
Mesoporous silica from Parangtritis beach sand
templated by CTAB as a support of Mo Metal as a
catalyst for hydrocracking of waste palm cooking oil
into biofuel
Gesha Desy Alisha  (  gesha.d.a@mail.ugm.ac.id )

Gadjah Mada University: Universitas Gadjah Mada
Wega Trisunaryanti 

Universitas Gadjah Mada
Akhmad Syou�an 

Universitas Gadjah Mada

Research Article

Keywords: Mesoporous Silica, Molybdenum, Wet Impregnation Method, Waste Palm cooking oil,
Hydrocracking, Reusable Catalyst

Posted Date: August 18th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-261236/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Version of Record: A version of this preprint was published at Waste and Biomass Valorization on August
31st, 2021. See the published version at https://doi.org/10.1007/s12649-021-01559-y.

https://doi.org/10.21203/rs.3.rs-261236/v1
mailto:gesha.d.a@mail.ugm.ac.id
https://doi.org/10.21203/rs.3.rs-261236/v1
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s12649-021-01559-y


 

  *Corresponding author: 

  Wega Trisunaryanti 

 wegats@ugm.ac.id 

 

1   Department of Chemistry, Faculty of Mathematics and Natural Sciences, Universitas Gadjah Mada, 

Yogyakarta 55281, Indonesia 

Mesoporous silica from Parangtritis beach sand templated by CTAB as a support of Mo Metal as a catalyst 

for hydrocracking of waste palm cooking oil into biofuel 

Gesha Desy Alisha1, Wega Trisunaryanti1*, Akhmad Syoufian1 

 

Abstract 

In this study, natural source Parangtritis beach sand was extracted into mesoporous silica (MS). Synthesis of 

mesoporous silica (MS) was carried out at sodium silicate: CTAB ratio of 1:0.5 (w/w). Monometallic catalyst was 

used to improve the performance of the catalyst. The monometallic used was Mo metal, which was synthesized 

using the wet impregnation method. Catalysts were characterized using FTIR, XRD, Surface Area Analyzer 

(SAA), SEM-EDX, and TEM. MS has pore diameters and surface area of 2.62 nm and 897.3 m2/g. Mo/MS has 

pore diameters, surface area, and Mo metal concentration of 2.46 nm, 593 m2/g, and 4.75 %. Catalytic activity 

and selectivity were evaluated in hydrocracking of waste palm cooking oil at 500, 550, and 600 oC, and catalyst: 

waste palm cooking oil ratio of 1:100, 1:200, and 1:300. The best catalyst will be tested for reusability 3 times 

through the hydrocracking process. Mo/MS produces better liquid products and hydrocarbon compounds than 

MS. The results of the conversion of liquid products analyzed using GCMS. The yield of liquid products obtained 

in the hydrocracking of waste palm cooking oil using Mo/MS with the optimum temperature and the weight ratio 

of catalyst: feed at 550oC and 1: 300 was 66.99 wt.% with consists of hydrocarbon compound as 62.79 wt.%. The 

yield of liquid products obtained in the hydrocracking waste palm cooking oil using the used Mo/MS catalyst in 

the last run was 80.26 wt.% with consist of hydrocarbon compound as 74.13 wt.%. 

Graphic Abstract 
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Statement of Novelty 

Mesoporous silica such as SBA-15 and MCM-41 are 

known to be very expensive. This is what underlies 

this research using natural sources of Parangtritis 

beach sand which is known to have silica content 

which can be used as a source of silica. Parangtritis 

beach sand has never been used for anything. 

However, it is known to have a high enough silica 

content. So that this beach sand can be used for free. 

The silica obtained is synthesized into mesoporous 

silica by utilizing the CTAB template with ratio 

sodium silicate: CTAB of 1:0.5 (w/w). Mesoporous 
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silica will be used as support for the embedded of 

Mo metal. 

