
 

Highly Selective Bio-hydrocarbon Production using 

Sidoarjo Mud Based-Catalysts in the Hydrocracking of 

Waste Palm Cooking Oil  
 

Wega Trisunaryanti*, T. Triyono, Iip Izul Fallah, Shafira Salsiah, Gesha Desy Alisha 

 

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

Yogyakarta 55281, Indonesia. 

Bulletin of Chemical Reaction Engineering & Catalysis, 17 (4) 2022, 712-724 

Abstract 

In this work, Lapindo mud (LM) was used as catalyst support. This is because the Lapindo mud has a 

high SiO2 content of 45.33 %. This research aims to produce a hydrocracking catalyst based on Lapindo 

mud through impregnation of Ni and Pt metals as well as grafting amine groups. Ni and Pt metals im-

pregnation using wet impregnation method followed by amine group grafting. The best catalyst in this 

study was NiPt-NH2/LM which contained Ni and Pt metals, surface area, and pore diameters of 1.68 

wt.% and 0.4 wt.%, 6.59 m2/g, 15.51 nm, respectively. The effectiveness of the catalyst was tested 

against temperature and catalyst: feed ratio. The catalyst with the best activity and selectivity was 

tested for reusability 3 times through hydrocracking process. The yield of liquid products obtained in 

the hydrocracking process of WPO using NiPt-NH2/LM catalyst with the optimum temperature and the 

weight ratio of catalyst:feed at 550 oC was 79.4 wt. % which consists of hydrocarbon compound of 55.9 

wt.%. The yield of liquid products obtained in the hydrocracking WPO using the used NiPt-BH2/LM 

catalyst was 28.4 wt.% which consists of hydrocarbon compound of 23.6 wt.%. 
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1. Introduction 

The increasing population growth can affect 

energy needs, which generally use fossil fuels as 

an energy source. Where fossil fuels are non-

renewable energy sources [1]. Biofuel or liquid 

biofuel is a renewable energy source that can re-
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place fossil fuels. Biofuels or liquid biofuels can 

be obtained from various types of biomass, 

which are promising as a substitute for fossil 

fuels used in transportation, heating services, 

and power generation [2]. 

One of the materials that can be converted 

into biofuel is waste cooking oil [3-5]. The use of 

waste cooking oil (WCO) continues to increase 

and there is no further handling of waste cook-
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ing oil. This is one of the causes of environmen-

tal pollution that continues to increase [6]. In 

addition, the main component of waste cooking 

oil is triglycerides which can be easily convert-

ed into biofuels [7,8]. However, the high oxygen 

content in triglycerides causes the final product 

to contain oxygen such as FAME. This can lead 

to poor storage stability, low mixing rates with 

petroleum diesel and cause engine compatibil-

ity issues [9]. These disadvantages of biofuel 

production can be overcome using hydrocrack-

ing techniques [10]. Cracking is divided into 

two, namely thermal cracking and catalytic 

cracking [11]. The use of catalytic cracking is 

better than thermal cracking because it produc-

es liquid products and hydrocarbon compounds 

of a quite high [12-14]. In catalytic cracking 

process, a catalyst is needed. The catalyst com-

monly used is a metal catalyst impregnated in 

the support [15,16]. The presence of metal cata-

lyst in hydrocracking process is gaining inter-

est due to its facile separation and a promising 

candidate for deoxygenation reactions [17]. 

Catalyst has the main function to provide hy-

drogenation reaction to produce a high liquid 

hydrocarbon yield and restrain coke formation 

[18]. The use of metal catalysts in the cracking 

process requires support. The support is the 

use of Lapindo Mud (LM). This is because the 

Lapindo Mud (LM) has various metal oxides 

that can be used as heterogeneous catalyst and 

also supports [19]. The content of silica within 

Lapindo Mud can reach about 55%. Moreover, 

Lapindo Mud (LM) contains metal oxides, such 

as SiO2 and Al2O3 [20]. In addition, this re-

search uses the amine group, where the amine 

group acts a mesoporous support which is use-

ful for capturing FFA [21]. According to Kandel 

[22], with the use of Ni-NH2/LM in capturing 

FFA managed to capture 47% by weight and 

convert 66% by weight into liquid hydrocar-

bons. 

