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INTRODUCTION 

 

 Industrial developments that continue to escalate as economic growth, 
causes more natural resources that are exploited continuously without 
considering the impact. Resources available in nature are divided into two 
groups, which are non-renewable and renewable natural resources. The 
exaggerated exploitation of non-renewable natural resources to support human 
life causes the depletion of such resource reserves in nature. 
Therefore, renewable natural resources and processing technology turns out to 
be an interesting field to be analyzed and researched in order to a sustainable 
life. 
 In addition, the increase of industries causing a lot of environmental 
pollution either on wastewater, soil or air. Environmental pollution by 
industrial activities is caused by factors contained in raw materials, outdated 
technology, and waste treatment process. To solve the various problems are the 
responsibility of chemical engineers; a great challenge for us to find the latest 
innovations to reduce that aftermath. 
 This Journal presents articles on Renewable Natural Materials that 
include vegetable oils and essential oils, new and renewable energy, renewable 
products and processes, biomass, thermochemical processes for biomass 
conversion, waste utilization and treatment. 
 Hopefully this journal will be advantageous and may boost our insight 
into the latest innovations in technology and engineering. We realize that there 
are still deficiencies in the representation of this journal; therefore we are very 
open with suggestions and criticism. Thank you  

 

         

  Editor in Chief 
 

  



 

 

TABLE OF CONTENT 
JBAT Vol. 8 No. 1 June 2019 

 
Synthesis of Triacetin Catalyzed by Activated Natural Zeolite Under 
Microwave Irradiation 
Dzikri Hamzah, Taufik Rinaldi, Marwan, Wahyu Rinaldi ........................ 1-7 
 

via Coagulation-Flocculation 
Process and Adsorption Using Teak Sawdust Based Activated Carbon 
Prima Astuti H., Umi Cholifah, Ria Ulviana, Achmad Chafidz ................ 8-13 
 
Inoculum Selection and Micro-Aeration for Biogas Production in Two-Stage 
Anaerobic Digestion of Palm Oil Mill Effluent (POME) 
Sri Ismiyati D., Dian Fitriani Astiti, Sarto, Wiratni Budhijanto ............ 14-21 
 
Taylor-Couette Column for Emulsion Liquid Membrane System: 
Characterisation Study 
Adhi Kusumastuti, Samsudin Anis, Gunawan Muhammad N. .............. 22-27 
 
Synthesis of Phosphorylated Sugar Palm (Aren) Starch Using Low Level 
Sodium Tripolyphosphate (STPP) 
Asaf Kleopas Sugih, Jordi Loanda, Susiana Prasetyo ............................ 28-33 
 
Phosphate release from Slow Release fertilizer using a mixture of Chitosan 
and potato Flour as a coating 
Wara Dyah Pita R., Muhammad Afnan M., Nindy Septian C. .............. 34-40 
 
Potential of Chitosan From Local Crab (Portunus Pelagicus) to Enhance 
Storability of Musa Paradisiaca L. 
Buanasari, Warlan Sugiyo, Nur Fitriani, Suryaningsih .......................... 41-46 
 
The Utilization of Fiddle-Leaf Fig Waste Into Food Preservative 
Erna Astuti, Zahrul Mufrodi ................................................................ 47-51 
 
Teak Leaf-Based Activated Carbon for Phosphate Removal 
Widi Astuti, Luluk Siti Zulaechah, Lian Kristian .................................. 52-58 
 
Extraction and Characterization of Coffee Oil From Instant-Coffee Waste 
Muhammad Hanif, Fahmi Alif Utama Harahap, Heru, Yuli Darni ........ 59-64 



HP
Highlight





 Dino Wicaksono, Ratna Dewi Kusumaningtyas / JBAT 8 (1) (2019) 65 - 71 
 

66 
 

declared that base oxide in CaO has a high catalytic 
activity in transesterification reaction, increasing 
the biodiesel yield to 90%. CaO catalyst can be 
developed from various natural resources, among 
others is eggshell waste.  