 

1 Introduction 

Waste cooking oil is cooking oil that is used at high 

temperatures and edible fats mixed in kitchen waste 

[1]. Waste cooking oil is produced mostly by 

restaurants, household, food processing industries, 

and fast-food shops [2]. This waste cooking oil can 

be used as a biofuel [3,4]. Waste cooking oil 

contains organic molecules with long hydrocarbon 

chains such as fatty acids, triglycerides, and their 

derivatives [3,5]. The molecules with long-chain 

hydrocarbon in waste palm oil can be cracked into 

short-chain hydrocarbon molecules through a 

cracking process [6,7].  

Catalysts commonly used for catalytic cracking 

are heterogenous catalysts because easy separation, 

reusability, and environmental friendliness [8]. 

Catalytic cracking is a simple and cost-effective 

method that has become one of the most promising 

methods for producing biofuels. In addition, the pure 

triglyceride content is waste cooking oil does not 

affect the results of cracking products [9]. Metal 

oxides are more widely used in the hydrocracking 

process than other heterogenous catalysts. This is 

due to the structural properties characteristic of 

positive metal ions (cations) and negative oxygen 

ions (anions), which act as Lewis acids and Brønsted 

bases, respectively [9]. Mo metal has an active site 

that plays in the mechanism of the deoxygenation. 

The deoxygenation mechanism occurs during the 

hydrocracking process [10,11]. However, the use of 

Mo metal without support in the hydrocracking 

process can cause active metal sintering which 

reduces the catalytic stability [10]. One way to 

overcome this weakness is to use as a support that 

has strong metal-support interaction and a suitable 

containment of metal particles [12]. Therefore, this 

study uses mesoporous silica as support. The 

advantage of using mesoporous materials as support 

is involving the contribution of acid sites from 

metals that can increase the activity and selectivity 

of catalysts, such as mesoporous silica (MS) [13,14], 

SBA-15 [15], and MCM-41 [16]. The availability of 

this synthetic material is very limited and may also 

have an expensive price. Instead, an alternative is 

needed to obtain silica, namely by utilizing silica 

sources from Parangtritis beach sand. The sand as 

silica sources is a green catalyst that has good 

absorption activity [17,18]. Parangtritis beach sand, 

located in Yogyakarta, Indonesia, contains various 

types of metal oxides, one of which is SiO2, which 

will be the main constituent of the hydrocracking 

catalyst in this study. If this is possible it will bring 

great benefits to the environment because fewer 

chemical reagents are needed in the preparation of 

catalysis material. This is an interesting idea to 

investigate further.  

Mesoporous silica such as SBA-15 impregnated 

in Pt metal can increase the production of the 

gasoline fraction by 72.8 wt.% in the conversion of 

n-paraffin wax into biofuel [19]. Meanwhile, the use 

of NiMo-ZSM-5/MCM-41 catalyst for the 

conversion of crude palm oil (CPO) to biofuel was 

produced gasoline, kerosene, and diesel fractions of 

13.6, 25.20, and 24.60 wt.%, respectively [20]. 

Based on this consideration, in this study used 

the synthesis of mesoporous silica from Parangtritis 

beach sand templated by CTAB with impregnation 

Mo metal for hydrocracking waste palm cooking oil. 

The effect of hydrocracking condition including 

temperatures, catalyst: feed ratio, and catalyst 

reusability toward catalytic activity and selectivity 

for hydrocarbon compounds was evaluated. 

 

2 Experimental 

2.1 Materials 

MS in this study was extracted from the Parangtritis 

beach sand collected in Yogyakarta, Indonesia. 



 

   

 

Sodium hydroxide (NaOH p.a) 6M, hydrochloric 

acid (HCl p.a) 3M, metal precursors ammonium 

heptamolybdate tetrahydrate ((NH4)6Mo7O24·4H2O) 

and silver nitrate (AgNO3) 0.1M were purchased 

from Merck. Waste palm cooking oil obtained 

collectively from domestic waste to be used as feed 

in the hydrocracking process. 

