area Analyzer 

and NH3-TPD characterized the catalyst. Catalytic deoxygenation of Nyamplung oil was carried out by varying 

the temperature (325, 350 and 375 °C) and reaction time (1, 2 and 3 hours) with a catalyst dosage of 5%. The 

composition of the product was analyzed using Gas Chromatography-Mass Spectroscopy. The catalyst XRD 

spectrum showed a peak at 2θ = 22.38° (clinoptilolite zeolite), 44.42° (Ni) and 38.21° (Ag). The surface area of 

the catalyst is 46.7024 m2/g, the pore volume is 0.0813 cc/g, the average pore diameter is 6.9632 nm, and the 

deposit is 1.6882 mmol/g. The optimum catalytic deoxygenation of nyamplung oil was obtained at 350 °C and 3 

hours with a gasoline selectivity of 3.51%, kerosene 4.73%, and 62.02% green diesel. 
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1. INTRODUCTION 
The primary energy source generally 

used is petroleum. Because it is non-renewable 

so decreases its reserves. The data on petroleum 

reserves in Indonesia reported that in 2016, 

reserves reached 7250 Million Stock Tank 

Barrels (MMSTB), while in 2020, they fell to 

4170 MMSTB (Adriawan et al., 2020). Fossil 

energy is also one of the most significant 

contributors to greenhouse gas emissions (CO2) 

that cause global warming and climate change 

(Hongloi et al., 2021). In addition, gas 

emissions like nitrogen, sulfur, volatile 

compounds and other particles are also 

produced (Karavalakis et al., 2016). This 

condition is a trigger to develop alternative 

energy that is renewable and environmentally 

friendly. Biofuels are one of the most promising 

alternative energy. The renewable standards 

(especially those derived from plants) and the 

resulting gas emissions are more 

environmentally friendly than petroleum. Plants 

in photosynthesis can reuse CO2 gas resulting 

from combustion. Gas emissions like nitrogen, 

sulfur, and volatile compounds are almost non-

existent. 

 First-generation biofuels such as 

biodiesel have begun to be developed and have 

even been commercialized. In Indonesia, 

biodiesel is marketed as a mixture of diesel with 

a concentration of 30% (B30). Biodiesel is 

produced from the reaction of vegetable oil 

transesterification or fatty acid esterification. 

Structurally, biodiesel is classified as an 

oxygenate compound (Zhang et al., 2022). It 

leads to lower quality than petroleum diesel, 
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such as calorific value and low thermal stability, 

high NOx emissions, and compatibility with 

limited diesel (Kordulis et al., 2016; 

Hosseinzadeh-Bandbafha et al., 2018; 

Murnieks et al., 2016). Using biodiesel in diesel 

engines also causes problems such as clogged 

filters, corrosion, and sediment buildup in fuel 

pumps due to chemicals used during the 

transesterification reaction (Kordulis et al., 

2016; Gamal et al., 2020). Green diesel is 

emerging as the second generation of biofuels 

that can overcome the disadvantages of 

biodiesel. Green diesel has properties that are 

very similar to diesel from petroleum because it 

is a hydrocarbon compound. The oxygen 

element is almost absent, and the cetane number 

and thermal stability are higher (Kamaruzaman 

et al., 2020). Green diesel can be used entirely 

in diesel engines without requiring engine 

modification (Khalit et al., 2022). 

