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Abstract

World bodies have claimed the livestock industry as one of the contributors to the increase in pollution. This is a factor that needs
attention. Waste from the livestock industry could be a trigger for this statement. The hatchery industry is one of the livestock
industries contributing to pollution worldwide. One of them is eggshell waste produced from broiler egg-hatching activities. This
study aimed to examine the properties of hydroxyapatite (HAp) from broiler eggshell waste from the hatchery industry. A total of
6 temperature variations were applied (550°C, 600°C, 650°C, 700°C, 750°C and 800°C). Applying different sintering temperatures
produces different physicochemical properties of HAp, especially those using broiler eggshell waste as raw material. Applying a
sintering temperature of 550°C significantly increases the yield (Y) value and reduces mass loss (ML). Crystal formation and
functional properties were not significantly different between different sintering temperatures. An application temperature of 550°C
is considered appropriate for HAp production efficiency. Utilizing broiler eggshell waste as a raw material for hydroxyapatite is

essential in providing hydroxyapatite products that are easy to obtain, cheap, and environmentally friendly.
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1. Introduction

The agricultural sector, especially the livestock
sector, is a source of waste. The need for food has increased
along with the increase in human population. The increasing
need for animal food, of course, supports the growing need
for food. As a result, the production of livestock by-products
is also increasing. Eggshells are a type of by-product often
produced by the hatchery industry. The increase in demand
for chicken meat is a driving factor in increasing production
of eggshell by-products [1,2]. One of the livestock industries
that produces eggshell waste is the egg hatchery industry.
Eggshell waste is produced after the chicks are harvested. The
eggshell waste still contains other organic materials such as
protein and fat and inorganic materials such as minerals. The
composition of the eggshell includes large amounts of
mineral compounds, namely 94-97%. The dominant mineral
composition is calcium (Ca) [3-5]. Eggshells are one of the
livestock wastes that can produce hydroxyapatite (HAp)
compounds. This compound has the molecular formula
Caio(PO4)s(OH),). HAp compounds can be produced from
eggshell raw materials after an impregnation process using
phosphate precursors. Apart from that, eggshells can also
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function as a cheap, absorbent raw material. This is due to its
structure in phosphate and hydroxyl groups [6]. The
production of eggshell waste is from the hatchery industry
and mostly from the processed food industry. The processed
food industry uses eggs as the main raw material in
production [7]. Most of the eggshell waste is disposed of in
landfills. The membranous part of the eggshell is rich in
protein. As a result, the waste is beautiful to animals (rats and
pests), so the impact is hazardous [8]. Therefore, quite bad
negative consequences may occur to the environment if they
are not handled seriously and in a structured manner [9].
Broiler eggshell waste is a type of eggshell waste
that has the highest production. This is because broilers are
the largest chicken population consumed by both people in
the world. As a result of an increase in population due to the
fulfillment of needs, the production of broiler eggshell waste
has also increased significantly. This waste has not been
widely utilized because some of it has been mixed with eggs
containing embryos, making it very easy to experience the
decomposition process. The study's results reported that
pollution due to eggshell waste from the food processing
industry was ranked 15" out of other waste producers. [10,
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11]. Eggshell waste contains calcium carbonate compounds,
which are nano calcium sources. The content of nano calcium
is a constituent material and source of HAp [12]. Different
preparation processes will produce physicochemical
properties that tend to be distinct [13]. This research is
fundamental as an effort to increase the added value of broiler
eggshell waste so that the impact of pollution from the
chicken breeding industry can be reduced.

The use of eggshell waste as raw material from
broilers is proof of the novelty of this research. So far,
researchers have used eggshell waste as raw material from
laying hens, while eggshell waste from broilers is still very
rare. Previous search results show that publications that use
broiler eggshell waste as raw material for HAp production
have never been found. This study aims to evaluate the effect
of different sintering temperatures on the physicochemical
properties of HAp produced from broiler eggshell waste.

2. Materials and methods

2.1. Materials

The main ingredient used is broiler eggshell waste
(BEW). The main ingredients are obtained from the hatchery
industry unit at the company PT. Multi Breeder Adirama
Indonesia (MBAI) (Japfa Group).