Based on the background, hydrotreatment 

of waste palm oil (WPO) was done in the pres-

ence of monometallic Ni, Pt, and bimetallic 

NiPt supported on amine-functionalized Lapin-

do Mud. The combination of two modifications 

is expected to improve the activity and selectiv-

ity of bimetallic NiPt-NH2/LM on its perfor-

mance. The performance of each catalyst are 

compared from the product conversion and liq-

uid hydrocarbons produced during hydrotreat-

ment process. Furthermore, the hydrocracking 

effects, such as the variation of temperature 

and catalyst:feed ratio and the reusability, 

were tested. 

 

2. Materials and Methods 

2.1  Materials 

Lapindo mud was obtained from Sidoarjo, 

East Java, Indonesia. Metal precursors nick-

el(II) chloride hexahydrate (NiCl·6H2O), metal 

precursors platinum(IV) chloride (PtCl4), 3-

aminopropyl trimethoxysilane (3-APTMS), tol-

uene (99.9%) and methanol (99.9%) were pur-

chased from Tokyo Chemical Industry Co. 

Waste palm oil obtained collectively from do-

mestic waste to be used as feed in the hy-

drocracking process. 

 

2.2 Sample Preparation 

The LM was crushed with 100 mesh sieve to 

obtained fine particles. The impregnation 

method was done through wet impregnation. 

Three variations of metal were synthesized 

Ni/LM, Pt/LM, and NiPt/LM. The monometal-

lic Ni/LM and Pt/LM were synthesized in 2 g of 

LM under constant stirring at 300 rpm in an 

aqueous solution at room temperature. Where-

as, the bimetallic NiPt/LM was synthesized us-

ing co-impregnation method, by comparison 

metal of Ni and Pt 1:0.05 in 2 g of LM under 

constant stirring at 300 rpm in an aqueous so-

lution at room temperature. After mixing, the 

materials water was removed from the mixture 

at 80 oC. The materials were calcined at 500 oC 

with a heating rate 5 oC/min for 3 h under flow 

N2 (20 mL/min), followed by reduction at 450 oC 

with heating rate 5 oC/min for 3 h with under 

ambient pressure. 

Amine-functionalized catalysts were pre-

pared by grafting method of 3-APTMS (1 

mmol, 0.18 g, 174 μL) to the surface of each 

LM supported metal catalyst in 20 mL of re-

fluxed toluene under constant stirring for 6 h 

at 90 oC. The grafted catalysts were centri-

fuged at 2000 rpm for 2 min, then washed sev-

eral times by using methanol to remove any ex-

cess APTMS. After removal, water was re-

moved from the mixture at 80 oC. 

 

2.3 Catalytic Activity Test 

All catalysts materials were evaluated in 

the hydrocracking of waste palm oil using a 

semi-batch reactor system for 2 h under an H2 

gas flow rate 20 mL/min with under ambient 

pressure. A semi-batch reactor system is a re-

actor in which some reactants are added to the 

reactor at the start of the batch, while others 

are fed intermittently or continuously during of 

the reaction [23]. The hydrocracking process 

was done at various temperatures of 500; 550; 
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600 oC, with catalyst:feed ratios of 1:50, 1:100, 

and 1:200 (w/w) as well as the reusability test 

of the best catalyst for the waste palm oil con-

version. The liquid products were analyzed us-

ing GC-MS. The results of yield and conversion 

were calculated using the equations below: 

 

 

          (1) 

 

 

            (2) 

 

 

          (3) 

 

 

       (4) 

 

 

        (5) 

 

where, WLP is the weight of the liquid product 

(g), WWPO is the weight of waste palm cooking 

oil (g), WR is the weight of the remaining oil (g), 

and WC is the weight of the coke (g). 