 

2.2 Sample preparation 

The synthesis of MS from Parangtritis beach sand 

was done in accordance the study by Kusumastuti et 

al. [21] The first step was to remove impurities in 

the Parangtritis beach sand. The Cl ions which can 

be transferred from seawater were removed by 

washing using distilled water. The Cl ions from 

seawater is a content of sodium chloride which must 

be removed because it is different from Cl ion from 

chemical reagents. The absence of Cl ions was tested 

by adding dropwise of AgNO3 to a washed sand 

filtrate solution, where removal of Cl ions was 

indicated in the absence of a white deposit formed. 

The chlorine-free sand was dried at 100 oC for 2 h. 

Iron oxide contained the sand structure was 

separated by using magnets. 

The second step was the extraction of MS from 

sand using the acid-base refluxed method. The sand 

was refluxed in HCl with a sand: HCl ratio of 1: 2 

(w/v) at 90 oC for 3 h. This was done to separate the 

alumina-silica bonds in the sand by dissolving the 

alumina in strong acid. Furthermore, the sand was 

refluxed using NaOH with sand: NaOH ratio of 1:3 

(w/v) at 90 oC for 5 h. The sodium silicate obtained 

was added dropwise to the CTAB surfactant solution 

with a sodium silicate: CTAB ratio of 1:0.5 (w/w), 

the mixture was stirred for 2 h at ambient 

temperature. The mesoporous sodium silicate 

solution was added dropwise to the 2 M HCl until 

pH 10. The mixture was moved to an autoclave and 

the hydrothermal process was carried out at 100 oC 

for 24 h. The resulting precipitate was filtered and 

washed with distilled water. After it was dried, 

material was calcined for 5 h at 550 oC to remove 

the CTAB templating agents. 

The impregnation Mo/SM was done using wet 

impregnation method. In the preparation of Mo/MS, 

1 g of MS was dissolved in 30 mL a solution 

containing the precursor (NH4)6Mo7O24 ·4H2O at 

constant stirring for 24 h. After mixing, water was 

evaporated from the mixture at 80 oC. The material 

obtained was calcined under the flow N2 gas (20 

mL/min) at 500 oC for 3 h with heating rate 5 

oC/min, prior to reduction with H2 gas at 450 oC for 

3 h with heating rate 5 oC/min. 

 

2.3 Sample Characterization 

All catalyst functional groups were determined 

using Fourier Transform Infrared Spectrometer 

(FTIR) Shimadzu Prestige-21 with KBr disc 

technique at wavenumber 4000 to 400 cm-1. The 

crystallinity of the catalysts was characterized using 

X-ray Diffraction Bruker D2 Phaser 2nd Gen. The 

surface area of all catalyst material was analyzed 

using surface area analyzer gas sorption 

Quantachrome NovaWin2 1200e version 2.2. The 

surface morphology catalyst was captured by 

Scanning Electron Microscopy (SEM) JEOL JSM 

6510 and EDX was analyzed metal concentration 

total. The pore morphology was examined using 

Transmission Electron Microscopy (TEM) JEOL-

JEM-1400 microscope at 120 kV.  

 

2.4 Activity test 

The catalytic activity test was evaluated in the 

hydrocracking process of waste palm cooking oil, 

which was done in a semi-batch reactor system 

under H2 gas flow rate of 20 mL/min for 2 h. The 

catalytic activity was carried out at variations 

temperature of 500, 550, and 600 oC, the catalyst: 

feed ratio of 1:100, 1:200, and 1:300 (w/w) and the 

reusability test with the best catalyst for the 



 

   

 

conversion of waste palm cooking oil. The 

producing liquid products were analyzed using Gas 

Chromatography-Mass Spectrometry (GC-MS) 

QP2010S. The activity (amount of hydrocracking 

product) will be calculated as follow: 