One raw material that can be converted 

into green diesel is nyamplung oil 

(Trisunaryanti et al., 2020). This oil is extracted 

from nyamplung fruit seeds, where the oil 

content is quite high, around 40-73% (Atabani 

& César, 2014). In addition, the productivity of 

nyamplung seeds is higher than other plants, 

namely around 20 tons/ha/year, where the 

castor is only 5 tons/ha/year and palm 6 

tons/ha/year (Leksono et al., 2012). It causes 

nyamplung oil to be potentially used as a raw 

material for green diesel. Synthesis of green 

diesel from vegetable oils can be carried out by 

the catalytic deoxygenation method. This 

method can use hydrogen 

(hydrodeoxygenation, HDO) or without 

hydrogen (deoxygenation, DO). In terms of 

economy, deoxygenation is more profitable 

than HDO because additional reactants in the 

form of hydrogen gas are not used (Gamal et al., 

2020). The energy required is also lower than 

HDOs that use high temperatures to ensure the 

reaction takes place perfectly. In addition, the 

reactor needed does not require high pressure 

like HDO (Baharudin et al., 2020). In 

deoxygenation, all oxygenate compounds 

(vegetable oils) are converted into 

hydrocarbons through decarboxylation and 

decarbonylation reactions (Hafriz et al., 2018). 

The role of catalysts is decisive in this 

conversion. 

Various types of catalysts have been used 

in the conversion of nyamplung oil into biofuels, 

such as CoMo with SiO2 and γ-Al2O3 supports 

(Rasyid et al., 2015), CoMo/γ-Al2O3 oxides 

(Trisunaryanti et al., 2020) and NiMo/γ-Al2O3 

(Prasetyo et al., 2018; Febriyanti et al., 2020). In 

general, the catalysts used are transitional metal 

groups that have been proven to have the best 

catalytic activity due to the presence of unfilled 

d orbitals that can increase the acidity of the 

catalyst. This study used a natural zeolite-

backed NiAg catalyst to deoxygenate 

nyamplung oil (without hydrogen gas) into 

green diesel. Nickel catalysts have high catalytic 

activity and almost match precious metal 

catalysts, with low prices and long lifetimes 

(Zheng et al., 2019). Nickel is also smaller than 

other transition metals, making it easier to 

distribute within the catalyst support. Adding 

silver (Ag) promoters is expected to increase the 

catalytic activity of Ni. Silver has high chemical 

stability, excellent optical properties, and 

conductivity. Furthermore, it enhanced 

antibacterial properties (Tsuji et al., 2006). The 

price of silver is also lower than other precious 

metals (gold, platinum, ruthenium, and 

palladium). 

Using natural zeolite as a support is 

expected to reduce process costs because it is 

cheaper than synthetic supports such as γ-Al2O3 

and SiO2. Natural zeolite has also been shown to 

be capable of various catalytic deoxygenation 

reactions due to its porous surface that can be 

modified into a hierarchy and the availability of 

acidic sites on its surface (Aziz et al., 2021; Zikri 

et al., 2021). Natural zeolite's weakness is its small 

surface area and pore size (Susanto et al., 2014), 

but this can be overcome by desilication (Fauzi et 

al., 2019). Desilication can produce hierarchical 

zeolite with two pore sizes (micro and meso) and 

a larger surface area (Xiao et al., 2015; Kadja et 

al., 2013). NiAg/ZH catalysts were synthesized 

using wet impregnation and characterized using 

XRD, SAA, and NH3-TPD. Catalytic 

deoxygenation of nyamplung oil is carried out in 

batches by varying the temperature and reaction 

time to produce optimum green diesel selectivity.  

  

2. MATERIALS AND METHODS 
Materials and Tools 

Natural zeolite is obtained from CV. 

Minatama Lampung, nyamplung oil from CV. 

Akuna Jaya Sejahtera, all precursors are derived 

from Merck (nickel nitrate hexahydrate pa, 

silver nitrate pa, sodium hydroxide pa, and 

ammonium acetate pa). The pieces of 

equipment used are a set of stainless steel 

reactors, X-Ray Diffraction (XRD) Shimadzu 

type 7000, Surface Area Analyzer  (SAA) 
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Quantachrome NovaWin, NH3-TPD type 

Chemisorb 2750 (USA), and Gas 

Chromatography-Mass Spectroscopy (GC-MS) 

Shimadzu QP 2010.   

