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Abstract. The milkfish bones (chanos-chanos forsk/CCF) which contain of Ca 4%, P 3% and protein
32% are a waste material. It is necessary to process the waste into a new product so that it can be used
optimally. The milkfish content contains various metallic elements which can be combined
metallurgically with aluminum (Al) as a matrix and Titanium (Ti)/magnesium (Mg) as a wetting
element which will give an interface between materials. With that advantages, the milkfish bones can
be used as a composite material with a content of more than one type of matrix that is being used as
a composite hybrid. Milkfish bone material calcined at temperature of 500-700°C, and made into
Hydroxyapatite (HAp). This material was made as reinforced by mixing on Al with Mg and
lightweight metal as well so that it can be processed into hybrid composite material. The study refers
to the influenced of the stress distribution at the process of composites based on CCF calcination on
the mechanical properties that was produced by self-high propagating temperatures synthesis (SHS)
methods. The experiment used 3 types of sample with different composition each sample. The first
type of sample composition used 80% HAp, 10% Al, 4% Mg, 3% Ti and 3% Cu with a pressing
operated at 461.2 MPa which resulted in maximum mechanical hardness of 167-239 HV10. The
second type of sample composition used 80% HAp, 10% Al, 4% Mg, 2% Ti, 2% Cu, and an addition
of 2% Al203 ceramics with operational pressure reached at 691.7 MPa which resulted in a hardness
value 0f 229-349 HV10. The third type of sample composition used 80% HAp, 10% Al, 4% Mg, 2%
Ti, 2% Cu and 2% SiC as a reinforced with operational pressure reached at 921.8 MPa and hardness
value of 359-375 HV10.

Introduction

Milkfish bones in the material science term are called chanos-chanos forsk (CCF). CCF can be
processed into hydroxyapatite (HAp) material which is useful for biomaterial applications. HAp
material which contains compound of Cas(PO4);(OH), is an inorganic material that shows good
biocompatibility for bone connection material [1]. Aluminum (Al) is non-ferrous metal that has been
used for special application due to its special properties such as good ductility, lightweight and low
melting point, compared to other materials. In this case, Al can be used as a matrix or reinforcement
on composites materials, especially hybrid composites [2-3]. CCF is processed using calcination at
temperature of 500-700°C to transforms CCF into HAp. By used of the right temperature, hybrid
composite microstructures of several metal elements are combined with Ifgp. The appropriate
process for fabrication of hybrid composites that is made from CCF is self-propagating high
temperature synthesis (SHS). SHS is a unique method for making certain advanced materials such as
metals, alloys, ceramics, intermetallic compounds and especially an advanced composite material.
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The SHS process is based on combustion of exotherms that has a high purity of products. The aim of
SHS process is to obtain a metastable phase in synthesis and simultaneous densification as well.
Based on the heat released from the process reaction (fuel-oxygen/oxidizer), the reaction is able to
regenerate itself. While the high temperature that is being produced is sufficient for the synthesis of
the desired material product [4].

In previous research, the heating process of 2 hours resulted in undistributed of SiC as a reinforced
at each phase that is caused by the weak SiC bond. Heating process for 3 hours resulted in SiC as a
reinforcement was surrounded by metal elements and stacked by magnesium which acts a wetting
agent. During heating process at 4 hour resulted in a complex distribution between HAp, Al and other
elements. The 4-hour heating condition produces SiC reinforcement grains to grow larger. Although
all of powder materials are surrounded by metal elements, there is still agglomeration between
granules. This condition caused mechanical properties to decreased [5]. Pressure parameter gives
significant influence on properties that is produced. Pressure analysis used a finite element simulation
to measure the impact of cold pressing effects and to produce relatively high mechanical properties.
The impact was micro cracks occurred at the center point area so that the pressure distribution was
less uniform [6]. Pressing in hot conditions will produce a distribution of mechanical properties,
especially uniform hardness. The temperature used does not exceed the upper limit of the
recrystallization temperature of the material, so that the material is free from micro-cracking [7]. This
paper explores the effect of pressure on the mechanical properties produced, the distribution and
changes on morphology of grains formed by results of the SHS method. Autodesk fushion type 360
analysis software was used to find out the pressure distribution. The optimum pressure in each type
of composition has a different value, so the value of the pressure distribution ensured optimal
characteristics of mechanical properties. Autodesk fusion type 360 Software is also used to determine
the sample composition that needs to be calibrated.