The liquid (%) = 
𝑊𝐿𝑃 (𝑔)𝑊𝑊𝑃𝑂 (𝑔)  × 100% 

The residue (%) = 
𝑊𝑅 (𝑔)𝑊𝑊𝑃𝑂  × 100% 

The coke (%) = 
𝑊𝐶  (𝑔)𝑊𝑊𝑃𝑂  (𝑔)  × 100% 

The gas (%) = 
𝑊𝑊𝑃𝑂 (𝑔)− 𝑊𝐿 (𝑔)− 𝑊𝐶  (𝑔)𝑊𝑊𝑃𝑂 (𝑔)  × 100% 

Total conversion (%) = 
𝑊𝑊𝑃𝑂  (𝑔)− 𝑊𝑅 (𝑔)𝑊𝑊𝑃𝑂  (𝑔)  × 100% 

Where WLP is the weight of the liquid product, WWPO 

is the weight of the waste palm cooking oil, WR is 

the weight of the residue, and WC is the weight of 

the coke. 

The biofuel conversion selectivity will be calculated 

using the equation below: 

Total biofuel conversion = Amount of diesel and 

gasoline 

Table 1 Hydrocracking reactor condition 

Condition type Initial Final 

H2 gas flow rate 20 mL/menit 20 mL/menit 

Temperature 1 25 oC 500 oC 

Temperature 2 25 oC 550 oC 

Temperature 3 25 oC 600 oC 

 

3 Results and discussion 

3.1 Characterization of the Catalysts 

In this study, mesoporous silica (MS) was 

synthesized from Parangtritis beach sand. The 

synthesized MS has a purity of 99.76 wt.%. The MS 

was used a support. 

Characterization of functional groups from MS 

and Mo/MS catalysts by FTIR is shown in Fig.1. 

Around the wavenumbers of 406, 804, and 1085 cm-

1 are found the Si-O-Si bending vibrations. 

Hereinafter, it can be seen that there is bending and 

stretching vibration Si-OH around the wavenumber 

of 1635-3448 cm-1, respectively [22,23]. This 

proved that the MS synthesis from Parangtritis 

beach sand was successful.  

 

Fig. 1 Infrared spectra of (a) MS (b) Mo/MS 

catalysts 

The diffraction pattern of MS and Mo/MS are 

presented in Fig.2. The diffraction of MS has a broad 

peak that appears at 2θ = 28o (101) which indicates 

that MS is an amorphous material [24]. Mo/SM 

catalysts have diffraction peaks at 12.3o, 23.3o, 

26.6o, 36.1o, and 53.8o, indexed as (001), (100), 

(101), (102) and (202) (JCPDS card no. 01-081-

067). This indicates that the peaks are the 

characteristics peaks of MoO3 [25,26]. These results 

confirm that Mo metal was successfully 

impregnated on MS. The crystallite size of Mo/MS 

catalyst was calculated using Scherer equation. The 

broad peak observed at 2θ = 26.6o indicates a high 

peak intensity which may be due to thin layer of Mo 

species present on the MS support, so that the peak 

will determine the crystallite size of the Mo metal 

[27,28]. The Mo/MS catalyst had an average 

crystallite MoO3 size of 41.98 nm. 



 

   

 

Fig. 2 Diffraction pattern of (a)MS and Mo/MS 

catalyst 

The porosity of MS and Mo/MS catalyst is 

presented in Table 2. After the metal Mo 

impregnation process, it can be seen that the surface 

area of the catalyst decreased. This may be caused 

the Mo metal was evenly distributed in the MS 

pores. In addition, the pore diameter and pore 

volume of the catalyst also decreased. This is due to 

the blocking of the catalyst pores by the metal Mo. 

