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Abstract. The use of renewable fuels is an alternative for the Indonesian government in
addressing the problem of the energy conservation and environment. One of the keys to
the success of the renewable fuel manufacturing process in the cracking method is the
type and composition of the catalyst. This study conducted a performance test of Zn
HZSM-5/y-alumina (1:1) and (1:2) catalysts for stearin cracking. The reaction test was
carried out at 350 to 450 °C with an increase in temperature of 25 °C. Stearin catalytic
cracking was carried out in a fixed bed reactor that had been filled with catalysts. Stearin
cracking results in a mixture of products in the vapor phase. The product was pushed and
flowed through the condenser. In the condensation process a mixture of liquid and solid
were produced. The liquid product was separated from the solid product, then its
composition was analyzed using GC-MS. The results showed that the Zn-HZSM-5/y-
alumina catalyst (1:1) and (1:2) can be used for cracking stearin to produce biofuels.
Catalyst of Zn-HZSM-5/y-alumina (1:1) is better than Zn-HZSM-5/y-alumina (1:2) in
producing products. The highest liquid yield of 26.40 wt% is obtained when the cracking
process is carried out at 450 °C using a catalyst of Zn-HZSM-5/y-alumina (1:1).
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1 Introduction

HZSM-5 catalyst is an effective catalyst for the process of cracking
[T121[31[41[51[6]1[7]1[8]. HZSM-5 catalyst can be made from a mixture of certain chemicals by
the Plank or Latourette method [3][5][7][9]. Catalysts such as natural zeolite rocks have been
produced by some studies [10][11][12]. Catalyst of HZSM-5 and its derivatives are commonly
used for cracking [1][8][13][14][15][16][17][18][19][20]. In addition, this catalyst can also be
used to increase the production of glycerol [21]. Although the HZSM-5 catalyst has been
shown to be able to cracking, this catalyst has weaknesses particularly the selectivity yield is
still low [13].

The HZSM-5 catalyst's quality enhancement was performed to increase the yield of major
products, material selectivity, acid tolerance, and high-temperature resistance. Several studies
have made improvements by adding precious metals such as platinum and palladium [13], The
use of Pt/HZSM-5 and Pd/HZSM-5 catalysts has improved product yields, but because the
price of precious metals is very expensive, these catalysts have not been mass-produced.
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Additional studies try to combine cobalt and nickel to improve performance than HZSM-5
[3]. The use of Zn-HZSM-5 to improve the catalyst and has been shown to increase product
yield, but this catalyst has a decrease in efficiency at high temperatures [8][22]. Zn-HZSM-
S/y-alumina catalyst is a two-catalyst combination that acts for cracking and has heat
resistance as well. This catalyst has shown that it can be used to produce Calophyllum
Inophyllum oil biofuels [18][22][23].

The successful use of Zn-HZSM-5/y-alumina catalysts to transform liquid plant oils into
biofuels was very interesting although some biofuel raw materials in the form of solids are
available. Stearin, Plastics and PFAD are one of the solid raw materials
[14][24][25][27][28][29]. This fraction is less familiar with the general public, making it
harder to sell [27]. Generally, solid fractions are harder to crack than that of fluid fractions.
Therefore, a study to test Zn-HZSM-5/gamma Aluminum Catalyst for RBD Stearin cracking
need to be conducted.

2 Research Methods

This study was conducted in the laboratory of renewable energy Institut Teknologi Adhi
Tama Surabaya. The raw materials used were RBD stearin that available in Indonesian
market, Zn-HZSM-5 and y-alumina catalyst. As much as 1000 grams of RBD stearin were put
in the reactor as shown in Figure 1. Ratio of Zn-HZSM-5 against y alumina catalyst (1:1) as
much as 10 grams was included in the fixed bed reactor. The catalyst was hold by glass wool
on the top and bottom of the fixed bed. The reactor was setup according to Figure 1. The
reactor heater was then turned on and set at 350°C or according to the experimental variable.
Stearin was evaporated when it reached that temperature. Stearin vapor flows to the top of the
reactor and move through the catalyst, followed by cracking reactions. The combination of
non-reacting materials and products will be pushed to the condenser. The cooling water tap on
the condenser was opened to allow the cooling process to take place at the condenser. The
liquid material mixture was collected in a container that was then analyzed using Gas
Chromatography and Massa Spectrometer (GC-MS).
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Fig. 1. Stearin RBD cracking device series using Zn-HZSM-5 catalyst/y-alumina.



3 Results and Discussion

3.1 The Effect of Temperature and Composition of Zn HZSM-5/y-alumina Catalysts on
Biofuel yields produced

Biofuel yields from cracking of RBD-Stearin using Zn-HZSM-5/y-alumina catalyst (1:1)
and (1:2) at different temperatures can be seen in figure 2. Liquid biofuel yield is one indicator
of catalytic performance in the production of a liquid biofuel fraction. The results showed that
an increase in temperature increases the yield of liquid biofuel. The results of this study are
supported by other studies in which the higher the reaction temperature and reaction time the
higher the yield in the catalytic cracking process [30]. The increase in the yield of liquid
biofuel is due to the high-temperature catalysts activity that capable to break organic carbon
chains of stearin and converted into biokerosen, biogasoline, and biodiesel fractions by
releasing CO2 and CO gasses [14].
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Fig. 2. Effect of temperature and catalyst ratio on the yield of liquid biofuel from RBD stearin using Zn-
HZSM-5 /j~alumina catalysts (1:1) and (1:2).