Eggshell waste contains 94% weight 
CaCO3 (Arabhosseini & Faridi, 2018), which is 
potential as the feedstock of CaO. Based on the data 
released by the Statistics Indonesia (2016), the egg 
consumption in Indonesia is 1.289.718 tons per 
year. This consumption results in 1.000.000 tons 
eggshell waste. On the other hand, CaCO3 

contained in the eggshell can be converted to CaO 
through calcination process. Therefore, utilizing 
eggshell waste as the raw material for CaO catalyst 
will provide added-value on this waste.  

However, CaO catalyst commonly exhibits 
lower catalytic activity compared to KOH and 
NaOH (Singh et al., 2011). It provides biodiesel 
yield of 81.83% in the transesterification of WCO, 
which is considered unsatisfying yet (Rahkadima & 
Abdi, 2016). To overcome this shortcoming, CaO 
can be combined with active metal oxide to improve 
its catalytic activity (Ali et al., 2016). Metal oxide 
from transition metal, such as Cu, Ni, Cr, Zn, Fe, 
are usually shows excellent performance as catalyst. 
Among this transition metal, metal oxide of Zn 
(ZnO) is cheaper and suitable for esterification 
reaction. Combination of ZnO and CaO can be 
carried out using precipitation or impregnation 
methods (Klinklom et al., 2013). Impregnation 
method is favorable since it needs a lower amount 
of reactant and cheaper equipment compared to 
precipitation method. 

CaO from eggshell waste has been applied 
by several researchers for biodiesel production. 
However, impregnation of ZnO active metal on 
CaO from eggshell and its application for 
transesterification reaction has not been studied yet. 
Therefore, in this work, synthesis of ZnO/CaO 
catalyst from eggshell for the transesterification of 
WCO for biodiesel synthesis was investigated. 

 
MATERIALS AND METHODS 

 
Materials 

Materials of the research were sulphuric 
acid (p.a.), oxalic acid (p.a.), Zn(NO3)2.4H2O (p.a.), 
potassium hydroxide (p.a.), ethanol (p.a.) and 
methanol (p.a.), which were purchased from 

Merck, eggshell waste and used frying oil which 
were obtained from local small-scale food 
enterprise, phenolphthalein indicator, and 
aquadest,  

 
Methods 

This work consisted of two steps, i.e. 
synthesis of ZnO/CaO catalyst from Eggshell waste 
and application of the catalyst for biodiesel 
production from used frying oil.  

 
Synthesis of ZnO/CaO Catalyst from Eggshell  

The first step is eggshell preparation. 
Initially, the eggshell was soaked in the water. It 
was then washed with aquadest for 15-20 minutes 
to remove the impurities. Subsequently, the eggshell 
was dried in the oven at the temperature of 100oC 
for 1 hour. The dried eggshell was then crushed and 
sieved to obtain the powder size of 35 mesh. The 
next process was calcination. The 100 gram of 
eggshell powder was calcinated in the furnace at the 
temperature of 900oC for 6 hours to obtain activated 
CaO catalyst powder.  

To synthesize ZnO/CaO catalyst, 
primarily the Zn(NO3)2.4H2O solution was made by 
dissolving a certain amount of Zn(NO3)2 4H2O into 
25 mL aquabidest in a 100 mL beaker glass. The 
mixture was stirred until it became homogeneous. 
The homogeneous Zn(NO3)2.4H2O solution was 
afterward mixed with a certain amount of CaO 
catalyst powder in a 100 mL beaker glass. Ratio of 
ZnO/CaO was varied at 2, 4, 6, and 8%.  

The mixing was carried out together with 
heating process until the mixture turned into slurry. 
This ZnO/CaO catalyst slurry was then dried in the 
oven at 100  until it reached constant weight. 
Afterwards, dried ZnO/CaO catalyst was activated 
through calcination process in the furnace at the 
temperature of 800  for 6 hours. ZnO/CaO 
catalysts from eggshell waste were characterized 
using Scanning Electron Microscope (SEM) to 
reveal their structureand morphology, Energy 
Dispersive X-Ray (EDX) to determine the CaO  
and ZnO/CaO concentration, Fourier-transform 
infrared spectroscopy (FTIR) to disclose the 
chemical bond of the materials. The ZnO/CaO 
catalysts (ZnO/CaO 2%, ZnO/CaO 4%, 
ZnO/CaO 6%, ZnO/CaO 8%) were subsequently 
employed for enhancing transesterification of used 
frying oil for biodiesel production.
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Scanning Electron Microscope (SEM) Analysis  
Scanning Electron Microscope (SEM) 

analysis was aimed at determining the structure 
and morphology of the eggshell CaO catalyst 
surface. SEM analysis was conducted by 
magnification of 10.000 and 20.000 times as depicted 
in Figure 2. 

