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 Glycerol is a by-product of biodiesel production with the amount of 10% of the total biodiesel 

product. To increase the utility and economic value of glycerol, it can be processed into 
several derivative products. One of the glycerol derivative products is currently being 

developed through the acetylation process. Glycerol acetylation product has been 

investigated as a component that can be used to increase the octane number of commercial 
fuels, otherwise known as bio-additives or octane boosters. This study aims to convert 

glycerol from the by-product of biodiesel production through the acetylation process using a 

modified solid catalyst Ni/γ-Al2O3 in a fixed bed reactor. The focus of this research is to 

study the effect of reactant flow rate and the mole ratio of glycerol to acetic acid on glycerol 
conversion. The variations used were flow rates of feed from 40, 60, 80 and 100 ml/minute, 

and the mole ratio of glycerol to acetic acid was 1:3, 1:5, 1:7, and 1:9. The experiment was 
carried out in several stages, namely: preparation and modification of the catalyst, the 

acetylation process and product application into commercial fuels. The acetylation reaction 

took place at a temperature of 100 °C and the mass of the catalyst used was 5% of the mass 
of glycerol. The results showed that the highest conversion of 74.24% was achieved under 

operating conditions with a reactant flow rate of 40 ml/min and glycerol to acetic acid mole 
ratio of 1:9. The utilization of acetylation products as bio-additives is carried out by adding 

reaction products to Pertamax fuel. The highest increase in octane number of Pertamax fuel 

at the addition of 8% volume of acetylation product from the initial octane number of 93 
increased to 102 (increased by 10%). 
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INTRODUCTION 

 

Green energy policies have encouraged 

increased production of biodiesel as a biofuel to 

reduce the use of fossil fuels. In the biodiesel 

production process, the by-product in the form of 

glycerol is approximately 10% by weight (Meireles 

& Pereira 2013). Thus the utilization of excessive 

crude glycerol is becoming so necessary to convert 

glycerol into more valuable products and 

environmentally friendly (Silva et al., 2010). One of 

the promising routes to the conversion of glycerol is 

by esterification process into glycerol derivatives 

such as glycerol ester, acetyl glycerol and glycerol 

acetal (Bagheri et al., 2015; Sun et al., 2016). The 

glycerol derivatives obtained from the acetylation 

reaction produce acetin compounds (mono-, di- and 

tri-ester glycerol). which is widely used as a 

commercial fuel additive (Gryglewicz 1999; 

Meireles and Pereira 2013). Triacetin can be used as 

an additive to reduce the knocking properties of 

gasoline (Mou et al., 2021). Apart from that, acetin 

compounds are also widely used in the food, 

cosmetic and pharmaceutical industries (Gholami 

et al., 2014; Mufrodi et al., 2018; Quispe et al., 

2013). In previous studies, the glycerol acetylation 

process was mostly carried out using a 

homogeneous acid catalyst such as sulfuric acid 
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(Meireles & Pereira 2013; Mufrodi et al., 2014). 

Reactions involving strong acids such as H2SO4 will 

make the separation and purification of triacetin 

products more difficult (Kale et al., 2015). 

Futhermore, acidic solutions can damage the 

environment. Another type of catalyst that is often 

used in this reaction is a heterogeneous catalyst with 

a solid form. Solid catalysts have the advantage that 

they are easy to separate from the product, and can 

be used many times through catalyst regeneration 

(Ferreira et al., 2009). 

There have been several attempts at 

acetylation of glycerol using solid acid catalysts in 

forms such as Amberlyst, niobatic acid, heteropoly 

acid, zeolite and others (Banu et al., 2020; 

Manurung et al., 2020; Sun et al., 2016). From 

previous studies it was explained that 

heterogeneous catalysts resulted in higher glycerol 

conversion and selectivity to the desired product. 

On the other hand, solid acid catalysts such as 

zeolite, amberlyst and heteropoly acid show good 

thermal stability and regeneration ability as well as 

specific surface area convinient for esterification 

reactions (Dewajani et al., 2019; Mufrodi et al., 

2013; Okoye and Hameed 2016). In this study, the 

acid-solid catalyst properties were improved by 

modifying the catalyst using metal oxides so as to 

produce a catalyst that is more stable, easy to 

regenerate and has more active sites. 