The increasing of temperature at catalyst composition (1:1) from 350 to 400°C produce
the liquid biofuel yield from 10% to 21%. However, in the temperature range of 400 to 450°C
the yield decreases to 17.30%. This is due to differences in catalyst activity in various
temperature. The results of this study in line with the results of the synthesis of palm oil
biofuel with the Au/HZSM-5 catalyst and its composites. The highest yield in the catalyst
composition (1:1) was 26.40% at 450°C and the lowest yield was 6.70% at 350°C. In the (1:2)
catalyst composition the product yield of 18.90% obtained at the highest temperature of 450°C
and the lowest yield of 6.30% obtained at 350°C.

3.2 Effect of Temperature and Composition of Zn HZSM-5/y-alumina Catalysts on
Biofuel selectivity produced

Biofuel compositions were analyzed using gas-spectroscopic chromatography or GC-MS
to produce liquids such as C6 to C30 hydrocarbon atoms. A very wide range number of C
atoms is difficult for classification. It can be overcome by dividing the number of C atoms into
three main components, such as biogasoline, biokerosene, and biodiesel. The grouping of C
atoms into three main components refers to Ortega who facilitate the classification, where



biogasoline was a component with number of carbon C6 to C11, biokerosene with C12 to C20
number of carbon component and biodiesel with C21 to C30 carbon component [31].

Table 1. Results of biofuel selectivity with Zn-HZSM-5/y-alumina catalyst composition 1:1
Selectivity %

No Temperature (°C) Biogasoline Biokerosene Biodiesel
1 350 41.09 43.50 4.80
2 375 32.85 60.18 6.08
3 400 20.07 73.90 5.86
4 425 14.52 75.94 9.33
5 450 11.65 74.52 12.98

Table 2. Results of biofuel selectivity with Zn-HZSM-5/y-alumina catalyst composition 1:2
Selectivity %

Temperature (°C) Biogasoline Biokerosene Biodiesel
1 350 41.22 51.94 0.86
2 375 29.30 54.33 11.94
3 400 25.80 67.39 6.22
4 425 12.68 72.50 13.51
5 450 16.22 71.46 8.94
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Fig. 3. Effect of Temperature and Zn-HZSM-5/y-alumina catalyst with 1:1 composition on Biofuel
selectivity.

Table 1 shows that the higher the temperature of the reaction. the lower the biogasoline
selectivity. The results of the biogasoline selectivity reached a maximum value of 41.09% at a
temperature of 350°C then continued to descend as the temperature increase. This is caused by
at high temperature. there is an increasing gas product due to addition in cracking products.
The results of this study were similar to the pattern of production of Cerbera Odollam oil
biofuels. The study has shown that the higher the cracking temperature, the lower the
biogasoline selectivity [7]. Biokerosene selectivity continues to rise along with the increase of
temperature until it reaches a maximum value of 75.94% at 425°C then it decreases at 450°C.
Whilst, biodiesel selectivity continues to raise with a maximum temperature increase of
12.98% at 450°C, this was due to an increase in biodiesel and biokerosene selectivity caused
by the effect of the Zn-HZSM-5 catalyst.

Figure 3 shows that the temperature of 350°C is the most optimal temperature to get
biogasoline selectivity. While the optimum biokerosene selectivity is at 425°C and the most



optimal biodiesel selectivity is reached at 450°C. This shows that one of the factors that has a
big influence in the selectivity of biogasoline, biodiesel, and biokerosene is cracking

temperature.
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Fig. 4. Effect of Temperature and Zn-HZSM-5 /y- alumina catalyst with 1:2 composition on biofuel
selectivity.

Table 2 shows that the higher the reaction temperature, the lower the selectivity of
biogasoline. it can be seen that there is a decrease of biogasoline selectivity at 350°C to 425°C
from 47.45% to 15.19%, followed by escalation at temperatures 450°C to 19.26%.
Furthermore, with the rise in temperature, the biofuel selectivity begins to decrease because
the catalyst activity tends to behave similarly. Seeing the high temperatures, the acidity of the
catalyst increases so it is resulting in higher conversion. The product selectivity decreases if
the conversion increases [32]. Biokerosene selectivity increased with a rise in temperature at
350°C to 450°C from 48.94% to 69.43%. Whereas the selectivity of biodiesel continues to
increase along with a maximum temperature rise to 14.75% at 425°C and decrease to 8.30% at
a temperature of 450°C.

Figure 4 also shows that the optimum biogasoline selectivity is at 350°C, while the
maximum biokerosene and biodiesel selectivity is at 450°C. Based on the results of the
selectivity calculations obtained from all studies with different variables, the maximum
biogasoline selectivity of 48.11% is obtained by the use of Zn-HZSM-5/y-alumina catalysts
with a ratio composition of 1:1 at 350°C. The highest biokerosene and biodiesel selectivity is
obtained from the use of the same ratio composition of catalyst at 450°C at 72.05% for
biokerosene and 12.26 % for biodiesel.

4 Conclusion

Studies of Zn-HZSM-5/y-alumina catalyst against RBD stearin cracking have been
proven to produce biofuel. Ratio composition of Zn-HZSM-5/y-alumina catalyst (1:1) gives a
higher yield than that of Zn-HZSM-5/y-alumina catalyst (1:2). The highest biogasoline
selectivity is reached at 48.11% with a Zn-HZSM-5/y-alumina catalyst (1:1) at a temperature
of 350°C. The highest biokerosene and biodiesel selectivity is reached with Zn-HZSM-5/y-
alumina catalyst (1:1) at a temperature of 450°C with a yield of 72.05% for biokerosene and
12.26% for biodiesel. Zn-HZSM-5/y-alumina catalyst (1:1) provides two main products that is
biogasoline and biokeresene at the various temperature conditions.
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