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Abstract: The increasing use of petroleum as fuel has depleted fuel, so alternative fuels such as biodiesel are needed
because they are environmentally friendly and come from vegetable and animal sources. Therefore, this article presents
biodiesel production from beef fat using a KoO/ACT heterogeneous base catalyst derived from egg shells. The Eggshell
becomes a CaO catalyst after 3 hours of calcination at 900°C. The K20/ACT catalyst was synthesized by impregnating
CaO with KOH and characterized using XRD and BET. The K20O/ACT catalyst was compared to the CaO catalyst for
transesterification activity under appropriate conditions (reaction temperature 65°C, catalyst loading 3% by weight, oil to
methanol molar ratio 1:12, and reaction time 3 hours). The catalytic activity of the catalyst was determined to be 98.40%
Fatty Acid Methyl Ester (FAME). The insertion of K,O into the CaO catalyst increases the basicity characteristics, thereby

increasing the catalytic activity of transesterification.
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Introduction

Because people rely on petroleum as a fuel, it is one
of Indonesia's most prominent nonrenewable natural
resources [1]. Global energy demand increased by 45%, or
1.6% annually on average [2]. As a result, there is a
demand for oil fuel replacements such as biodiesel [3][4].
Biodiesel is frequently used as a petroleum substitute since
it does not necessitate adjustments to machinery or new
equipment [5]. This does not always apply to bioethanol,
typically mixed with gasoline [6].

Biodiesel is diesel engine fuel in the form of fatty
acid methyl ester (FAME), produced by esterifying or
transesterifying vegetable oil or animal fat [7]. Biodiesel
manufacturing can minimize reliance on fossil fuels, is
more environmentally benign, and can be derived from
animals, plants, or agricultural waste [8]. One of the raw
ingredients used to make biodiesel is animal fat, such as
beef grease, which is inexpensive and easy to get and may
be utilized to produce liquid fuel [9]. However, its potential
has not been fully realized. Beef fat contains the most
methyl ester, at 89.91% [10], followed by chicken fat at
88.12% [11] and hog fat at roughly 84.45% [12].

A catalyst is required in biodiesel production
because it provides another reaction mechanism with lower
activation energy, allowing the reaction to achieve
equilibrium faster and without undergoing chemical
changes after the response [13]. The process can be sped up
at the same temperature by lowering the activation energy
[14]. Eggshell ash (ACT) was chosen as a catalyst material
in the production of biodiesel because it includes calcium
carbonate [15] and is relatively inexpensive because it can
be easily obtained from natural materials such as eggshell
waste [16]. CaCOs is the major component of egg shells,
which calcination can transform into CaO [17]. As a result,
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it is believed that egg shells can be used as a source of high-
purity CaO that can operate as a catalyst. The CaO catalyst
is heterogeneous and basic [18]. Homogeneous catalysts
such as acids (H2SO4) and bases (NaOH or KOH
solutions) are frequently used in biodiesel manufacture.

However, there is a drawback to using this catalyst:
the separation of the catalyst from the product is difficult.
Furthermore, homogeneous catalysts can interact with free
fatty acids (ALB) to form soap, which complicates the
purification process, reduces biodiesel output, and increases
catalyst consumption in the methanol reaction [19]. This
study focuses on producing biodiesel from beef tallows
utilizing a K>O/ACT catalyst and researching biodiesel
manufacturing from beef tallows.

Research Methods
Materials and Tools

Eggshells come from MSMEs in the Sukodono area,
Sidoarjo. Beef fat comes from food production in the
Tegalsari area, Surabaya. The chemicals used for
experiments and analysis are solid KOH, 96% H»SO., 99%
methanol, and phenolphthalein indicator. The tools used are
a 500 ml three-neck flask, thermometer, condenser,
magnetic stirrer, stirrer, oven, baking pan, 250 ml
Erlenmeyer flask, 500 ml beaker glass, 1000 ml measuring
flask, separatory funnel, bucket, hose, water pump, flask
measuring, dropper pipette, 50 ml measuring cup and
analytical balance.