The Ni/γ-Al2O3 catalyst is a metal 

supported catalyst consisting of metal and a 

support. The active side of the metal can use alkali 

metals and transition metals. The metal is in the 

form of a precursor salt such as Ni from the 

Ni(NO3)2 ·6H2O salt. Nickel is included in group 

VIII B which is often used as a heterogeneous acidic 

catalyst. The choice of Ni metal as a catalyst is 

because the bonds formed between Ni metal and the 

reactants are relatively weak, so that the reaction 

products are easily released from the surface of the 

catalyst (Savitri et al., 2016). The advantages of γ-

Al2O3 as a catalyst carrier are its large surface area 

and well-defined porosity (Murdijanto et al., 2010). 

The γ-Al2O3 buffer has a large surface area, namely 

150-300 m2/g, large pore size and volume, and its 

performance tends to be stable at high temperatures 

(Silva  et al., 2010). 

The reactor selection is one of the 

important considerations in research. Previous 

studies still used a simple batch reactor (Dewajani 

et al., 2019; Kale et al., 2015; Silva et al., 2010; 

Zhou et al.,  2012)  or a combination column 

(Mufrodi et al., 2013). In a batch reactor there is no 

mass entering and leaving during the reaction, thus 

the concentration at all points is always the same or 

homogeneous. However, achieving high 

conversion takes a long time. This research was 

carried out using a fixed bed reactor to overcome 

the shortage of batch reactors. Fixed bed reactors 

have a fluid flow profile close to plug flow reactors 

which can result in higher conversion. This study 

aims to determine the effect of reactant flow rate 

and mole ratio of glycerol: acetic acid to glycerol 

conversion in the fixed bed reactor and to determine 

the performance of reaction products as commercial 

fuel bio-additives to increase the octane number of 

fuels.  

 

MATERIALS AND METHODS 

 

Materials 

The raw material used in this research was 

crude glycerol with 87% purity obtained from the 

by-product of the Biodiesel Plant in Gresik, East 

Java, acetic acid glacial, γ-Al2O3 catalyst, 5% (w/w) 

of Ni(NO3)2 ·6H2O solution, 0.1 N NaOH solution, 

and distilled water. 

 

Methods 

This research was carried out in the 

following stages: 1. Preparation and activation of 

catalysts, 2. Modification of catalysts, 3. 

Characterization of catalysts, 4. Acetylation 

reactions, 5. Application of reaction products as 

additives in commercial fuels. 

 

Preparation and Activation Catalyst 

The γ-Al2O3 catalyst was washed using 

distilled water to remove impurities. The washed γ-

Al2O3 catalyst was filtered and dried at 110 °C for 3 

hours and followed by calcination at temperature of 

500 °C for 4 hours. 

 

Catalyst Modification 

The catalyst modification was carried out 

using the wet impregnation method by adding of 

5% (w/w) solution of Ni(NO3)2 ·6H2O solution into 

calcined γ-Al2O3 catalyst followed by refluxing the 

mixture at 85°C for 3 hours. The impregnated 

catalyst was dried at 110 °C and calcined using a 

furnace at 500°C for 4 h then oxidized and reduced 

at 400 °C for 2 hours. 
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Characterization of Catalysts 

The modified Ni/-Al2O3 catalyst was 

characterized using BET, XRD and XRF analysis. 

BET analysis aimed to determine the surface area 

of the materials, pores distribution, and gas 

adsorption on the materials. XRD analysis was 

used to observe the characteristic of a solid’s crystal 

structure. XRF analysis was used to determine the 

chemical composition and the concentration of 

catalyst constituent that had been through 

impregnation process. 

 

Acetylation Reaction 

The glycerol acetylation process was taking 

place in a fixed bed reactor with the configuration 

shown in Figure 1. Glycerol with a volume of 100 

ml and acetic acid with a mole ratio of 3:1, 5:1, 7:1 

and 9:1 according to the specified mole ratio 

variable is entered into the feed tank. The Ni/γ-

Al2O3 catalyst as much as 5% by weight of glycerol 

was introduced into the pipe reactor. The glycerol 

and acetic acid in the feed tank are heated to a 

temperature of 100 °C. The reactor containing the 

catalyst was heated to a constant temperature at 100 

°C and then the reactant flow rate was adjusted 

according to the variables of 40, 60, 80 and 100 

ml/min. Furthermore, the glycerol - acetic acid 

solution was flowed into the reactor containing the 

catalyst. The product stream leaving the reactor was 

recorded as the first pass and samples were taken for 

analysis of glycerol conversion using the 0.1N 

NaOH titration method. The titration results show 

the remaining unreacted of acetic acid in the 

product, then through the stoichiometric 

calculation of the reaction, the glycerol conversion 

will be obtained. The esterification reaction was 

continued by flowing the first product into the 

reactor under the same reaction conditions and 

analyzing the conversion of glycerol into the second 

product. Prior to testing the physical properties, the 

acetylated product was purified by distillation at a 

temperature of 120°C to evaporate acetic acid. 