Material and Experimental Method

The Calcination process of CCF (milkfish bones) into hydroxyapatite material. Milkfish
bones (CCF) were washed using water and soap to removed fat and dirt from the bones. After that,
the bones were boiled for £ 60-90 minutes, this depends on the fat content and dirt that need to
dissolved in the water. Next, the heating of calcination process was applied at temperature of 500-
700°C to get the HAp. Reading scale in the furnace was 600°C but outside the temperature of 700°C.
After the temperature has reached the exact temperature and changes in white occurred, the CCF
sample that was inserted in the furnace was issued to be prepared as a composite hybrid material.
HAp that acts as a matrix is described in fig. 1.

Figure 1: Process of calcination on milkfish bone of Hap: a) milkfish bone after washing and drying
b) calcined milkfish bone at an excess temperature of 700°C c) calcined milkfish bone at a temperature
range of 500-600°C

The calcination process at a temperature of 600°C produces 2 different colors of hydroxyapatite.
Based on fig. 1 the calcination process at an excess temperature will produce black color, because of
organic compounds in the form of carbon found in fish bones. Organic components in fish bones
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include 30% of the material while 70% are calcium phosphate and HAp [1]. HAp in black has an
irregular crystal structure (amorphous), whereas in the process of calcining milkfish bone ranges
between 500-700°C hours have formed pure hydroxyapatite, this can be shown in white where carbon
compounds and collagen have decomposed during the calcination process and in appropriate
temperature, so that the process of degradation organic material did not occur again [5].

Materials used as supporting elements for hybrid compost materials. The manufactured of
hybrid composite used 3 types of material, namely: HAp and SiC/AlO; ceramics as a matrix,
reinforced by metal: Al and Ti and Mg/Cu acting as wetting, the use of experimental materials is
presented in table 1. Experimental combination of composite hybrid materials have their respective
role. Each element has a role in the manufacture of milkfish bone-based hybrid composites. Element
Al as a reinforcement is useful to expand the area of ductility from static loading, to withstand plastic
deformation. Mg as wettfllg has an effect on the bonding between metal and HAp. The main properties
of Titanium are: strong at high temperatures, light-weight specific, corrosion resistant, and has the
ability to withstand extreme temperatures. It was easily integrated with other metals, to produce high-
performance alloys. Ti alloys on HAp that act as an oxidation protector is also able to bind the powder
granular bonds as well, whereas Cu in HAP alloys acts as a catalyst in the bonding process - with
other metal elements such as Mg and Al. Cu and Mg plays a role on wetting will work optimally.

Table 1. Specifications of constituent elements of hybrid composite

Materials |Gram] [Mesh]
Hydroxiapatite (HAp) * 500 200
Aluminum** 300 280
Copper (Cu)*** 100 200
Titanium (Ti)** 200 320
Magnesium (Mg)*** 250 180
Silicon Carbide (SiC)* 100 200
Alumina (Al203)* 100 200

*Matrix,

**Reinforcement,

**Couplmg Agent

Application of the self-propagating high temperature synthesis (SHS) method. The
experiment used the SHS method, as shown in fig. 2 HAp powder as matrix added of 99.9% pure Al
as reinforced, as well as 99.9% magnesium mixed into the mold as a wetting agent. Mg as a wetting
agent has an important influence in the bond between powders, so that a bond reaction occurs between
each powder. The addition of Ti and Cu powder as an additional reinforcement to form hybrid
composite was carried out using the SHS method. To add a strengthening effect, the HAp powder
which acts as amatrix is added to cach SiC and Al2Os to be compared as well. The used of temperature
ranges from 700-800°C using a muffle furnace. Making samples for the SHS process, namely by
mixing using a shaker mill for 10 minutes, the goal is that all ingredients can be mixed evenly.
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Figure 2: The SHS device consisting of mold/dies, compacting machine and muffle furnace

accompanied by the results of a green hybrid composite samples

Mechanical desktop simulation to get stress distribution. The pressing process has an effect on
microstru@ure and mechanical properties of hybrid composite materials. Software of Autodesk fusion
360 type, has been used for conducting pressure effect through distribution effect pressing [6]. Based
on theoretical of journals [6-7], the flow stress is evenly distributed from the point of pressure to the
end point. So that cracks will not arise [8]. This is proved by the absence of cracks on hybrid
composite sample both from the composition without the matrix, and also the addition of SiC/Al203
as additional matrix. This has been done on experiments with Al>Os-reinforced Al-based composites.
The compression provides an effect on mechanical properties especially on hardness value which are
applied to hybrid composites. The initial pressure of a hybrid composite material applies a magnitude
of 200 MPa, but after the pressing process runs, the pressure value that occurs has a difference.