 

2.4  Sample Characterization 

The functional groups constructing all cata-

lyst were recorded between 4000 to 400 cm-1 us-

ing Fourier transform infrared spectrometer 

(FTIR, Shimadzu Prestige 21) with KBr disc 

technique. The crystallinity of catalyst was 

characterized using X-ray Diffraction (XRD, 

Bruker D2 Phaser 2nd Gen). The surface area 

of all catalyst materials were analyzed using 

surface area analyzer gas sorption 

Quantachrome NovaWin2 1200e version 2.2. 

The chemical composition in LM was analyzed 

using X-ray Fluorescence (XRF, RIGAKU-NEX 

QC+QuanTEZ) with detector <160 eV @Mn K-

Alpha line. The pore images of catalysts were 

captured by using TEM (JEOL-JEM-1400) at 

120 kV. The liquid products produced from 

each hydrocracking of waste palm oil were ana-

lyzed for the content hydrocarbons and other 

compounds produced using gas chromatog-

raphy-mass spectrometry (GC-MS, Shimadzu 

QP2010) with pyrolysis method, type of column 

of HP-5 GC, and carrier gas of Helium. 

 

3. Results and Discussion 

3.1 Quantitative Analysis of Lapindo Mud 

It can be seen in Table 1 that the Lapindo 

mud consists of various types of metal oxides, 

especially SiO2 (45.33 %), Fe2O3 (24.24 %) and 

Al2O3 (18.83 %) which in previous studies acted 

as a constituent of hydrocracking catalyst 

[13,24,25]. The data confirm that Lapindo mud 

can be used as a support and hydrocracking 

catalyst. 

 

3.2  Characterizations of Catalyst 

3.2.1  Characterization of LM support 

In this study, LM is used as a support. The 

LM was calcined in order to remove impurities 

that can interfere with the catalyst perfor-

mance. LM functional groups were character-

ized using FTIR shown in Figure 1. Around 

470, 779, and 1033 cm-1 are a signal for 

Si−O−Si bending vibration [26,27]. Around 

1427 cm-1 is an indication of the stretching vi-

bration of Si−O−Al [28]. Around 1635 cm-1 is a 

signal scissor-bending vibrations of water mol-

ecules. While, peak around 3425 cm-1 for bend-

ing O−H originating from water molecules and 

3626 cm-1 which is the OH stretching vibration 

of aluminol (Al-OH) [19,29].  
Figure 2 presents a XRD characterization of 

LM before and after calcination. LM majority 

have crystalline structure displayed at 2θ 

around 20o to 30o which indicate a characteris-

tic for amorphous silica-alumina [30]. The dif-
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Table 1. XRF analysis of Lapindo Mud (LM)  

Meta oxides Composition (%) 

Al2O3 18.83 

SiO2 45.33 

K2O 1.27 

CaO 2.02 

TiO2 0.75 

MnO 0.15 

Fe2O3 24.24 

ClO 7.40 

Figure 1. FTIR spectra of LM (a) before and (b) 

after calcination  
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fractogram has a high peak at 2θ = 26.5o which 

indicates amorphous SiO2 (ICDD 01-083-2187) 

[31]. In addition, the sample presents charac-

teristic low-intensities peaks approximately 37o 

and 68o indicating Al2O3 [32]. On the diffracto-

gram around 20o-40o, it can be observed that 

LM after calcination has a shorter peak than 

before calcination. This is due to the effect of 

calcination at high temperatures which causes 

evaporation of volatile compounds and the for-

mation of oxide compounds [33,34].  

 

3.2.2 Characterizations of catalysts 

LM was impregnated with two metals, 

namely Ni and Pt metal through the wet im-

pregnation method. Table 2 shows that the im-

pregnation of Ni and Pt metals was successful. 

Ni metal has a smaller size than Pt metal so 

that Ni metal can enter more LM pores [35,36].  