 

Application of Reaction Products as Additives in 

Commercial Fuels 

The performance of the acetylation 

reaction product as a fuel additive was carried out 

by adding the product to commercial fuel to 

determine its effect on the octane number. 

Determination of the octane number of commercial 

fuels is carried out using a portable octane number 

device. Commercial gasoline fuels namely 

premium, pertalite and pertamax are mixed with 

acetylated products with variations of 0-8% (v/v). 

The sample was stirred until homogeneous and the 

octane number tool port is dipped into the sample 

until a constant number is read on the screen 

showing the octane number of the fuel being tested. 

 

RESULTS AND DISCUSSION 

 

Analysis of Catalyst Using BET-BJH  

The initial and modified (Ni/γAl2O3) 

catalysts   were    tested    using   the   BET   (Brunaur,  

 

 

 
Figure 1. Schematic of apparatus fixed bed reactor for acetylation glycerol. 
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Figure 2. Isotherm curve of the adsorption-desorption of N2. 

Emmett and Teller) method. Metal impregnation 

into the catalyst aims to increase the activity of the 

catalyst. The characteristics of catalysts can be 

predicted through isotherm curves of adsorption-

desorption reaction which shows the interaction of 

the N2 that was adsorbed into the catalyst pores 

during analysis. The pore characteristics can be 

estimated through the form of adsorption-

desorption isotherm and hysteresis. 

The adsorption-desorption isotherm curve 

is shown in Figure 2, depicting the interaction of N2 

gas that is absorbed into the pores of the catalyst 

during the analysis process. The pore distribution 

curve using the BJH (Barret-Joyner-Halenda) 

method as shown in Figure 3 was used to determine 

the average pore diameter, pore size distribution, 

and total pore volume. Table 1 shows the difference 

between surface area, pore distribution, and mean 

pore diameter for the catalyst before and after 

impregnation. In general, the surface area, pore 

distribution, and average diameter of the catalyst 

will decrease after the deposition of Ni metal. 

The pore distribution of catalyst can be 

identified as shown in Figure 3 and Table 1. 

Mesopore catalysts with a pore diameter of 2 – 50 

nm appeared dominant within the catalyst before 

and after the impregnation process. The size and the 

size distribution of catalyst pores were considered 

as important parameters in catalyst characteristics 

to ensure that the pore size of a catalyst is bigger 

than the size of the reactant particle because 

reactant can be bound to the active site of the 

catalyst. 

The pore distribution of catalyst can be 

identified as shown in Figure 3 and Table 1. 

Mesopore catalysts with a pore diameter of 2 – 50 

nm appeared dominant within the catalyst before 

and after the impregnation process. 

The pore size distribution of catalyst pores 

was considered as important parameters in catalyst 

characteristics to ensure that the pore size of a 

catalyst is bigger than the size of the reactant 

particle because reactant can be bound to the active 

site   of  the   catalyst.  The   results   from   the   BET 

 

Table 1. Characteristics of Catalyst from BET Analysis.

0

10

20

30

40

50

60

0 0.2 0.4 0.6 0.8 1

V
o

lu
m

e 
N

2
 (

cm
3
)

P/P0

γAl2O3 Ni/γAl2O3

Catalyst Characteristics γ-Al2O3 Ni/γ-Al2O3 

Surface area (m2/gr) 131.215 32.679 

Pore size distribution:  

Micropores volume (cm3/gr) 0.0000 0.00% 0.0000 0.00% 

Mesopores volume (cm3/gr) 0.0360 90.95% 0.3809 88.24% 

Macropores volume (cm3/gr) 0.0036 9.05% 0.0508 11.76% 

Total pore volume (cm3/gr) 0.0395 0.4317 

Average pore diameter (nm) 24.0652 23.8722 
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Figure 3. Pore size distribution of catalyst. 