 

Synthesis of NiAg/ZH Catalyst 

Natural zeolite is mashed, then washed 

using distilled water until the water is clear, and 

dried at 100 °C for 12 hours. The obtained 

zeolite took as much as 10 grams mixed with 

200 mL of NaOH 0.5 N and heated for 2 hours 

at 75 °C. Then zeolite was washed to neutral pH 

using distilled water and dried at 100 °C for 12 

hours (Fauzi et al., 2019). The zeolite was 

mixed with an NH4CH3COO 1 M in a three-

neck flask and crushed for 4-5 hours at 90 °C. 

The resulting zeolite is washed with distilled 

water to a neutral pH and dried at 100 °C 

overnight. The zeolite was then calcined for 3 

hours at 450 °C to produce a hierarchical natural 

zeolite (ZH) (Aziz et al., 2021). Nickel nitrate 

and silver nitrate with a total metal content of 

10% w/w and a ratio of Ni/Ag of 4, dissolved in 

20 mL of aqueous. Then added into the zeolite 

hierarchy, stirred for 3 hours at room 

temperature, dried at 60 °C for 12 hours, and 

calcined at 450 °C for 5 hours. Then it was 

reduced with H2 gas for 4 hours at 500 °C so 

that a NiAg//ZH catalyst was formed 

(Estephane et al., 2015). The catalyst was 

characterized using the Shimadzu 7000 X-Ray 

Diffraction (XRD) with CuKα monochromatic 

radiation (λ = 1.54056) at a speed of 2°/min and 

an angle of 2θ from 2-80°. The acidity of the 

catalyst was analyzed using NH3-TPD type 

Chemisorb 2750 (USA), and surface area, pore 

diameter, and pore volume using a Surface Area 

Analyzer (Quantachrome NovaWin). 

 

Catalytic Deoxygenation of Oil into Green 

Diesel (Aziz et al., 2021) 

10 mL of nyamplung oil and 0.5 g of 

NiAg/ZH catalysts is fed into the reactor. The 

reactor heater is turned on, and when the 

temperature reaches 350 °C, the reaction time 

begins to be calculated. The first parameter to 

vary is the temperature (325, 350, and 375 °C) 

with a constant parameter of 2 hoursreaction 

time. After the reaction, the heater is turned off, 

and the reactor is cooled. The resulting product 

(liquid) is removed from the reactor, filtered to 

separate the catalyst, and then analyzed using 

GC-MS Shimadzu QP 2010. From the results of 

GC-SM, biofuel compounds can be grouped 

into gasoline (C 5-12), kerosene (C13-14), and 

green diesel (C15-18) (Istadi et al., 2020). The 

selectivity of the resulting biofuel fraction was 

determined using equation (1) (Ashokkumar et 

al., 2018). 

 

Selectivity =
Area of product

∑ Areas of all product
 x 100% (1) 

 

3. RESULTS AND DISCUSSION 
Characteristics of NiAg/ZH Catalysts 

Characterization using XRD is intended 

to determine the crystallinity of a NiAg/ZH 

catalyst. In Figure 1, you can see the 

diffractogram pattern of the catalyst after the 

decilication, activation, and impregnation of 

metals in the natural zeolite. The crystalline 

phase of natural zeolite is still preserved. It is 

evident from the appearance of the peak at 2θ = 

9.84°, 11.24°, 22.40°, 28.12°, and 32.01°, a 

typical peak of clinoptilolite zeolite (JCPDS  

00-025-1349; Aziz et al., 2019; Rahmani et al., 

2015). Another peak that appears is at 2θ = 

44.42°, 52.68°, and 76.26°, which is the peak of 

the Ni metal. Rashad et al. (2021) also 

confirmed that the Ni metal was detected at 

peak 44.50°, 51.90°, and 74.60° (JCPD 03-065-

0380). While the Ag metal was detected at the 

peak of 2θ = 38. 21o and 64. 01o (Dong et al., 

2021). NiO peaks at 43.0°, 63.0°, 75.0°, and 

79.0° (Satriadi et al., 2022) was not detected in 

catalysts. It indicates that NiO reduction 

proceeded perfectly. The Difractogram pattern 

of the NiAg/ZH catalyst suggests that the Ni and 

Ag metals were successfully impregnated on the 

surface of the hierarchical natural zeolite 

support. 