The success of the impregnation of Ni and 

Pt metals is also supported by XRD data. The 

XRD analysis shown in Figure 3 revealed that 

all catalyst with Ni exhibit sharp peaks posi-

tioned at 37.3o and 62.7o, indexed as (204), and 

(220) (ICDD card no. 01-078-0145), and Pt par-

ticles have a diffraction peak at 38.4o, 50.3o, 

and 68.4o, indexed as (410), (431), and (442) 

(ICDD no. 00-039-0411). This indicates that 

the peaks are the characteristics peaks of NiO 

and PtOx, respectively [37,38]. The broad weak 

peaks indicate that Ni metal is amorphous 

which may be due to its small size and its high 

dispersion [39]. The high dispersion prevents 

the metal from forming agglomeration and 

crystallization, thereby explaining the appear-

ance of the amorphous signal [40].  
Pore analysis is determined by BET and 

BJH calculation in Table 2, in which LM has a 

Figure 2. The diffractogram of (a) LM before 

calcination and (b) LM after calcination  

Figure 3. The diffractogram of (a) LM, (b) 

Ni/LM, (c) Pt/LM, and (d) NiPt/LM  

Table 2. Bulk characterizations of catalysts  

Catalyst 
Surface Area 

(m2.g-1)a 

Pore Volume 

(cm3.g-1)a 

Pore Diameter 

(nm)a 

Metal loading (wt%)b 

Ni Pt 

LM 5.67 0.0574 27.12 - - 

Ni/LM 10.33 0.0610 15.72 6.48 - 

Pt/LM 9.61 0.0043 13.17 - 0.86 

NiPt/LM 10.45 0.0594 14.62 8.86 0.10 

NH2/LM 1.03 0.0209 14.18 - - 

Ni-NH2/LM 6.7 0.0451 19.66 5.53 - 

Pt-NH2/LM 3.64 0.0184 8.85 - 0.3 

NiPt-NH­2/LM 6.59 0.0450 15.51 1.68 0.04 

a Surface area, pore volume and pore diameter is calculated by BET and BJH 
b Metal composition is quantitatively determined by X-ray Fluorescence 
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pore diameter of 5.67 nm which indicates the 

category of mesoporous material. Meanwhile, 

the pore size distribution graph can be seen in 

Figure 4 which shows that the Ni and Pt met-

als are evenly distributed in the pore materials. 

However, in the pore distribution, Pt metal on-

ly blocked some pores. This can be attributed to 

drastic decrease in pore volume. Moreover, the 

decrease in pore volume and pore diameter is 

due to blockage of the catalyst pores by Ni and 

Pt metals. 

In the next step, all catalysts were modified 

by adding an amine group. This is done to in-

crease the catalytic activity in the hydrocrack-

ing process of waste palm cooking oil [41]. 

Characterization using FTIR was carried out to 

determine the addition of the amine group 

shown in Figure 5. The amine group grafting 

was successful where it can be seen in Figure 5 

that there is a peak at 1558 cm-1 and 3400 cm-1. 

This peak respectively indicates the bending 

and stretching of N−H bond in the structure 

APTMS. In addition, the success of the amine 

functionalization was also shown by the pres-

ence of an anti-symmetrical stretching band of 

–(−CH2) at 2931 cm-1 and the weakening vibra-

Figure 4. Pore size distribution graph of (a) LM, (b) Ni/LM, (c) Pt/LM, (d) NiPt/LM, (e) NH2/LM, (f) Ni-

NH2/LM, (g) Pt-NH2/LM (h) NiPt-NH­2/LM 
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tion of Si−OH at 956 cm-1 after the addition of 

the amine which indicated the replacement of 

the silanol group with Si−O−Si in the condensa-

tion reaction during the functionalization pro-

cess [26]. 

The amino-propyl functional group has a 

longer chain than the silanol group initially 

present on the surface of the LM support, 

which in turn fills more space in the silica pore. 

Therefore, the addition of new functional 

groups is expected to cause a decrease in sur-

face area, pore diameter, and pore volume on 

the catalyst because it is expected that less N2 

gas can access the pores during the gas adsorp-

tion analysis (Table 1). However, the Ni-

NH2/LM and NiPt-NH2/LM catalysts have larg-

er pore diameters. This is caused by the amine 

group that does not block the catalyst pores 

completely.  
 