 

 
Figure 2.  SEM Analysis of Eggshell CaO 

Catalyst by Magnification of 10.000 
Times. 

 
Figure 2 demonstrated that Eggshell CaO 

catalyst, which has been calcinated at 900 , 
exhibited a mutually aggregated structure and 
different form of particle with the particle. The size 
of the CaO catalyst was found 3 micrometer.  This 
result was in line with the work of Khalid et al. 
(2018) and Buasri et al. (2013), which observed that 
CaO catalyst from eggshell comprised irregular 
particles form and shape like rods (bars). 
Irregularity form of particles occurred since the 
calcination process was performed in the 
temperature below 1000 .   

To enhance the CaO catalyst activity, the 
addition of ZnO active metal was essential. The 
presence of ZnO in CaO catalyst was expected to 
provide superior catalyst activity and higher yield of 
biodiesel product. In this work, ZnO active metal 
addition was accomplished by using various mass 
percentage of ZnO in CaO catalyst (2%, 4%, 6%, 
and 8% w/w). the addition of ZnO active metal to 
CaO resulted in ZnO/ CaO catalyst. To disclose the 
optimum concentration of ZnO addition in 
improving the reaction yield, ZnO/CaO catalyst 
with various concentration of ZnO (2%, 4%, 6%, 
and 8% w/w) were applied in the biodiesel 
synthesis from waste cooking oil (WCO).  

Application of ZnO/CaO for Biodiesel Synthesis 
ZnO/CaO catalyst was applied to enhance 

the reaction of biodiesel synthesis from waste 
cooking oil (WCO). Initially, waste cooking oil as 
feedstock underwent esterification reaction in the 
presence of sulfuric acid catalyst to reduce the FFA 
content until it is less than 2%. Subsequently, 
transesterification reactions of WCO employing 
ZnO/CaO catalyst were performed at the fixed 
molar ratio of WCO to methanol of 1:6, 
temperature of 65 , reaction time of 2 hours, and 
stirring speed of 300 rpm. The effects of ZnO 
concentration in ZnO/CaO catalyst and catalyst 
concentration were investigated in this work. 

 
Effect of ZnO concentration in ZnO/CaO Catalyst on 
Biodiesel Yield   

ZnO/CaO catalyst with various 
concentrations of ZnO in CaO (2%, 4%, 6%, and 
8% w/w), which were so-called ZnO/CaO 2%, 
ZnO/CaO 4%, ZnO/CaO 6%, ZnO/CaO 8%, 
were applied in the biodiesel synthesis from WCO 
with the catalyst amount of 5% w/w catalyst/ 
WCO. As the control, the result was compared with 
the biodiesel yield obtained by using solely CaO 
Catalyst (Santoso et al., 2013). Biodiesel yield of 
each transesterification reaction was analyzed using 
GC-MS as presented in Table 2. 

 
Table 2.  Biodiesel Yielded by Various Types of 

ZnO/CaO Catalysts. 
Catalyst  Biodiesel Yield, % 

CaO 95.89 
ZnO/CaO 2% 97.50 
ZnO/CaO 4% 97.76 
ZnO/CaO 6% 97.79 
ZnO/CaO 8% 97.63 