 

 
Figure 1. NiAg/ZH catalyst diffractogram pattern 

 

The Brunaeur-Emmet-Teller (BET) 

analysis on the catalyst showed that the surface 

area of the catalyst decreased after deciliation, 
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activation, and impregnation of the metal to 

46.7024 m2/g. Previously, Lampung natural 

zeolite had a surface area of 51.9 m2/g (Susanto 

et al., 2014). This decrease is due to the metal 

impregnation covering the pores of the catalyst, 

which is micro-sized so that the surface area is 

reduced. Aziz et al. (2021) also got the surface 

area of the NiMo/ZH catalyst decreased much 

larger to 22.91 m2/g. In this study, the synthesis 

of hierarchical zeolite was only carried out in 2 

stages, namely decilication and activation. At 

the same time, Aziz et al. (2021) used 3 stages 

(activation, deciliation, and activation) to 

produce different characteristics. The surface 

area of NiAg/ZH catalyst micropores is smaller 

than that of NiMo/ZH catalysts, so the surface 

is not covered much when metal impregnation 

is performed. The surface area also decreased 

(27.26 m2/g) when Pb metal was impregnated 

with a natural zeolite (Susanto et al., 2014). 

Different methods of catalyst synthesis causing 

a decrease in the resulting surface area are also 

different.  
 

 
(a) 

 

 
(b) 

 

Figure 2. Distibution of pore size (a) and desorption 

adsorption isotherm graph (b) NiAg/ZH catalysts 

The average pore diameter produced by 

NiAg/ZH catalysts rises to 6.9632 nm. This 

increase is due to the deciliation and activation 

in natural zeolite, causing the follow-up 

material to be removed so that the pores become 

open. Bu et al. (2018) state that increasing pore 

size (pore diameter) in the zeolite skeleton will 

increase mass transfer and catalytic activity. In 

Figure 2a, you can see the pore size distribution 

of the NiAg/ZH catalyst. The pore diameter of 

the catalyst ranges from 1-23 nm. It shows that 

the hierarchical natural zeolite used as a support 

is hierarchical because it has a size of 2 pores, 

namely micro (0-2 nm) and meso (2-150 nm). 

The presence of meso-sized pores causes the 

pore volume to increase. As evidenced by the 

analysis of the  Beret Joiner Halenda (BJH), the 

total pore volume rose to 0.0813 cc/g. This large 

pore volume is indispensable in catalysis 

reactions to achieve reaction perfection 

(Susanto et al., 2014). Apart from pore size 

distribution data, the formation of mesopores in 

the catalyst can be seen from the adsorption-

desorption isotherm graph, as shown in Figure 

2b. The NiAg/ZH catalyst adsorption-

desorption isotherm type is type IV, with type 

IV loop hysteresis also indicating the presence 

of mesopores in the catalyst. 

The acidity value of the NiAg/ZH 

catalyst, which was analyzed using NH3-TPD, 

increased to 1.6882 mmol/g. This increase is 

due to the presence of Ni and Ag metals. Half-

filled metal (empty d orbital) can effectively 

receive electron pairs from adsorbate, thereby 

increasing acidity, especially Lewis acid 

(Sriningsih et al., 2014). Profile NH3-TPD 

NiAg/ZH catalysts (Figure 3) show catalysts 

have two peaks, namely at 264 °C indicating 

weak acids (<270 °C) and peaks at 504 °C 

(strong acids, > 350 °C) (Gousi et al., 2017).  