The supporting materials are distilled water,
(NH4)2HPO4 0.3 M, Whatman filter paper No.42, and
aluminum foil. The production and testing process equipment
uses several types of equipment, namely SEM-EDS (JEOL
Type JCM 6000 plus), FTIR (IR Prestige-21), furnace
(Furnace 6000), oven (BMT Incucell V-LSIS-B2V/IC55),
analytical balance (OHAUS PA214C), magnetic stirrer
(Stuart SD162) and some supporting equipment
(thermometer,  desiccator, stopwatch, beaker glass,
Erlenmeyer, measuring cup and volume pipette).

2.2. Methods

2.2.1. Preparation process of BEW materials

The material preparation process of broiler eggshell
waste (BEW). A total of 200 g of BEW from the hatchery
industry was prepared, washed with running water, and then
weighed to determine the yields.

2.2.2. Production process of HAp-BEW

The HAp-BEW production process was carried out
according to the method used by [14]. The method applied in
the HAp production process is hydrothermal. In general, the
HAp production process that uses eggshell waste as raw
material involves several process methods. Several known
process methods include the dry method and the
hydrothermal method. Apart from that, several methods are
also known, including the co-precipitation and sol-gel
methods. Among these several methods, the choice is more
towards the hydrothermal method. One of the reasons is that
this method can produce HAp products that are more
homogeneous and able to form crystals well [15]. The stages
of the HAp-BEW production process were carried out in 4
stages, namely: preparation, calcination, precipitation, and
sintering.
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2.2.3. Research parameters

The treatment applied is a difference in 5 sintering
temperature levels in the HAp synthesis process, namely: 1)
550°C; 2) 600°C; 3) 650°C; 4) 700°C; 5) 750°C; 6) 800°C.
The data obtained were then processed and analyzed on the
basis of several observed parameters. The research
parameters include (1) Yield (Y), (2) Mass loss (ML), (3)
Fourier Transform infrared (FTIR) analysis, and (4)
microstructural evolution analysis.

2.2.4. Data analysis

Data analysis for each parameter consists of (1) Y
value on HAp products, which are determined by weighing
the broiler eggshell raw material (g) and the HAp products
after the synthesis process (g). The equation used is Y (%) =
a/bx100%, where a = weight of the synthesized HAp product
(9); b = weight of raw material for broiler eggshells (g); (2)
The ML parameter is calculated based on the equation
ML=(100%-Y(%); (3) The FTIR analysis using an FTIR
spectrometer. This analysis aims to evaluate the functional
characteristics of HAp products from BEW. The analysis was
carried out on the resulting spectra; (4) Microstructural
evolution parameters were used to evaluate the characteristics
of the HAp particles resulting from the different temperatures
using a Scanning Electron Microscope (SEM) to determine
the microstructural properties of the particles.

2.2.5. Statistical analysis

This research was based on a completely randomized design
with a unidirectional pattern. A total of 5 treatments were
applied with three repetitions each. The data set was analyzed
using ANOVA. The data thus obtained were then processed
and analyzed statistically to determine the effect of the
treatment. This treatment showed a significant effect, which
was analyzed using a significant difference test (Duncan's
Multiple Range Test (DMRT) at the 5% level) [16].

3. Results and Discussion

3.1. Yields (Y)

The vyield value of the BEW products is important to
determine the effectiveness of the production process based
on the application of different sintering temperatures. A high
Y value indicates that the process has a high-efficiency value.
This value is highly important in designing the production
process. HAp-BEW Y values produced from BEW materials
by the application of different sintering temperatures are
presented in Figure 1. Based on Figure 1 it can be seen that
the difference in the application of the sintering temperature
in the HAp-BEW production process shows a very significant
difference (P<0.01) in the Y value. The efficiency of the
hydroxyapatite production process was highest in broiler
eggshell waste samples resulting from the 550°C combustion
process, namely 57.11%. However, statistically, the yield
values are relatively the same for the sintering process at
600°C and 650°C with production process efficiencies of
55.97% and 56.42%, respectively (superscript "a").
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Figure 1: Graph of yields (Y)(%) of HAp-BEW product at different sintering temperatures. Note: #¢; Different
superscripts in the graph show very significant effect differences (p<0.01)
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Figure 2: Graph of Mass Loss (ML)(%) of HAp-BEW product at different sintering temperatures.
Note: #¢; Different superscripts in the graph show very significant effect differences (p<0.01)
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(b3000X) HAp-BEW, each with a magnification of 500x and 3000x