Catalysts Preparation

Impregnation uses a CaO: KOH ratio of 1:33,
namely 5.6 grams of calcined ACT dissolved in 100 mL of
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KOH solution weighing 0.169 grams, then stirred by
heating the mixture at 85°C while stirring until dry. The
impregnated catalyst was then dried in an oven at 105 °C
for 24 hours and then calcined at 500 °C for 5 hours [17].

Catalysts Characterization

The catalyst was characterized based on powder X-
ray Diffraction (XRD) and Brunauer-Emmer-Teller (BET)
surface area.

XRD analysis uses a PANalytical X'pert PRO
Analytical diffractometer with an XRD pattern with 26
measurements between 10° to 60° to produce a diffraction
pattern from the powder crystal sample at ambient
temperature. XRD pattern analysis was identified using the
Powder Diffraction File (JCPDS) database [20].

The catalyst's specific surface area and pore size
distribution were determined from BET analysis using
Quantachrome TouchWin v1.22, SAA Full Isotherm 20pts
with a temperature of 300 °C and a degassing time of 6
hours. For analysis of catalyst surface area and pore size
distribution, the Brunauer-Emmett-Teller (BET) and
Barrett-Joyner-Halenda (BJH) methods were used,
respectively [21].

Catalysts Testing

The K;O/ACT catalyst activity test was carried out
on biodiesel production made from beef fat. The
synthesized catalyst was put into a three-neck flask with
added oil: methanol 1:12, homogenized at 65°C for 2 hours.
After that, the mixture was transferred into a separating
funnel and allowed to stand until two layers formed. The
top layer was separated and washed with water at 80°C.
The upper and lower layers formed were separated, and the
remaining water content in the upper layer was evaporated
at 105°C for 30 minutes [22]. The resulting FAME
biodiesel was characterized and identified using GC-MS.

Results and Discussion
XRD Characterization

XRD results tested on CaO and K,O/ACT samples
each is shown in Figure 1. The CaO diphragtogram shows
26 = 37.2360° ; 37.3505° ; 53.7358° and 32.0570°. This
XRD result is similar to the CaO XRD pattern reported by
(Mohadi et al., 2016) with high intensity at 26 = 33.9821°;
32.1906°; 37.5410° so that the sample is identified as a
chemical compound [23]. In the KoO/ACT catalyst, K;O
appears at 20 33.9821° 17.9750°; 50.8009°; 37.3471;
28.6979° and 46.9958°. by the research results of Hossain
et al., (2021), namely KOH impregnation of eggshell ash
produces a peak intensity of 20 = 32.14°; 37.30°% 53, 82°%
64.18°; and 67.34° [24]. And in (JCPDS File No. 47-1701)
the k20 peak appears at 28.98°. The presence of the K;O
compound indicates the success of the K;O/ACT catalyst
impregnation process.

Surface area

The surface area of the catalyst is an essential
requirement because it determines the number of active
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sites in the catalyst, which is related to its activity [25]. The
surface area of the catalyst was determined in this study
using the nitrogen adsorption-desorption method, which
estimates the amount of gas adsorbed on the surface of the
material described to determine the active surface area of
the catalyst. Impregnated with KOH with the help of CAO,
carried out on a NovaWin Quantochrome apparatus with an
immersion temperature of 300°C. Table 1 shows the results
of BET characterization.
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Figure 1. Peak XRD

Table 1. Results of surface and pore analysis of synthesized
samples

Sample Surface area  Average pore Total Pore
specific diameter (A)  Volume (cc/g)
(m?/g)
3
Ca0 0.959 17.8269 8.544 x 10
-2
K0/IACT 10.487 7.95623 4.171x 10

This shows the presence of KO compounds in
K>O/ACT with a significant increase in the surface area of
the catalyst. The rise in catalyst surface area may be due to
increased base active sites and increased catalyst activity in
the transesterification process, as Istadi reported [26].