3.3 Catalytic Activity of Catalyst 

Catalytic activity test was carried out on all 

catalysts, while as a comparison, thermal hy-

drocracking (without catalyst) was also carried 

out. The hydrocracking process WPO were done 

at 550 oC under the flow of H2 gas for 2 h. The 

utilization of heterogeneous catalyst is used to 

convert oxygenated compounds of waste palm 

oil into short-chain carbon [42]. The conversion 

and product distribution from the hydrocrack-

ing process of WPO with a feed ratio of 1:50 is 

summarized in Table 3. 

The results of thermal cracking products 

represented a fairly high amount of liquid 

product (61.4 wt.%), which contained a total of 

25.5 wt.% hydrocarbon compounds and 36 wt.% 

oxygenated compounds. The high level of oxy-

genated compounds makes the liquid product 

unsuitable for use as a fuel. By comparing 

thermal hydrocracking and hydrocracking us-

ing LM catalysts, there has been an increase in 

the gaseous product. This is due to the break-

down of long-chain hydrocarbons into short-

chain hydrocarbons [43]. 

Figure 5. FTIR spectra of (a) LM, (b) NH2/LM, 

(c) Ni/LM, (d) Ni-NH2/LM, (e) Pt/LM, (f) Pt-

NH2/LM, (g) NiPt/LM, (h) NiPt-NH2­/LM. 

Table 3. Product conversion and liquid fraction from hydrocracking of WPO 

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

nd: not detected 

Hydro-cracking 

conditions 

Total Con-

version 

(wt.%) 

Product distribution (wt.%) 

Gas  

Product 

Liquid Product 

Coke* 
C5-C12 C13-C20 

Total hydro-

carbons 

Oxygen-

ates 
Others 

Thermal 99.7 38.2 13.8 11.7 25.5 16.2 19.8 nd 

LM 99.4 43.2 2.6 8.3 10.9 29.3 16 0.6 

Ni/LM 99.7 57.3 12.8 19.5 32.3 9.3 0.8 0.3 

Pt/LM 99.7 63.4 15.7 14.6 30.3 2.1 3.9 0.3 

NiPt/LM 99.8 34.8 12.1 24.8 36.9 9.0 19.1 0.2 

NH2/LM 99.5 30.2 26.5 25.0 51.5 6.0 11.8 0.5 

Ni-NH2/LM 99.6 37.4 29.9 24.4 54.3 3.6 4.3 0.4 

Pt-NH2/LM 99.7 52.3 24.0 20.4 44.4 1.1 1.9 0.3 

NiPt-NH2/LM 99.7 20.4 27.4 28.5 55.9 6.8 16.6 0.3 
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As a catalyst, LM has a high amount SiO2 

which is known to increase the acid content 

surface [44]. The acidity material affected the 

formation of carbenium ions by initiation on ac-

id site, hence producing more short-chain hy-

drocarbons [30,45]. LM which contains high 

metal oxides can support the deoxygenation re-

action to form long chain hydrocarbons. LM has 

a lower total of hydrocarbon compounds com-

pared to thermal conditions due to too many 

products that are converted to gaseous prod-

ucts and the resulting liquid product produce 

oxygenate compounds which are quite high as 

well. 

The increase in the catalytic activity of the 

catalyst was carried out by the impregnation of 

monometallic and bimetallic metals. In this 

study, Ni and Pt monometallic as well as NiPt 

bimetallic metals were used. As expected, the 

impregnation of Ni and Pt metals increased the 

catalytic activity. This is because Ni has two 

unpaired electrons in its d orbital which are ac-

tive in the dissociation of H2 during hy-

drocracking process, whereas Pt as a noble 

metal is known to be the best catalyst for hy-

drocarbon reforming and alcohol because of its 

remarkable ability to break C−C bonds [26,46]. 