The compression was applied to three different types of compositions. In hybrid composite
materials: 80% HAp; 10% Al; 4% Mg; 3% Ti and 3% Cu results from the flow pressure that occurs,
as seen in the simulation analysis of fig. 3. a. The moving distribution of flow stress from the value
of 15.2: 80.1: 175.4: 270.6: 365.9 MPa to the maxima at 461.2 MPa, in this condition the flow stress
works evenly and produces adequate mechanical properties between 167.07-229.21 HV10. The
moving pressure follows the flow of forced, if there is no stress concentration, the resulting of pressure
will be evenly distributed. In materials with a composition of 80% HAp. 10% Al; 4% Mg; 2% Ti; 2%
Cu; 2% accompanied by additional Al>O3 ceramics, the pressure of 691.7 MPa, presented in figure
3. b, moving distribution of flow stress from the value of 22.8: 120.1: 263: 405.9: 584.8 MPa to the
maxima at 691.7 MPa, in this condition the flow stress works evenly and produces adequate
mechanical properties between 359.04-239.86 HV1. Al:O; gives the effect of internal stress on the
movement of the composite material powder, it is proven that the value of the resulting pressure was
higher, this will improve the mechanical properties. Flow stress results with the addition of
composition on 80% HAp; 10% Al; 4% Mg; 2% Ti; 2% Cu; 2% SiC, has the highest-pressure
distribution value of 921.8 MPa, figure 3. c). flow stress distribution has a value that varies with
results: 29.3: 160.9: 351.2: 341.4: 731.6 MPa and 921.8 MPa on last distribution stress. Compared
with Al20a, the role of SiC has more flow stress which is able to give a large tension for distribution
effect. This proves that the surface contact pressure of SiC is greater than ALO;
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Figure 3: Result of Autodesk fusion 360 simulation a). hybrid composite 1: 80% HAp; 10% Al; 4%
Mg; 3% Ti; 3% Cu. b). Hybrid composite 2: 80% HAp; 10% Al; 4% Mg; 2% Ti; 2% Cu; 2% ALOs.
c). Hybrid Composite 3: 80% HAp; 10% Al; 4% Mg; 2% Ti; 2% Cu; 2% SiC. d) Validation of flow
stress used ANSYS 18.2 software

Validate results software of measurements, used finite element type ANSYS R18.2, seen in fig. 3 d,
there were differences in color that indicate the value of different deformation movements.
Deformation flow starts from the top, in the picture in red, with a deformation of 2.1187¢-8 m,
continues to stage 2 in yellow, with values between: 1.6478e-8 to 1.177e-8. In the next stage, green
was an area of equilibrium in green, valued at 9.6412e-9 and ending in grey at 2.3541e-9 m, in blue,
the flow voltage stops, indicated by the value 0. This gives a sign that the deformation has stopped.
This estimated total deformation provides information on the distribution of operational stresses that
the voltage moves from top to bottom with the results transmitted to some central points of the
deformation.

Characterization of Mechanical Properties.

Hardness measurements give information about homogeneity of strength [9]. It was determined
by how much grain size can be produced uniformly, so that homogeneous strength can provide
resistance to high loading [10]. The results of the measurement of hardness obtained several varied
values. The hardness of Hybrid composite 1 with no-adding ceramics, resulted roughness was
relatively low ranging between: 167.07-239.86 HV10. This is due to the effect of a relatively low
compression effect that only has a value of 461.2 MPa compared to composites with the addition of
ceramics as a matrix. Besides the HAp which is still fragile, pressure distribution that occurs is
relatively small in the compression area, only 80.1-365.9 MPa based on image simulation 3.a, another
factor because of reinforcement load of Al/Ti metal Cu and Mg is so complex, so HAp requires the
addition of a second matrix as doping. Addition of A1xOs in hybrid composite 2, hardness was 229.21-
349.21 HV10. The hardness tends to increase; this is because the value of the compression absorbed
is quite even. From the loading of 691.7 MPa, absorbed between 120.1-584.8 MPa, this will result in
increased mechanical properties, due to the deformation resistance of the Al,O: ceramic element
which has medium hardness. The highest hardness produced by addition of SiC on composite hybrids
3: 359.04-375.01 HV10. The addition of SiC ceramic elements has an effect on the mechanical
properties, especially hybrid composite toughness of the mixture of milkfish HAp on Al/Ti/Cu and
Mg metals. This is caused by SiC elements that more closely blend alloy structures between ceramic
metals and HAp, while AL2Os is not sufficiently effective in forming densities in hybrid composites.
Without addition of ceramics there were several micro-pores, indicated agglomerates on the metal
with the addition of HAp from milkfish bone, this is shown in Figure 4. Results of hybrid composite
microstructure made from HAp from milkfish bone alloy as matrix, metal as reinforcing and coupling
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agent and Al>Os ceramic and SiC as reinforcement. Judging from the aspect of stress distribution,
based on the simulation in fig. 3.c, amount of pressure that occurs is: 921.8 MPa. This results in a
relatively large flow stress of 160.9-731.6. With the magnitude of the value, the compaction of the
hybrid composite powder which is combined becomes increasingly compressible. So that the
hardness increased significantly.