Table 2 Characteristic of the catalysts 

Sample Surface area 

(m2/g)* 

Average pore 

diameter (nm)* 

Total pore 

volume (cc/g)* 

Concentration of 

Mo (%) 

Crystallite size 

(nm) 

MS 897.3 2.62 0.8252 No detected No detected 

Mo/MS 593 2.46 0.6386 4.75 41.98 

*Surface area, average diameter pore and total pore volume of the sample were calculated using BET, BJH, and 

DR, respectively

The nitrogen adsorption/desorption isotherm of 

the MS and MS/Mo catalyst are shown in Fig. 3. The 

figure shows that all catalyst including a type IV 

isotherm (based on IUPAC classification), with the 

hysteresis loop type H1. This suggests that MS and 

Mo/MS catalyst are mesoporous materials. In Figure 

4, it can be seen that Mo metal is evenly distributed 

in MS. This is what causes a decrease in the Mo/MS. 

The pore size distribution presented in Fig. 4 

supports the results of the Mo/MS surface area 

shown in Table 2. 

 

Fig. 3 Adsorption isotherm of the (■) MS and (●) 

Mo/MS catalyst 

 

Fig. 4 Pore size distribution of the (■) MS and (●) 

Mo/SM catalysts 

The morphology of the MS and Mo/MS 

catalysts is represented in Fig.5. SEM micrographs 

of MS show a uniform and homogenous surface. 

The impregnation of Mo metal causes 

agglomeration. This is one of the causes of 

decreased surface area. In addition, Fig 5b shows 



 

   

 

that molybdenum oxide is well supported and 

distributed on silica. The comparison of these two 

figures shows that MoO3 is strongly adsorbed on the 

mesoporous silica surface [29]. Table 2 indicates the 

total impregnated metal concentrations. The 

impregnated Mo metal concentrations on MS was 

4.75 %. Mo metal concentrations under 5% were 

able to produce the best catalyst activity and 

selectivity [30]. 

3.2 Catalytic Activity of MS and Mo/MS 

The activity and selectivity tested of MS and 

Mo/MS catalysts were carried out at 500 oC with a 

catalyst: feed ratio of 1:100. The feed used in this 

research was waste palm cooking oil. In this study, 

thermal cracking was done as a comparison. The 

distribution of hydrocracking products is shown in 

Table 2 using waste palm cooking oil as feed. The 

catalyst with the best activity and selectivity will be 

studied further to determine the optimum conditions 

for the hydrocracking process. 

 

Fig. 5 Morphology of (a) MS and (b) MS/Mo 

catalysts 

Table 3 Hydrocracking product of waste palm cooking oil 

Hydrocracking 
conditions 

Conversion (wt.%) Total 
conversion 

(wt.%) 
Liquid product Gas product Residue1 Coke2 

Thermal 19.15 42.68 38.16 0 61.84 

MS 38.38 32.42 27.78 1.42 72.2 

Mo/MS 60.93 29.44 8.19 1.43 91.81 
1 Residue is the residue waste palm oil that is not converted into biofuel. 

2 Coke is waste palm oil that is deposited on the surface of the catalyst which cannot be converted into biofuel.

Thermal cracking produces less liquid product 

than catalytic cracking. This may be due to the 

formation of radical ions which were influenced by 

relatively high temperatures. Radical ions formed at 

the initiation stage of thermal cracking break the 

carbon bonds at the β position and form new radical 

compounds with less of carbon atoms so that 

thermal cracking produces more gas product 

compared to catalytic hydrocracking [21]. However, 

it was observed that the MS catalyst still produced a 

high enough gas product which decreased the liquid 

product. Thus, Mo metal impregnation was done to 

increase the catalyst activity. The presence of Mo 

metal decreases the gas product and increases the 

liquid product. This is because Mo metal has an 

active site, which is due to the presence of unpaired 

electrons in the d orbitals. The unpaired electrons in 

the d orbitals can be dissociate hydrogen gas in a 

homolytic, which will be required in the 

hydrocracking process [14,21,31]. In addition, the 

(a) 

(b) 



 

   

 

impregnation of Mo metal caused an increase in 

coke although not significant. This can be caused by 

waste palm cooking oil that cannot be absorbed by 

the catalyst or deposited on the catalyst. The 

decrease in surface area, the more effective in the 

contact between the waste palm cooking oil as feed 

and the catalyst [32,33]. 