Catalyst Activity in Biodiesel Production

The transesterification stage aims to convert
ingredients such as triglycerides, diglycerides, and
monoglycerides, still contained in beef tallow oil, into
methyl esters [27]. The K2O/ACT catalyst assists the

transesterification  process, which  produces K20
compounds that function as the catalyst's active site.
The formation of the active side of the

heterogeneous base catalyst (KOH) causes a reaction with
methanol in the transesterification process to produce
methoxide ions, which have strong nucleophile properties.
According to research by Umam (2018) [28], methoxide
ion is a strong base with high catalytic properties in
transesterification reactions. Therefore, active methoxide
ions can attack the carbonyl groups on triglycerides,
forming intermediates. These intermediates then undergo
rearrangement and produce diglycerides. The following
process is similar to the triglyceride reaction. Similarly,
figure 2 explains the mechanism of the transesterification
reaction.
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Figure 2. Transesterification reaction mechanism

After the transesterification process, three layers are
obtained: catalyst, methyl ester, and glycerol. The method
of separating biodiesel and catalyst by filtering. Then, the
resulting filtrate is put into a vial and waited until two
layers form. The top layer is biodiesel, and the bottom layer
is glycerol. The formation of these two layers is due to the
difference in density of biodiesel and glycerol. Then, the
resulting biodiesel is heated at 105 °C to evaporate the
water and remaining methanol. Then, the resulting biodiesel
is weighed to calculate the resulting yield before being
analyzed by GC-MS, as in Table 2.

Table 2. Comparison of Percent Biodiesel Yield

Comparison of Catalyst Yield (%) FAME GC-MS (%
Weight (gr) Avrea)
ACT (5,6) 55.05 98.84
K,O/ACT 61.27 98.40
(0,169: 5,6)

Chromatogram Vani Minyak KCT K20 3% CHMGCMSsolution)

Based on Table 2, increasing the percentage of
catalyst can increase the yield in a chemical reaction. This
is caused by several factors, including adding a catalyst,
which can speed up the response by reducing the activation
energy so that the reaction process runs more efficiently
and produces more products. Apart from that, adding a
catalyst can also influence the conversion of reactants into
products, ultimately increasing the yield.

Next, the FAME content and composition in
biodiesel products were characterized using Gas
Chromatography Mass Spectrometry (GC-MS). The results
of the GC-MS spectrum of biodiesel products are presented
in Figure 3. Meanwhile, the identification of components
and composition of biodiesel products derived from the
GC-MS spectrum are listed in Table 3.
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Figure 3. GC-MS chromatogram of biodiesel product
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Table 3. Identification and composition of the biodiesel

Methyl ester CaO K>O/ACT
compounds identified

Methyl oleate 52.93 55.69
Methyl palmitate 27.69 28.39
Methyl stearate 9.3 7.95
Methyl linoleate 191 1.78
Methyl myristate 2.18 0
Methyl nonadecylic 0.3 0
Methyl pentadesilat 0.75 12
Methyl arakidat 0.36 0.4
Methyl lignoceric 1.02 0
Methyl isoleate 1.74 1.9
Methyl paulinat 0.66 0.7
Methyl laurat 0 0.09
Methyl

pentakosanoat 0 0.06
Methyl behenate 0 0.24
Total % area FAME 98.84 98.4

The three highest methyl ester compounds found
were methyl oleate, palmitate, and stearate. This is by
research conducted by Prastyo, Ibrahim, and Solikha [29],
which states that biodiesel's highest methyl ester content is
methyl oleate, methyl palmitate, and methyl stearate [29].
The reason methyl oleate appears first compared to the
saturated fatty acid methyl palmitate is the length of the
carbon chain, where saturated fatty acids with shorter
carbon chain lengths, such as methyl oleate, may be easier
to arrange in triglycerides. Apart from that, a third methyl
stearate appears because the molecular weight of methyl
stearate is greater than that of other saturated fatty acids.
This causes methyl stearate to have a longer retention time
so that the methyl stearate peak appears last in the gas
chromatography analysis.

Conclusion

Making Biodiesel using KO/ACT catalyst
impregnation successfully obtained KO compounds from
XRD analysis with an intensity of 33.9821° and BET
analysis with a surface area of 10.487 m?/g. Results of
K>O/ACT catalyst activity in the transesterification reaction
of beef fat into biodiesel with the largest methyl ester
content, namely 98.40%

Acknowledgements

| want to say to the editor of the Pijar Kima journal
that he has permitted me to publish my journal.