The lowest efficiency of the production process is the
sintering process at 800°C. The decrease in yield value at
800°C can occur due to an imbalance between Ca/P ions in
HAp in the composition of BEW. As reported by [17],
heating at high temperatures (up to 1000°C) can cause Na
ions to enter the apatite structure, which contains OH" ions,
so that the composition of the material changes. Waste from
eggshells consists of organic and inorganic materials. The
weight loss rate of 40-45% indicates that there is removal of
organic content and water during the sintering process. This
is consistent with the results reported in [18]. Figure 2 shows
that the yield of HAp-BEW decreased as the sintering
temperature decreased. This is associated with the HAp
dehydroxylation process and the slow elimination process,
especially in carbonate ions, as has been reported by [19]. In
connection with the sintering process carried out in this study,
the results obtained can be related to the theory published by
[20] that the decrease in weight after the sintering process is
related to 1) the number of water particles that are lost from a
material, 2) the presence of a mixture of several types of
organic matter in egg shells such as protein and fat residues
that have been completely burned, 3) the process of
dissociation of carbonate or hydroxide ions in forming oxide
molecules and 4) the presence of a dihydroxylation process
in the HAp formation phase.

3.2. Mass loss

The value of mass loss (ML)(%) of samples of
broiler eggshell waste that underwent sintering processes at
different temperature variations is presented in Figure 2. The
ML is related to the loss of mass due to the heating process,
which occurs in the preparation, calcination, precipitation,
and sintering stages. The ML in question is in the form of loss
of organic molecules as well as some inorganic ones. Some
organic molecules that are lost during the sintering process
include proteins, fats, and carbohydrates. Apart from that,
several inorganic molecules that also experience loss during
the sintering process are the minerals calcium carbonate,
phosphorus, magnesium, sodium, potassium, zinc,
manganese, iron, and copper. The missing organic and
inorganic molecules are related to the composition of broiler
eggshells. As much as 97% of eggshells consist of calcium
carbonate. Apart from that, eggshells also contain 95.1%
organic salts. Of the organic material, 3.3% is protein, and the
remaining 1.6% is water [21]. Based on Figure 3, it can be
seen that the ML of broiler eggshell samples during the
calcination and sintering process averaged 44.50%.
Increasing the sintering temperature from 550°C to 800°C
tends to increase ML. The results obtained are similar to the
results of a study conducted by thermogravimetric analysis
(TGA) of 45.30% [22] for eggshell samples from laying hens
(layer) and 33.21 (bovine bone) [23]. Differences can occur
due to differences in the type of sample used, the temperature
applied, and the source of the eggshells. The differences in
sources and breeds of chickens used in the samples will
potentially result in different loss mass due to the different
composition, shell thickness, and morphological properties.
The decrease in Y values is directly proportional to ML in the
HAp production process. The sintering process is a process
used to form bonds between particles or powders after the
compaction process. This process is carried out by providing
a temperature below the melting point so that mass transfer
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occurs on the powder surface and bonds are formed between
the powders.