In addition, bimetallic metal impregnation on 

LM support was done, on the grounds that bi-

metallic catalysts using Pt and 3d metals (Ni) 

have shown better activity than monometallic 

Pt in deoxygenation mechanism [47]. Modifica-

tion of the bimetallic catalyst increased the liq-

uid product and hydrocarbon compounds by 

65.6 wt.% and 36.9 wt.% respectively, which is 

higher than the liquid product and hydrocarbon 

compounds produced by monometallic catalysts 

(Ni/LM and Pt/LM) (Table 3).  

WPO is converted into biofuel, where WPO 

contains triglycerides and free fatty acids 

(FFA), triglycerides are converted to hydrocar-

bons through a dehydrogenation mechanism. 

The deoxygenation mechanism consists of three 

reactions namely decarboxylation, decarbonyla-

tion, and hydrodeoxygenation [48]. LM, Ni/LM, 

Pt/LM, and NiPt/LM catalysts are included in 

the decarboxylation, and decarbonylation 

mechanism processes. This is because the 

cracking process using the catalyst produces a 

high enough gas (Table 3). This shows that 

there is a process of releasing one of the carbon 

in the form of CO and CO2.  
Improvement was taken further by addition 

of the amine group which overall exhibited 

higher liquid product conversion and hydrocar-

bon compounds than un-grafted catalysts. This 

study found that the WPO used in the hy-

drocracking process contained a lot of FFA and 

impurities. So that the hydrocracking process 

using LM without the addition of metal produc-

es a relatively high amount oxygenates which 

is 29.3 wt.%. This indicates that LL is not se-

lective enough to adsorb FFA. The addition of 

an amine group increases the selectivity of the 

liquid product and hydrocarbon compounds. 

For example, the yield of liquid products and 

the hydrocarbon compounds Ni-Pt-NH2 cata-

lysts increased by 79.3 wt.% and 55.9 wt.%, re-

spectively. The amine group shifted the selec-

tivity towards decarboxylation reaction where 

there is an interaction between the amine and 

carboxylate group which weakened the bond in 

the carbonyl group of FFA, leading to the scis-

sion of the C–C bond cleavage of the carboxyl 

group in FFA through decarboxylation. The re-

action mostly occurred at terminal carbon, thus 

generating long chained molecules in the liquid 

fraction [26]. Furthermore, the oxygenate con-

tent in the liquid product of each grafted cata-

lyst was significantly lower than that of the 

un-grafted catalyst. On the other hand, the 

coke formation was increased due to the block-

ing of the catalyst pore when the amine groups 

absorbed the WPO causing the molecules to be 

trapped in the catalyst pores. 

 

3.3.1  Effect of temperature and catalyst: feed 

ratio in the catalytic activity of WPO using 

NiPt-NH2-LM 

In this study, the catalyst that has the best 

catalytic activity and selectivity is NiPt-

NH2/LM. Hereinafter, the NiPt-NH2/LM cata-

lyst will be subjected to variations in tempera-

ture and catalyst: feed ratio in the process of 

converting WPO into biofuel. As can be seen in 

Table 4, the highest conversion of liquid prod-

uct was produced at a temperature of 550 oC. A 

significant increase in liquid products and hy-

drocarbon compounds occurred from a temper-

ature of 500 oC to 550 oC. This was probably 

caused by the amount of WPO that was ad-

sorbed into liquid products in proportion to the 

amount of carbon compounds produced [49]. At 

a temperature of 600 oC, the activity and selec-

tivity of the catalyst decreased due to the in-

complete cracking process, resulting in the 

thermal decomposition. This thermal decompo-

sition causes the cracking of long hydrocarbons 

into lighter hydrocarbons [50,51]. Besides that, 

it also increases the formation of gases sup-

porting the formation coke. 

Coke formation decrease with increasing 

temperature. This proves that with an increase 

in temperature, the feed can be well adsorbed 

and produce high liquid products and hydro-
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carbon compounds. However, at a temperature 

of 600 oC coke increases. This is because WPO 

can not be absorbed into liquid products and 

deposited on the surface of the catalyst [52]. 