Table 2. Hardness and grain size of hybrid composite based CCF.

Times Hardness (VHI10) Grain Size (um)
Bybrid composite 1* (1 h - sinter) 167.07 2.66
Hybrid composite 2** (1 h - sinter) 229.21 2.66
Hybrid composite 3*** (1 h - sinter) 359.04 1.28
Hybrid composite 1 * (2 h - sinter) 239.86 2.66
Hybrid composite 2** (2 h - sinter) 349.21 2.65
Hybrid composite 3*** (2 h - sinter) 375.01 2.66

*Hybrid composites 1: 80% HAp; 10% Al; 4% Mg; 3% Tiand 3% Cu
**Hybrid composites 2: 80% HAp. 10% Al; 4% Mg; 2% Ti; 2% Cu; 2% + AlOs
**Hybrid composites 3: 80% HAp; 10% Al; 4% Mg; 2% Ti; 2% Cu; 2% + SiC

Microstructures Analysis

The results of hybrid composites without addition of ceramics produced granules with size of
2.66 pm, the microstructure on fig. 4. a) For 1-hour heating, visible black HAp blobs. Reaching 2
hours heating shown fig. 4. b) Black HAp lumps shifted into the granular boundaries of metal. The
same pattern also applies to the addition of Al2Os, at 1-hour heating figure 4. ¢), the HAp clumping
is on each side of the field, after heating 2-hours the spread of HAp with Al2O3 shifts to the metal
grain boundaries. The light on the optical microscope corresponds to the reflection of metal
properties. The addition of SiC on Figure 4. e) With a heating time on 1-hour of SiC particles was
seen to form symmetrical lines on metal grains while the HAp is on its sides. The addition of heating
time reaches 2 hours fig 4. f) Then HAP and SiC were evenly distributed among the constituent
elements. The grain size gives effects on mechanical properties especially to the particular hardness.
In the grain structure produced by SiC composite, heating time of 1-hour produces the finest grain of
1.28 pm, but along by addition of a heating time on up to 2-hours then the item enlarged to reach
2.66 pm. On the addition of SiC with 2 hours of heating time, the highest hardness of 375.01 HV10
was obtained, from the microstructure influenced by the spread of constituent elements from hybrid
composites such as; Al/Ti’/Mg and Cu metals. The distribution of metal elements is able to cover the
pores formed from HAp as a matrix with SiC which acts as an additional matrix so that the material
structure becomes denser. The addition of SiC plays a better role than Al2O3, because the properties
of SiC are better able to give even distribution than Al:O3. For hybrid composites that do not use
ceramics as an additional matrix, there is still a hole that acts as a micro pore or can cause an indication
of cracks in the samples.




190 Broad Exposure to Science and Technology

Figure 4: Micro-structures of hybrid composite based on HAp: a). HAp/metals no ceramic by 1-hour
sinter: b). HAp/metals no ceramic by 2-hour sinter: ¢). HAp/metals add Al;Os by 1-hour sinter: d).
HAp/metals add Al2O3 by 2-hour sinter: ). HAp/metals add SiC by 1-hour sinter: f). HAp/metals add
SiC by 2-hour sinter.

Summary

The first of Hybrid Composite experiment, consist composition of: 80% HAp; 10% Al; 4% Mg;
3% Ti and 3% Cu were pressured by the flow of stress, as seen in the simulation analysis. The
distribution moves from the flow stress of the value 15.2: 80.1: 175.4: 270.6: 365.9 to the maximum
at 461.2 MPa, in this condition the flow stress works evenly and produces the maximum mechanical
hardness: 229.21 HV10.

Composition of hybrid composites was; 80% HAp. 10% Al; 4% Mg; 2% Ti; 2% Cu; 2% of
accompanied by additional Al,O; ceramics. The operating pressured reaches 691.7 MPa. Distribution
of stress from the value of 22.8: 120.1: 263: 405.9: 5848 in this condition the flow stress works
evenly and produces mechanical hardness properties, namely: 359.04.

Pressure effect by addition of SiC to the composition of 80% HAp; 10% Al; 4% Mg; 2% Ti; 2%
Cu; 2% has the highest distribution pressure of 921.8 MPa. The flow stress distribution has varying
values with results: 29.3: 160.9: 351.2: 341.4: 731.6 When compared to Al2O3, the role of SiC has
more flow stresses that can provide large stresses for a more even distribution effect.
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