References

[1] Lendeng, L. C., Sugiarso, B. A., & Rumagit, A. M.
(2021). Media Interaktif Berbasis Animasi Pada
Materi Minyak Bumi Untuk Kelas XI SMA. Jurnal
Teknik Informatika, 16(2), 183-192.

[2] International Energy Agency-IEA. (2008).
Kementerian Energi dan Sumber Daya Mineral.
https://www.esdm.go.id/id/media-center/arsip-
berita/hingga-2030-permintaan-energi-dunia-
meningkat-45- (accessed Jun. 18, 2023).

[3] Setiawati, E., & Edwar, F. (2012). Teknologi
pengolahan biodiesel dari minyak goreng bekas

product using GC-MS
dengan teknik mikrofiltrasi dan transesterifikasi
sebagai alternatif bahan bakar mesin diesel. Journal of
Industrial Research (Jurnal Riset Industri), 6(2), 1-11.

[4] Arlianti, L. (2018). Bioetanol sebagai sumber green
energy alternatif yang potensial di Indonesia. Jurnal
Keilmuan dan Aplikasi Teknik UNISTEK, 5(1), 16-22.

[5] Mawarni, D. I, & Suryanto, H. (2018). Pengaruh
Suhu Pengadukan Terhadap Yield Biodiesel Dari
Minyak Jelantah. Simetris: Jurnal Teknik Mesin,
Elektro dan llmu Komputer, 9(1), 49-54.

[6] Suryana, R. N., Sarianti, T., & Feryanto, F. (2012).
Kelayakan Industri Kecil Bioetanol Berbahan Baku
Molases di Jawa Tengah. Jurnal Manajemen &
Agribisnis, 9(2), 127-136.

[7] Heryani, H. (2019). Teknologi Produksi Biodiesel.

[8] Shahab, A., & Husnah, H. (2022). Produksi biodiesel
dari  minyak biji karet dengan teknologi
transesterifikasi menggunakan katalis KOH. Jurnal
Redoks, 7(2), 33-38. [9] S. P. Lestari et al,
“Produksi Bahan Bakar Cair Dari Lemak Sapi
Menggunakan Katalis Zeolit Dengan Metode
Pirolisis,” J. Kinet., vol. 11, no. 02, pp. 1-9, 2020.

[10] Garcia-Morales, R., Zifiga-Moreno, A., Veronico-
Sénchez, F. J., Domenzain-Gonzalez, J., Pérez-Lopez,
H. 1., Bouchot, C., & Elizalde-Solis, O. (2022). Fatty
acid methyl esters from waste beef tallow using
supercritical methanol transesterification. Fuel, 313,
122706.

[11] Aziz, 1. (2014). Pemanfaatan Limbah Kulit Ayam
Broiler sebagai Bahan Baku Pembuatan Biodiesel.
Jurnal Kimia Valensi, 4(2), 90-97.

[12] Setiawan, H., Puspitasari, A., & Retnoningtyas, E. S.
(2017). Pembuatan biodiesel dari minyak babi. Widya
Teknik, 9(2), 111-120.

[13] Soult. A. (2022). "10.3: Effects of Temperature,
Concentration, and Catalysts on Reaction Rates,"
chem.libretexts.https://chem.libretexts.org/Courses/Ch
abot_College/Introduction_to_General%2C_Organic_
and_Biochemistry/10%3A_Reaction_Rates_and_Equi
librium/10.03%3A_Effects_of Temperature_Concent
ration_and_Catalysts_on_Reaction_Rates  (accessed
Jun. 06, 2023).

[14] Atkins, P and De Paula,J. (2006). Physical Chemistry,
Eighth Edition. Oxford, Britania Raya: Oxford
University Press.

[15] Sisca, V., & Rahayunigsih, J. (2022). Pembuatan
Limbah Cangkang Telur Sebagai Katalis Heterogen
untuk produksi Biodisel. Journal of Research and
Education Chemistry, 4(2), 134-134.