The decrease in product gas from a tempera-

ture of 500 oC to 550 oC is caused by perfect 

cracking, so that WPO can be converted into 

gasoline and diesel. But a temperature of 600 
oC there is an increase in gas product cause by 

cracking that occur at high temperatures. So 

this can be attributed to the fact that higher 

temperature accelerated thermal decomposi-

tion, thereby breaking long-chain hydrocarbons 

into light hydrocarbons molecule [53]. 

Table 4 shows that the best temperature al-

so affects the activity and selectivity of the 

WPO hydrocracking process. The higher the 

temperature, the liquid product and hydrocar-

bon compounds decrease. Moreover, the lower 

the temperature, the lower the liquid product 

and hydrocarbon compounds. With the result 

that, the optimum temperature is needed in the 

WPO cracking process to obtain liquid products 

and high hydrocarbon compounds [54,55]. At 

the optimum temperature (550 oC) obtained liq-

uid products and hydrocarbon compounds of 

79.3 wt.% and 55.9 wt.%, respectively. 

After obtaining the best NiPt-NH2/LM cata-

lyst activity and selectivity at a temperature of 

550 oC, the next step is to vary the catalyst: 

feed ratio. The ratio catalyst: feed used is 1:50, 

1:100, and 1:200 (w/w). In the fact that increas-

ing the catalyst: feed ratio leads to decrease in 

the liquid product and hydrocarbon compounds. 

This is possible because the greater the cata-

lyst: feed ratio, the greater the amount of feed 

that interacts with the catalyst surface. The 

greater the interaction between the catalyst: 

feed ratio causes the formation of coke which 

blocks the pores of the catalyst, causing pre-

vents the cracking process [56]. 

Table 4 indicates an increase in gas prod-

ucts. This is probably due to the occurrence of 

decarboxylation / decarbonylation mechanism. 

This mechanism removes one carbon from the 

ester chain in the form of carbon dioxide and 

the reduction stops in the production of alde-

hydes/ ketones [57]. There is decrease in organ-

ic compounds along with an increase in the ra-

tio of catalyst:feed. This is because the liquid 

product contains more hydrocarbon compounds 

than other organic compounds (Table 4). 

 

3.3.2  Reusability of NiPt-NH2/LM catalyst in 

hydrocracking of WPO 

NiPt-NH2/LM catalyst was the best catalyst 

with a temperature and catalyst:feed ratio of 

550 oC and 1:50, respectively. Furthermore, the 

reusability of the NiPt-NH2/LM catalyst was 

carried out for 3 runs to test the stability of the 

catalyst in the WPO hydrocracking process. As 

shown in Table 5, there was decrease in the liq-

uid product and hydrocarbon compounds, after 

the reusability. The distribution of the liquid 

products (C5 – C12 and C13 – C20) decrease with 

reuse of the catalyst and cause an increase in 

the gaseous product. 

The decrease in the activity and selectivity 

of the catalyst was caused by the formation 

coke which blocks the pores of the catalyst and 

covers the active site of the catalyst, thereby 

inhibiting the catalytic process. Some of the 

things that cause the deactivation of the cata-

lyst are poisoning and coke formation. Poison-

ing is often caused by the chemisorption of im-

purities on the catalyst, whereas coke result 

from the formation and deposition of carbon on 

the catalyst. Carbon can be formed as a prod-

uct or an intermediate resulting from side reac-

tion, in both cases blocking the active site. 