 

 
 

Figure 3. NH3-TPD profile NiAg/ZH catalyst 
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Catalytic Deoxygenation of Nyamplung Oil 

Catalytic deoxygenation of nyamplung 

oil is carried out in batches by varying the 

temperature and reaction time. The temperature 

was varied from 325, 350, and 375 °C with a 

constant parameter of 2 h reaction time and a 

catalyst concentration of 5% w/v. At 325 °C, the 

selectivity of obtained gasoline (5.93%) and 

green diesel (13.53%) is still low, and even 

kerosene is not detected from the GCMS results 

(Figure 4). It shows that at 325 °C, the 

deoxygenation of nyamplung oil has not been 

optimal. It was also confirmed by the product's 

high content of fatty acids (90.48%). When the 

temperature is raised to 350 °C, the selectivity 

of the biofuel becomes elevated, mainly the 

fraction of green diesel (40.97%). The rising 

temperature causes the kinetic energy of the 

reactants to get greater so that the interaction 

with the catalyst is maximized (Li et al., 2014). 

The selectivity of biofuels drops when the 

temperature rises to 375 °C. Too high a 

temperature can increase the cracking reaction, 

so the selectivity of green diesel drops and turns 

into light fractions (gases) and residues (Gamal 

et al., 2020; Cheng et al., 2016). 

Febriyanti et al. (2020) also vary the 

temperature from 300-350 oC using the HDO 

method with a NiMo/γ-Al2O3 catalyst. The yield 

on diesel fraction rises by 33.8% (300 °C) to 

71.78% (350 °C). Budianto et al. (2015) convert 

nyamplung oil using Zn-HZSM-5/alumina 

catalysts by catalytic cracking process 

(deoxygenation without hydrogen) semi-batch. 

At 350 °C, the yield of green diesel produced is 

about 27.20%. However, when the temperature 

is raised to 450 °C, the yield rises to 73.86%. 

Then it goes down again (67.82%) when the 

temperature is raised to 550 °C. It suggests that 

differences in catalyst types and process 

methods greatly affect the conversion of 

nyamplung oil. For this study, it can be 

concluded that the optimum temperature for 

producing green diesel is 350 °C. This 

temperature is further used in the optimization 

of reaction time. 

The triglycerides in nyamplung oil contain 

fatty acids in oleic acid (C18H34O2) 58.13%; 

palmitic acid (C16H32O2) 18.46%; linoleic acid 

(C18H30O2) 12.26% and stearic acid (C18H36O2) 

11.14% (Rasyid et al., 2018). Triglycerides are 

converted to hydrocarbons through catalytic 

deoxygenation reactions. Based on Figure 4, 

triglycerides undergo a hydrolysis reaction to fatty 

acids. Furthermore, fatty acids undergo parallel 

reactions in decarboxylation and decarbonylation. 

The decarboxylation reaction produces alkane 

compounds (n-heptadecene) and CO2 gas. The 

decarbonylation reaction produces alkenes 

(heptadecene), CO, and H2O. At 375 °C, no C17 

compound was detected (Figure 5). It is because 

the resulting C17 undergoes a cracking reaction 

into a lighter fraction (C16). Where compound 

C16 is produced at higher than other temperatures, 

cracking reactions can occur due to the use of high 

temperatures (Kaewmeesri et al., 2015). At 350 

°C, the resulting C17 and C15 alkane compounds 

are quite high, which indicates that the 

decarboxylation reaction takes place to the 

maximum. Alkene compounds that are 

decarbonylation products are not detected because 

the compounds directly undergo a cracking 

reaction into a lighter fraction. Likewise, at 325 

°C, the C15 compound was also not detected, 

indicating the compound also underwent a 

cracking reaction resulting in C6 and C12 

compounds. 

 

 
Figure 3. Effect of temperature on the selectivity of 

catalytic deoxygenation products 

 

The next optimization is the reaction time 

of 1, 2, and  3 hours with a constant parameter 

of the temperature of 350 °C and a catalyst 

concentration of 5%. From Figure 6, it can be 

seen the effect of time on product selectivity. 