analysis showed that the surface area of γ-Al2O3 

catalyst was 131.215 m2/gram slightly different 

from several previous studies, i.e 131.046 m2/gram 

(Savitri et al., 2016). The surface area of the catalyst 

after impregnation of 7% Nickel is 32.679 m2/gram 

which means that it shrinks by 75.09% of the area 

before impregnation. During the impregnation,  

calcination, reduction, and oxidation processes 

occur which are expected to open the pores of the 

catalyst to be larger. However, the metal deposition 

process also covered the entire surface of the 

catalyst, so that the decrease in pore diameter 

resulted in a decrease in the surface area of the 

catalyst. 

 

Analysis of Catalyst Using XRD and XRF 

XRD analysis was used to determine the 

characterization of the crystal structure of solid 

materials. The crystallinity of material can be seen 

through the diffractogram pattern. Table 2 showed 

that 2Ɵ value of γ-Al2O3 catalyst in the reference 

(Okamoto, 1998) and the samples were similar. The 

γ-Al2O3 catalyst analysis which was done by 

Murdijanto et al. (2010) produced a peak 2Ɵ value 

in 32°; 37.6°; 45.48°; and 68.81°. In the catalyst 

 

Table 2.  The diffractogram patterns of γ-Al2O3 and 

Ni/γ-Al2O3. 

γ-Al2O3 reference 

(Murdijanto et al., 2010) 
γ-Al2O3 Ni/γ-Al2O3 

2Ɵ 2Ɵ 2Ɵ 

37°  14.45° 16.29° 

45.86°  26.65° 37.31° 

60.02°  28.25° 44.63° 

67.03°  38.36° 45.54° 

 49.29° 66.83° 

 67.05°  

production process by (Alviany et al. 2018) the 

XRD result showed a diffractogram pattern with 2Ɵ 

peak value in 39.59°; 46.14° and 66.81°. The shift 

in the 2Ɵ value was influenced by the differences in 

the analyzed catalyst due to the composition of the 

catalyst. 

 

Analysis of Catalyst Using XRF 

XRF analysis was used to determine the 

chemical composition and concentration of the 

catalyst. The composition of the Ni/γ-Al2O3 

catalyst after the impregnation process is presented 

in Table 3. From Table 3, it can be seen that Al or 

Alumina is the main constituent of the Ni/γ-Al2O3 

catalyst, while Nickel is brought into the catalyst 

through the impregnation process. The presence of 

nickel composition indicated that the impregnation 

process was properly done. 

 

Table 3. Composition of Ni/γ-Al2O3 catalyst. 

Component Composition (%) 

Al 50.2 

Ni 46.02 

Y 2.4 

P 0.71 

Ca 0.47 

Fe 0.17 

Cr 0.078 

 

Conversion of Glycerol  

The conversion of glycerol in the variation 

of the flow rate and the mole ratio of the reactants 

is shown in Figure 4. From Figure 4 it can be seen 

that the higher the mole ratio of glycerol to acetic 

acid results in an increase in the conversion of 

glycerol. The glycerol esterification reaction is a 

reversible reaction, therefore if there is an excess in  
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Figure 4.  The conversion of glycerol in the variation of the flow rate and 

the mole ratio reactants. 

one reactant, the reaction equilibrium will proceed 

towards the product, and the molecular collision 

process will increase resulting in a larger 

conversion. The result showed that glycerol 

concentration in the reactant is the main factor that 

significantly affected the reaction equilibrium 

because acetic acid is an excess reactant. The 

conversions of glycerol on various variables are 

shown in Figure 4. The highest conversion of 72.4% 

was obtained at the mole ratio of glycerol to acetic 

acid 1:9 at a flow rate of 40 ml/min.  While the 

lowest conversion value of 62.66% was produced by 

a 1:3 ratio at a flow rate of 100 ml/min. 

Previous research done by Silva et al. 

(2010) using a mole ratio of 1:9 using Fly Ash as 

catalyst resulted in 53.33% glycerol conversion, 

Zhou et al. (2012) using Amberlyst-15 catalyst 

resulted in 94.90% glycerol conversion, (Reinoso & 

Boldrini 2020) using Natural Zeolite catalyst 

resulted in a conversion of 94.3% while Gonçalves 

et al. (2008) using a 1:3 mole ratio of silica alumina 

catalyst resulted in a conversion of 71%. 