Waste palm oil is generally a mixture of 

triglycerides and free fatty acids (FFA) [3]. 

Conversion of triglycerides to hydrocarbons 

requires the removal oxygen from waste palm 

cooking oil, which is known as the deoxygenation 

reaction [34]. Deoxygenation reactions include three 

different pathways type of decarbonylation, 

decarboxylation, or hydrodeoxygenation [35]. 

Decarboxylation/decarbonylation is the removal one 

carbon from the ester chain in the form carbon 

dioxide and the reduction stops in the production of 

aldehydes/ketones. Whereas the reduction 

hydrodeoxygenation continues to form alcohol 

compounds [13,36]. After observing MS and 

Mo/MS, the hydrocracking process occurred 

through a decarboxylation/decarbonylation 

mechanism. This is due to the absence of alcohol 

compounds so that it can be concluded that the 

reduction stops in the production of 

aldehydes/ketones. Other oxygenate compounds are 

too high, it is possible for imperfect cracking occur 

during the hydrocracking process. 

Table 4 The selectivity of the catalyst toward the liquid product 

Hydrocracking 

conditions 

Fraction in a liquid product (wt.%) 

Total biofuel 

conversion (wt.%) 
Gasoline 

(C5-C12) 

Diesel 

(C13-

C17) 

Free 

fatty 

acids 

Aldehydes/Ketones Other 

oxygenates 

Thermal 15.59 1.17 1.16 0.44 1.17 16.76 

MS 20.83 11.09 - 0.88 5.59 31.92 

Mo/MS 25.97 26.85 - 0.64 7.48 52.82 

3.3 Effect of Temperature and Catalyst: Feed 

Ratio 

Although it was known that the Mo/MS catalyst was 

able to covert waste palm cooking oil by 91.81 

wt.%. However, Mo/MS catalyst can still increase 

its activity and selectivity by selecting the best 

temperature and the most suitable catalyst: feed 

ratio. As shown in Table 5, the highest liquid 

product conversion results in catalytic 

hydrocracking at 550 oC. The conversion resulted in 

an increase of more than 3 wt.% compared to 

hydrocracking at 500 oC. In addition, coke was 

produced at 550 oC to 0.05 wt.%. This shows that the 

best temperatures were 550 oC.  

The best temperature variation activity test at 

550 oC generates a liquid product of 63.95 wt.%. 

This proves that increasing the temperature in the 

hydrocracking process can increase the performance 

of the catalyst in producing liquid products [37]. 

However, at 600 oC, the resulting liquid product 

decreases because the gas production was higher. It 

seems that hydrocracking at higher temperatures 

results in a higher gas fraction. This behavior can be 

attributed to the fact that higher temperatures 

accelerate thermal decomposition, then will crack 

long-chain hydrocarbons into lighter hydrocarbon 

molecules [38]. This increase in the liquid product 

can be related to a shift in the selectivity of the 

deoxygenation mechanism which results in heavier 

hydrocarbons (Table 6). The further hydrogenation 

of the alcohol will produce long-chain hydrocarbons 

by means of the hydrodeoxygenation mechanism 

[14]. 

 



 

   

 

Table 5 Effect of temperature and catalyst: feed ratio toward product distribution 

Variation Conversion (wt.%) Total 

conversion 

(wt.%) 
Liquid product Gas product Residue1 Coke2 

Variations of temperature with catalyst: feed 1:100 

500 oC 60.93 29.43 8.18 1.43 91.80 

550 oC 63.95 32.30 3.69 0.05 96.31 
600 oC 54.78 43.22 1.99 0.004 98.01 

Variations of catalyst: feed with temperature 550 oC 

1:200 64.12 8.90 26.81 0.16 73.19 

1:300 66.99 10.46 22.53 0.03 77.47 
1 Residue is the residue waste palm oil that is not converted into biofuel. 