[16] Witoon, T., Bumrungsalee, S., Vathavanichkul, P.,
Palitsakun, S., Saisriyoot, M., & Faungnawakij, K.
(2014). Biodiesel production from transesterification
of palm oil with methanol over CaO supported on
bimodal meso-macroporous  silica  catalyst.
Bioresource technology, 156, 329-334.

[17] Oko, S., & Kurniawan, A. (2019). Modification of
CaO Catalyst with Impregnation Method Using KoH
in Biodiesel Synthesis from Waste Cooking Oil.
Logic: Jurnal Rancang Bangun dan Teknologi, 19(2),
62-67.

[18] Oko, S., Syahrir, 1., & Irwan, M. (2018). The
Utilization of CaO Catalyst Impregnated with KOH in
Biodiesel Production from Waste Cooking Oil. Int. J.

317



Jurnal Pijar MIPA

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Sci. Technol. Res, 7, 115-118.

Rizaldi, A., Simamora, T. A., Yogaswara, R. R.,
Erliyanti, N. K., & Saputro, E. A. (2021). Pra Desain
Pabrik Biodiesel dari Minyak Goreng Bekas dengan
Proses Transesterifikasi. Jurnal Teknik ITS, 10(2),
F258-F263.

Wong-Ng, W., McMurdie, H. F., Hubbard, C. R., &
Mighell, A. D. (2001). JCPDS-ICDD research
associateship (cooperative program with NBS/NIST).
Journal of research of the National Institute of
Standards and Technology, 106(6), 1013.

Febriansyar, R. A., Riyanto, T., & Istadi, I. Analysis
of CaCOs Impregnation on HY Zeolite Surface Area,
Pore Size, and Activity in the Catalytic Cracking of
Palm Oil to Biofuels. TEKNIK, 43(1), 78-86.

Bandjar, A., Sutapa, |I. W., Rosmawaty, R., &
Mahulau, N. (2014). Pengolahan lemak sapi menjadi
biodiesel dengan katalis Heterogen. Indonesian
Journal of Chemical Research, 2(1), 166-170.

Mohadi, R., Anggraini, K., Riyanti, F., & Lesbani, A.
(2016). Preparation calcium oxide from chicken
eggshells. Sriwijaya Journal of Environment, 1(2), 32-
35.

Hossain, M., Muntaha, N., Osman Goni, L. K. M.,
Jamal, M. S., Gafur, M. A., Islam, D., & Fakhruddin,
A. N. M. (2021). Triglyceride conversion of waste
frying oil up to 98.46% using low concentration
K*/CaO catalysts derived from eggshells. ACS omega,
6(51), 35679-35691.

Yunes, S., Kenvin, J., & Gil, A. (2023). On the
Genesis of a Catalyst: A Brief Review with an
Experimental Case Study. Eng, 4(3), 2375-2406.
Istadi, I., Prasetyo, S. A., & Nugroho, T. S. (2015).
Characterization of K,;0/CaO-ZnO catalyst for
transesterification of soybean oil to biodiesel.
Procedia Environmental Sciences, 23, 394-399.
Setiadji, S., Nila, T. B., Tety, S., Eko, P. H., & Bebeh,
W. N. (2017). Alternatif pembuatan biodiesel melalui
transesterifikasi minyak castor (Ricinus communis)
menggunakan katalis campuran cangkang telur ayam
dan kaolin. Jurnal Kimia VALENSI, 3(1), 1-10.
Umam, M. N. (2018). Variasi waktu reaksi
transesterifikasi minyak jarak dengan menggunakan
katalis KOH/Zeolit dalam pembuatan biodiesel
(Doctoral dissertation, Universitas Islam Negeri
Maulana Malik Ibrahim).

Prastyo, E., Ibrahim, P. A., & Solikha, D. F. (2022).
Analysis of The Ratio Catalys Promoters BaO/CaO to
Methyl Ester Content and Yield in Biodiesel Using
Electrocatalytic Reactor. Rekayasa, 15(1), 107-113.

March 2024, Volume 19 No. 2: 314-318

318