3.3. Fourier Transform Infra-red (FTIR) analysis

Analysis using FTIR aims to identify functional
groups in the sample. The results of the FTIR analysis on
HAp-BEW are presented in Figure 3. Figure 3 shows that the
spectra of the three most substantial peaks between the raw
material (RT) and the sample that has undergone the sintering
process are very different. The peak points are the PO,%, CO3’
2, and OH- functional groups, which are the ions that makeup
HAp. The detected ions have been able to prove that BEW
samples contained POs*, CO32, and OH- ions. This shows
that BEW has potential as a material for HAp. The peak point
for the formation of PO.* ions occurred in samples with
sintering temperatures of 650°C and 700°C. The wave
number shown is the same, namely 374.19 cm™, but the
intensity is different. These results are in line with research
conducted by [24]; peaks in the phosphate functional group
were identified at wavelengths of 640-560 cm™ and 1100-
1000 cm2. This result is attributed to the symmetric stretching
of the phosphate group (PO4?). The temperature intensity of
650°C (6.289%T) is stronger than the temperature of 700°C
(8.797%T). The highest peak in the formation of CO3? ions
also occurred in the raw material (RT), namely 1425.4 ¢cm*
with an intensity of 45.071%T. The observation results have
many similarities to the research reported by [25]. It can be
seen that in the raw samples, none of them have peak points
at wave numbers 4000 cm to 3000 cm, while samples that
have been sintered at 550-800°C have an average peak point
at wave numbers 4000 cm™ to 3000 cm™*. The three strongest
peak points are on average at wave numbers 1000 cm-* to 300
cml. Sintering temperatures 550°C, 600°C, 750°C, and
800°C have the strongest peak point (peak 1) (at wave
numbers 4000 cm to 3000 cm, while 650°C and 700°C
peak | is at wave numbers 400 cm™ to 300 cm?. The
differences in absorption peaks between raw and sintered
samples have proven that the sintering process has an
influence on the process of forming HAp compound
molecules. The results obtained are similar to the results of
research reported by [26]. In carbonate molecules (COs%),
strong peak intensity is found at wavelengths 1500-1490 cm-
1 and 2000-1900 cm), followed by hydroxyl groups with
different peaks (2900 and 3400 cm™)[27].

3.4. Microstructural evolution

Analysis using SEM is an in-depth analysis that
examines the surface morphological structure of a material.
Figure 4 shows a representative appearance of BEW(a) base
material with HAp produced by applying a sintering
temperature of 800°C (b). The appearance of the
microstructure in Figure 4(a) shows a denser structure. The
solid structure is composed of organic matter molecules that
are between the shell matrix. In Figure 4(b) it can be seen that
there is a porous structure left due to the sintering process
applied. The porous structure occurs due to the loss of organic
substance molecules that fill the matrix between calcium
molecules that make up the composition of the eggshell. In
particular, it can be seen that in Figure 4(b), there is an
agglomeration of the particles, whereas previously, in Figure
4(a), the particles were separated. This is the effect of the
sintering process applied. The agglomeration process on HAp
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indicates that the sintering process has reached its final stage.
This process is indicated by grain boundaries that begin to
enlarge and pores that are closed/isolated by grains. This
result is also in line with the results of research that has been
reported [28]. Based on the morphology of the resulting HAp,
particles have a round shape and are not sharp. This makes
HAp products from BEW have potential as materials in the
medical field and are not harmful to other tissues. Materials
that have a sharp and sharp morphology have the potential to
injure the underlying tissue [29]. Figure 4 also shows that the
application of sintering to eggshells causes a reduction in
particle size. This can be seen in Figure 4(a); the average
particle size of the raw material is 4-5 microns, whereas when
the sintering temperature is 800°C, the particle size decreases
to an average of 1-3 microns. Increasing temperature causes
agglomeration, which facilitates the formation of
hydroxyapatite. Evaluation results from previous research
show that different types of materials and sintering
temperatures influence the physicochemical properties of
HAp. The sintering temperature applied in the process is
positively correlated with the structure of the raw materials
used. Types of materials can have different crystal
arrangements and molecular bonds so that they will produce
different products [25, 30].

4. Conclusion

The research results show that the hydroxyapatite
extraction process from BEW material using varying
sintering temperatures has been successfully implemented.
These results have answered public concerns regarding the
increasing potential for broiler eggshell waste production.
The research results show that the hydroxyapatite extraction
process from broiler eggshell material using varying sintering
temperatures has been successfully implemented. The
properties of hydroxyapatite were evaluated quantitatively
(yields and mass loss) and qualitatively (FTIR and SEM). The
application of different sintering temperatures to broiler
eggshells produces HAp with different physicochemical
properties (crystal formation and functional properties).
Applying a temperature of 550°C significantly increases the
Y value and reduces ML. Sintering temperature has a
significant effect on the agglomeration process for the
formation of HAp crystal molecules during the production
process. Utilizing BEW is a solution in reducing the
production of livestock waste and is a solution in providing
environmentally friendly alternative raw materials.
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