The longer the reaction time, the higher the 

selectivity of the biofuels produced, especially 

green diesel. The selectivity of green diesel rose 

from 35.16% (1hr) to 62.02% (3 hours). The 

length of the reaction time allows the reactant 

molecules to react optimally so that the 

resulting product increases. It is also detected 

from low selectivity of fatty acids at 3 hours 

(30.19%), while at 1 and 2 hours, it is still high 

(60.96 and 44.58%). The high selectivity of 

fatty acids at 1 hour indicates that the reaction 

has yet to be maximized. At 1 hour, there is also 
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no kerosene fraction, and gasoline has a very 

small selectivity of about 3.88%. It indicates 

that the cracking reaction proceeds slowly. The 

dominating product is the green diesel fraction, 

which means the main reaction is 

decarboxylation and decarbonylation. 

At a reaction time of 3 hours, the results 

of C17 compounds are all alkene groups. It 

proves the existence of steric, oleic, and linoleic 

acid's decarbonylation reactions. The alkane 

product of C17 was not detected. This 

compound likely underwent a cracking reaction 

resulting in a C16 compound whose selectivity 

was quite high (Figure 7). Interestingly, the 

product also detected C18H38 (alkanes). In 

theory, this product is produced from the 

hydrodeoxygenation of stearic acid using 

hydrogen gas. This product's appearance 

indicates that hydrogen gas is produced during 

the reaction, which subsequently reacts with 

stearic acid producing C18H38. But this product 

has only 1.03% selectivity. In addition, C21 was 

also detected, indicating a polymerization 

reaction resulting in a heavy fraction due to the 

length of the reaction time.

 

 
Figure 4. The catalytic deoxygenation reaction path of nyamplung oil through decarboxylation, decarbonylation 

and cracking 

 

 
Figure 5.  Distribution of hydrocarbons in catalytic deoxygenation products  of oil at temperature variations 
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Figure 6.  Effect of time on the selectivity of catalytic deoxyenation products nyamplung oil 

 

 

 
Figure 7.  Distribution of hydrocarbons in catalytic deoxygenation products  of oil at time variations 

 

Rasyid et al. (2018) convert nyamplung 

oil into biofuels using CoMo/γ-Al2O3 catalysts. 

The yield of gasoline and gasoil (C12-20) is 

increasing with increasing reaction time and 

reaching optimum within 2 hours. Trisunaryanti 

et al. (2020), using the hydrocracking method 

(HDO) with a CoOMoO/γ-Al2O3  catalyst (at 

550 °C for 2 hours), produced a liquid reaction 

of 65.56%, gasoline selectivity at 8.61%, and 

diesel at 5.01%. Prasetyo et al. (2018), using the 

hydrodeoxygenation method with a NiMo/γ-

Al2O3 catalyst at a temperature of 400 °C for 3 

hours, resulted in a yield of  C16-20 of 15.07%. 

Compared to the study above, NiAg/ZH 

catalysts have almost the same activity and are 

even higher than CoOMoO/γ-Al2O3 and 

NiMo/γ-Al2O3. It shows that the use of natural 

zeolite support and the combination of Ni and 

Ag metals can produce good catalytic activity.   

 

4. CONCLUSIONS 
NiAg-supported hierarchical natural 

zeolite catalysts (NiAg/ZH) have an acidity 

value of 1.6882 mmol/g, a surface area of 

46.7024 m2/g, a pore volume of 0.0813 cc/g, 

and an average pore diameter of 6.9632 nm. 
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This catalyst provides good activity in the 

nyamplung oil catalytic deoxygenation with 

optimum activity at 350 °C for 3 hours with a 

green diesel selectivity of 62.02%. The 

dominant reactions are decarboxylation and 

decarbonylation, with side reactions in cracking 

and polymerization. 
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