2 Coke is waste palm oil that is deposited on the surface of the catalyst which cannot be converted into biofuel.

Based on Table 6, it can be seen that 

temperature variations in the hydrocracking process 

can affect the selectivity of the catalyst. The total 

hydrocarbon compound produced at 500 oC was 

52.82 wt.%, but with an increase in temperature of 

up to 550 oC, the total hydrocarbon yield increased 

to 60.12 wt.%. However, an increase in temperature 

of up to 600 oC, the total hydrocarbon compounds 

decreased to 47.22 wt.%. This was related to the 

generating liquid product [14]. 

Table 6 Selectivity of the catalyst toward the liquid product 

Variation Fraction in a liquid product (wt.%) 

Total biofuel 

conversion (wt.%) 
< C5 Gasoline 

(C5-C12) 

Diesel 

(C13-

C17) 

Free 

fatty 

acids 

Aldehydes/ 

Ketones 

Alcohol Other 

oxygenates 

Variations of temperature with catalyst: feed 1:100  

500 oC - 25.97 26.85 - 0.64 - 7.48 52.82 

550 oC 1.31 24.35 35.77 - 0.87 0.87 0.79 60.12 

600 oC - 41.82 5.40 1.41 2.99 2.99 2.57 36.42 

Variations of catalyst: feed with temperature 550 oC  
1:200 - 22.12 38.27 0.67 2.21 0.87 - 60.39 

1:300 - 24.54 38.34 - 2.26 - 1.84 62.79 

Table 5 shows that the more feeds used, the 

more liquid product will be produced during the 

hydrocracking process. Despite the catalyst: feed 

ratio resulted in lower total conversions. This 

behavior proves that the Mo/MS catalyst was able to 

convert waste palm cooking oil into biofuel with a 

ratio variation of the catalyst: feed of 1:300, where 

the more feed used in the hydrocracking process can 

increase the produced liquid product [37].  

Residue increase was occurred during catalytic 

hydrocracking waste palm cooking oil at various 

catalyst: feed. This is because the catalyst will 

naturally be more occupied and crowded with more 

feed entering the pores of the catalyst. Nevertheless, 

a catalyst with a temperature of 550 oC and a 

catalyst: feed ratio of 1:300 was given a higher 

hydrocarbon product, so was preferred. The reaction 

mechanism that occurred at various catalyst: feed 

ratios 1:300 and 1:200 was a decarboxylation/ 

decarbonylation reaction mechanism. 

 

3.4 Reusability of Mo/MS catalyst 

The Mo/MS catalyst stability test was carried out 3 

runs for the hydrocracking of waste palm cooking 

oil at temperature of 550 oC and ratio of catalyst: 

feed 1:300. During 3 runs, the Mo/MS catalyst was 

shown to provide the best activity and selectivity 

with high conversion levels. 



 

   

 

Table 7 Effect of Mo/MS catalyst reusability toward product distribution 

Catalyst Conversion (wt.%) Total 

conversion 

(wt.%) 
Liquid product Gas product Residue Coke 

Mo/MS1 66.99 10.46 22.53 0.03 77.47 

Mo/MS2 68.51 21.28 10.13 0.07 89.86 

Mo/MS3 80.26 11.55 5.54 2.64 94.46 
1 The first hydrocracking used a Mo/MS catalyst 
2 The second hydrocracking used a Mo/MS catalyst 
3 The third hydrocracking used a Mo/MS catalyst