Both coke formation a poisoning by heavy met-

Table 4. Product conversion and liquid product fraction using NiPt-NH2-LM catalyst under tempera-

ture and catalyst:feed ratio variation 

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

Hydro-

cracking  

conditions 

Total Con-

version 

(wt.%) 

Product distribution (wt.%) 

Gas 

Product 

Liquid Product 

Coke 
C5-C12 C13-C20 

Total  

hydrocarbons 

Oxygen-

ates 
Others 

Variations of temperature with catalyst:feed of 1:50 

500 oC 99.8 59.4 22.8 8.8 10.9 2.1 5.7 1.0 

550 oC 99.7 20.4 27.4 28.5 55.9 6.8 16.6 0.3 

600 oC 99.8 40.0 19.5 33.2 52.7 2.8 3.8 0.5 

Variations of catalyst:feed ratio with temperature of 550 oC   

1:100 99.8 41.5 24.5 25.2 49.7 3.2 16.6 0.6 

1:200 99.8 67.4 9.4 13.1 22.5 5.3 5.6 0.2 
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als lead to deactivation of the catalyst during 

cracking which may or may not be reserved 

[58-60]. Table 5 points out that the product gas 

increases due to deactivation catalyst. Deacti-

vation of the catalyst causes localized and un-

controlled cracking process [61]. A decrease in 

activity catalyst followed by a decrease in selec-

tivity, but it can be seen that the reusability of 

the catalyst is able to reduce the oxygenate 

compound. 

Figure 6 shows the morphology of the NiPt-

NH2/LM catalyst before and after the hy-

drocracking process. Before the hydrocracking 

process, the material did not show agglomera-

tion. However, after hydrocracking process oc-

curs agglomeration and form of dark spot. Dark 

spot could be spotted on the catalyst which was 

expected from the formation of coke causing 

pore blockage, therefore inhibited the interac-

tion between catalyst and feed. 

 

4. Conclusion 

Catalytic hydrocracking of waste palm oil 

(WPO) was carried out using a catalyst made 

from the raw material of Lapindo mud (LM) 

which was modified using Ni and Pt metals as 

well as grafting using NH2. The use of bimetal-

lic metal catalysts is more promising in the hy-

drocracking process. The presence bimetallic 

metal can increase the activity and selectivity 

in the hydrocracking process. In addition, the 

amine group grafting process can reduce the 

oxygenate compounds produced in the liquid 

product. In this study, NiPt-NH2/LM was the 

best catalyst in the hydrocracking process at a 

temperature of 550 oC and a catalyst: feed ratio 

1:50. The liquid products and hydrocarbon 

compounds produced by the NiPt-NH2/LM cat-

alyst were 79.4 wt.% and 55.9 wt.%, respective-

ly. A reusability test was also done on the 

NiPt-NH2/LM catalyst and the results indicat-

ed that the liquid product and hydrocarbon 

compounds decreased after the reusability test 

catalyst. However, the liquid product produced 

after the use of the second and third catalyst 

still showed the presence hydrocarbon com-

pounds. The amount of hydrocarbon com-

pounds produced after the third reusability 

test was 23.6 wt.%. In overall, the metal-based 

and amine-functionalized catalysts significant-

ly improved the catalytic activity and selectivi-

ty towards liquid products and hydrocarbon 

compounds by reducing oxygenated compound. 

 

 

 

Figure 6. TEM images of NiPt-NH2/LL (a) fresh (b) after one-time hydrocracking (c) after second-time 

hydrocracking  

Table 5. Product conversion and liquid fraction using NiPt-NH2-LM catalyst in reusability test 

1The first hydrocracking used a NiPt-NH2/LM catalyst. 
2The second hydrocracking used a NiPt-NH2/LM catalyst. 
3The third hydrocracking used a NiPt-NH2/LM catalyst. 

Hydrocracking 

conditions 

Total 

Conver-

sion 

(wt.%) 

Product distribution (wt.%) 

Gas 

Product 

Liquid Product 

Coke 
C5-C12 C13-C20 

Total  

hydrocarbons 

Oxygen-

ates 
Others 

NiPt-NH2/LM1 99.7 20.4 27.4 28.5 55.9 6.8 16.6 0.3 

NiPt-NH2/LM2 99.7 84.2 4.0 5.9 9.9 2.2 1.8 1.6 

NiPt-NH2/LM3 99.8 71.2 12.9 10.7 23.6 1.6 3.2 0.2 
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