The reactant flow rate affected the glycerol 

conversion in the acetylation reaction using a fixed 

bed reactor. When the flow rate was increased from 

40 ml/min to 100 ml/min, the glycerol conversion 

value decreased due to a shorter contact time. The 

higher the reactant flow rate causes the conversion 

to increase at each mole ratio. However, at a mole 

ratio of 1:9 with a flow rate of 100 ml/min, it 

showed a decrease in glycerol conversion. In this 

variable, the volume of acetic acid was the highest 

so it took a longer reaction time to convert the 

reactants into products. This caused a decrease in 

the contact time between the reactant and the 

catalyst so that only a small part of the reactants was 

converted into products. Previous studies have 

observed reaction times in batch systems with one 

reaction process. Research conducted by Banu et al. 

(2020) using Y-zeolite catalyst for 150 minutes 

resulted in a conversion of 98%. Research that has 

been done by Mou et al. (2021) using silica alumina 

with a reaction time of 150 minutes resulted in a 

conversion of 71%. Sun et al. (2016) carried out an 

acetylation reaction using Amberlyst-35 catalyst 

with a reaction time of 3 hours resulted in a 

conversion of 99%, and (Meireles & Pereira 2013) 

using a ZrO2 catalyst with a reaction time of 3 

hours resulted in a conversion of 86.32%. 

 

Application of Reaction Products as Additives in 

Commercial Fuels 

The performance of the product resulting 

from the acetylation reaction to increase the octane 

number was carried out by mixing it into Pertamax 

commercial fuel with concentrations of 2, 4, 6 and 

8% (v/v). According to Quispe et el. (2013), the 

addition of triacetin to diesel fuel can increase the 

viscosity and cetane number and reduce the cloud 

point. Meanwhile, if added to gasoline, it can 

increase the octane number.  

The Octane Number of the fuel was 

measured using a portable octane number device 

and it was known that the initial octane number of 

Pertamax was 93. Pertamax fuel has the best quality 

compared to Premium  and  Pertalite  fuels,  because 

 its  components  are  lead-free  and  contain  several 

hydrocarbon constituents that have performance 
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Figure 5.  The octane number of Pertamax on the addition of reaction 

products in various mole ratio of reactants. 

capabilities to produce higher Octane Number. The 

effect of the addition of the acetylation reaction on 

increasing the octane number of Pertamax fuel is 

presented in Figure 5. From this figure, it can be 

seen that at the same mole ratio between reactants, 

the higher the percentage volume of the added 

acetylation product results in an increase in the 

Octane Number. 

 The highest results were obtained at the 

mole ratio of glycerol to acetic acid 1:9 with the 

addition of 8 vol% bio-additives where the octane 

number of Pertamax reached 102 or an increase of 

10% from its initial value. From a previous study 

conducted by Dewajani et al. (2019) on acetylation 

reactions using a Ni/Zeolite catalyst in a batch 

reactor, the addition of the product into commercial 

fuel resulted in an increase in the octane number of 

a maximum of 8.5%. In this research, the 

acetylation products are added to commercial fuels 

in volumes ranging from 2 to 8% of fuels. The 

addition of more than 8% is not recommended 

because it forms a mixture with two layers that 

cannot be mixed homogeneously so that it will 

result in a decrease in fuel performance. 

 

CONCLUSION 

 

Conversion of glycerol acetylation reaction 

in fixed bed reactor is influenced by reactant flow 

rate and mole ratio of reactant glycerol to acetic 

acid. From the research, it was concluded that the 

lower the reactant flow rate, the higher the reaction 

conversion. The highest glycerol conversion of 

74.24% was obtained at a flow rate of 40 

ml/minute. The mole ratio of the reactants affects 

the conversion of glycerol, whereas increasing the 

mole ratio of the reactants leads to a higher 

conversion of glycerol. The highest glycerol 

conversion of 74.24% was obtained at a mole ratio 

of 1:9. The application of acetylated products as 

bio-additives is applied by adding glycerol 

acetylation products using a Ni/γ Al2O3 catalyst 

can be used as bio-additives to increase the octane 

number of Pertamax-type commercial fuels. The 

highest of Octane Number is produced by adding 

8% product from 1:9 mole ratio variable, flow rate 

40 ml/min from the initial Octane Number 93 to 

102. 
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