Table 7 shows that the liquid product after 

reusability test the third catalyst is 80.26 wt.%, 

which indicates a significant increase in the liquid 

product compared to the first and second used 

catalysts. The formation of coke also appears to be 

relatively high, indicating stability to coke 

poisoning. Increasing the amount of coke on the 

surface of the catalyst can block the active site of 

catalyst where the deoxygenation mechanism occurs 

take place. The deactivation of the catalyst occurs 

due to the formation coke which is deposited on the 

active site of the catalyst [39]. Interestingly, after the 

third reusability test, the residue decreased. This 

may be due to weakened adsorption by oxygen 

vacancies in the presence of coke which possible a 

faster flow of feed molecules through the catalyst 

pores. The total conversion of cracking product is 

the sum of liquid products, gas products, and coke 

[40], so coke formation also increases the total 

product conversion. In addition, an increase in the 

gas fraction in the second catalyst reusability test 

was another indication that the cracking was less 

controlled and localized due to possible deactivation 

of the adsorption site in the catalyst. The removal of 

free fatty acids levels on the catalyst reuse was found 

in the liquid product which showed increased 

effectiveness in catching oxygenate compound. 

Thus, the use of the catalyst 3 times has not seen a 

decrease in hydrocarbon compound. However, it is 

possible that after using more than 3 times, there will 

be a decrease in hydrocarbon compounds. This can 

also be seen from the higher coke formation (Table 

6) which will affect the conversion results of liquid 

products and hydrocarbon compounds [41]. 

Table 8 Selectivity of the Mo/MS catalyst reused toward the liquid product 

Variations Fraction in a liquid product (wt.%) Total 

biofuel 

conversion 

(wt.%) 

<C5 Gasoline 

(C5-C12) 

Diesel 

(C13-

C17) 

>C17 Free 

fatty 

acids 

Aldehydes/ 

Ketones 

Alcohol Other 

oxygenates 

Mo/MS1 - 24.54 38.34 - 2.26 - 1.84 - 62.88 

Mo/MS2 1.14 25.41 40.19 - - 0.99 0.80 - 65.6 

Mo/MS3 - 28.98 45.15 0.59 - 3.17 0.96 1.39 74.13 
1 The first hydrocracking used a Mo/MS catalyst 
2 The second hydrocracking used a Mo/MS catalyst 
3 The third hydrocracking used a Mo/MS catalyst

The morphology of Mo/MS catalyst before and 

after hydrocracking is shown Fig.6. It can be seen in 

Fig.6 (a) is a fresh catalyst (before hydrocracking) 

which show that the material is still not 

agglomeration. In Fig.6 (b) and (c) it is after the first 

and third used that it shows the presence of black 

spots and agglomeration. The black spots are 

molybdenum which becomes darker. This suggests 

that coke formation affected deactivation of the 

catalyst. 



 

   

 

 

 

 

Fig. 6 TEM images of MS/Mo (a) fresh (b) after 

one-time hydrocracking (c) after three-time 

hydrocracking 

 

4 Conclusions 

This research has been successful that synthesis 

of MS from Parangtritis beach sand using CTAB 

template. MS synthesis has a large surface area of 

897.3 m2/g and pore diameter of 2.62 nm. Mo metal 

impregnation on MS was done to increase the 

catalyst activity and selectivity for the 

hydrocracking process of waste palm cooking oil 

into biofuel. Mo metal impregnation decreased 

surface area, pore diameter, and pore volume to 593 

m2/g, 2.46 nm, and 0.6386 cc/g, respectively. The 

amount of impregnated Mo metal was 4.75 %. 

Mo/MS catalyst was the catalyst with the best 

activity and selectivity at temperature optimum of 

550 oC and catalyst: feed ratio of 1:300 which has a 

liquid product and total hydrocarbon compound of 

66.99 and 62.79 wt.%, respectively. The catalyst 

reusability test gave very good results, where the use 

catalyst 3 runs did not decrease the activity and 

selectivity of the catalyst. The third reusability test 

produced liquid products and total hydrocarbon 

compound of 80.26 and 74.13 wt.%. 
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