 
Table 2 shown that biodiesel yield from the 

transesterification reaction catalyzed by ZnO/CaO 
is higher than that achieved in the presence of CaO 
catalyst. It is due to the fact that the impregnation 
of ZnO on CaO increased the basicity property of 
the catalyst, leading to the higher catalyst activity. 
It consequently enhanced biodiesel yielded in the 
alkaline-catalyzed transesterification reaction. This 
phenomena agrees with the theory stating that 
catalyst activity is equal with the strength of alkaline 
catalyst (Lee, Park & Lee, 2009). The other factor 
affecting the yield of biodiesel is particle size of the 
catalyst. ZnO/CaO catalyst has small size of 
particle, providing higher surface area for reaction 
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(Zhang et al., 2019). It accordingly improves the 
reaction conversion and yield. Based on the GC-MS 
analysis, it was demonstrated that ZnO/CaO 6% 
exhibited the highest biodiesel yield of 97.79%. 
Therefore, this type of ZnO/CaO catalyst was then 
applied for the transesterification reaction at various 
catalyst amounts.  

Fatty acid compositions of biodiesel 
obtained in the presence of ZnO/CaO 6% were 
detected using GC-MS as shown in Figure 3 and 
Table 3. 

 

Figure 3. Biodiesel from WCO Chromatogram. 
 

Table 3.  Fatty Acid Composition of WCO 
Biodiesel Synthesized using ZnO/CaO 
6% Catalysts. 

Name of Fatty Acid 
Retention  

Time 
% 

Area 
Dodecanoic acid, methyl ester 14.354 0.276 
Methyl tetradecanoate 16.645 1.919 
Hexadecanoic acid, methyl ester 18.936 32.184 
9-Octadecenoic acid, methyl 
ester, (E)- 

20.636 57.060 

Octadecanoic acid, methyl ester 20.731 6.595 
trans-13-Octadecenoic acid 20.951 0.288 
Oxiraneoctanoic acid, 3-octyl-, 
methyl ester, cis- 

21.967 0.318 

cis-11-Eicosenoic acid, methyl 
ester 

22.082 0.463 

Eicosanoic acid, methyl ester 22.282 0.897 

 
Table 3 shown that the most dominant 

compounds in WCO biodiesel was 9-Octadecenoic 
acid (oleic acid) and hexadecanoic acid (palmitic 
acid). This composition was in agreement with the 
findings of Anisah et al. (2018) in their work on 
biodiesel synthesis using used frying oil raw 
material. 

  
Effect of ZnO/CaO 6% Catalyst Amount on the 
Biodiesel Yield 

ZnO/CaO 6% catalyst was found as the 
best catalyst among the other types of ZnO/CaO 

catalyst. To ascertain the best amount of catalyst for 
biodiesel synthesis, various amounts of ZnO/CaO 
6% (1%, 3%, 5% and 7% w/w catalyst/ WCO) were 
applied in the WCO transesterification reaction. 
The GC-MS analysis on biodiesel yields was shown 
in Table 4. It was found that the highest biodiesel 
yield was provided by employing ZnO/CaO 6% 
catalyst with the amount of 3% w/w. The higher 
amount catalyst shown the lower yield of biodiesel. 

 
Table 4.  Biodiesel Yielded by Various Amount of 

ZnO/CaO 6% Catalysts. 
Amount of Catalyst,  

% w/w catalyst/ WCO  
Biodiesel Yield  

(%) 
1 97.625 
3 97.804 
5 97.793 
7 97.014 

 
Characterization of ZnO/CaO 6% Catalyst  
 
SEM-EDX Analysis of ZnO/CaO 6% Catalyst  

Based on the experiment, ZnO/CaO 6% 
catalyst brought about the highest biodiesel yield. 
To disclose the structure and morphology of 
catalyst surface, SEM-EDX analysis on ZnO/CaO 
6% catalyst has been accomplished. SEM-EDX 
analysis could also reveal the composition and 
concentration of each compound comprised in the 
catalyst. The result of SEM analysis on ZnO/CaO 
6% catalyst is presented in Figure 4. 

 

 
Figure 4.  SEM Analysis of ZnO/CaO 6% 

Catalyst by Magnification of 10.000 
Times. 

 
SEM analysis in Figure 4 shown that 

ZnO/CaO 6% catalyst had a smaller structure 
compared to the CaO catalyst from eggshell which 
is presented in Figure 2. Moreover, ZnO/CaO 6% 
also demonstrated a denser and more solid structure 
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