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ABSTRACT

Researchers have synthesized hydroxyapatite-based porous scaffolds by the polyurethane sponge replication
methods. Hydroxyapatite was derived from waste cockle shells through the co-precipitation method. The syn-
thesis of porous scaffolds through the sponge replication methods is carried out by absorbing hydroxyapatite
slurry through the addition of PVA and then followed by heating at 900°C to decompose the polyurethane and
PVA. The best of slurry that can produce a porous scaffold in this study is the slurry that prepared through the
ratio of hydroxyapatite:PVA = 80:20. The decomposition of the two polymers will leave macropores on the
scaffold with an average size of 460 um. Based on the thermogravimetric analysis, X-ray diffraction and FTIR
spectrophotometer revealed that the PVA and polyurethane sponge were correctly decomposed, except for scaf-
folds with 40% PVA. Thus, the porous scaffolds synthesized in this study satisfies the requirements of porous
scaffolds for the bone therapy process.
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INTRODUCTION compatibility of hydroxyapatite when interact-
ing with bone cells, in recent years, have been
developed synthesize methods for hydroxyap-
atite based on natural materials such as egg-
shells (Nunez et al., 2018) and animal bones
(Gunawan et al., 2019). As a maritime nation,
one of the impressive natural materials to be
developed into hydroxyapatite in Indonesia is
waste cockle shells. The main composition of
cockle shells is aragonite. Through calcina-
tion, it can be decomposed into CaO and can
be used as raw material for hydroxyapatite
(Afriani et al., 2018; Afriani et al., 2019).

The use of scaffolds is a promising alterna-
tive solution in the process of bone therapy.
Through these methods, problems that often
arise in conventional bone therapy methods
such as scarcity of donors, infections, and po-
tential trauma can be overcoming (Huang,
2018). One biocompatible material that is
widely using in the synthesis of bone scaffolds
is hydroxyapatite (Cas(PO4);(OH)) (Esposti et
al., 2019). The chemical and physical compo-
sition of hydroxyapatite also resembles human
bone mineral constituent. To improve the bio-
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Along with the development of the bone
scaffold research, nowadays, there are several
requirements for scaffolds to be used in bone
therapy. Some of these requirements include:
(a) biocompatible, (b) material can induce
bonding bones, (c) the level of biodegradabil-
ity that corresponds to the growth and for-
mation of bone tissue, (d) the mechanical
strength of the scaffold can prop up load be-
fore the regeneration of new bone tissue and
(e) the porous of structures are more than 100
pm to cell penetration, tissue growth, and vas-
cularization can work well (Han et al., 2010).
Therefore, the development of hydroxyapatite
based scaffolds has focused on the develop-
ment of porous scaffolds.

Several methods can be used to produce a
porous scaffold such as porogen replication
(Zhang et al., 2019), foaming (Meskinfam et
al., 2018), and freeze-drying (Afriani et al,
2015). Each of these methods can produce
different pore morphology. Porogen replica-
tion method can provide a homogeneous pore
and has a good interconnection. Also, through
this method, the shape of pore size can be easi-
ly controlled. One of the porogen material that
can be utilized in the replication method is
polyurethane (PU) sponge. PU is a polymer
that is easily decomposed through thermal
treatment, easy to obtain, and cheap (Li et al.,
2015). Therefore, based on these aspects, in
this paper will be presented study related to
the synthesis of porous hydroxyapatite scaf-
fold from waste cockle shells using the PU
sponge replication method with the addition of
polyvinyl alcohol (PVA) as a slurry medium.
PVA is used because it is a biocompatible ma-
terial and it has been widely used in tissue en-
gineering (Waluyo & Sabarman, 2019; Chahal
et al, 2013).

RESEARCH METHODS

This research is an experimental research
and conducted at the Laboratory of Physics -
University of Bangka Belitung, Physics Re-
search Centre - Indonesian Institute of Scienc-
es, and the Lab. UPP-IPD Natural Sciences -
University of Indonesia. The equipment used
in this study includes magnetic stirrer, furnace,

thermogravimetric analysis (TGA), x-ray dif-
fraction (XRD), and Fourier transform infrared
spectrophotometer (FTIR). Materials used in-
clude waste cockle shells from Pangkalpinang
areas, (NH4),HPO,, polyurethane sponge
(PU), and polyvinyl alcohol (PVA).

In summary, procedure of this research is
divided into two stages, namely: (1) the syn-
thesis of hydroxyapatite from waste cockle
shells and (2) a porous scaffold synthesis us-
ing polymer sponge replication. Hydroxyap-
atite synthesis process starting from prepara-
tion of waste cockle shells consisting of clean-
ing subsequently mushed up and calcined at a
temperature of 1000°C for 3 hours. 1000°C
temperature is the calcination temperature of
cockle shells that can be decomposing into
calcium oxide perfectly (CaO) (Afriani et al,
2018). Hydroxyapatite powder synthesized
from a mixture of calcined cockle shells pow-
der and (NH,4),HPO, with a ratio Ca/P of 1.67
through co-precipitation method. After the
solution is aged for 24 hours, precipitates are
filtered and calcined at temperatures of 900°C
for 5 hours. Preparation of porous scaffold
made by substituted hydroxyapatite slurry
phase into a sponge PU. Hydroxyapatite slurry
preparing by mixing hydroxyapatite with the
polyvinyl alcohol (PVA) with a variation of
the ratio of hydroxyapatite:PVA at 80:20
(PVA-20), 70:30 (PVA-30), and 60:40 (PVA-
40). After a sponge impregnated by slurry,
then it is heated at a temperature of 9000C for
2 hours to decompose sponge and PVA and
create pores in the scaffolds. The TGA/DTG is
used to observe the thermal characteristics of
PVA and PU sponge, scaffolds crystalline
phase analysis by XRD, and the functional
groups in scaffolds is determined by FTIR.

RESULTS AND DISCUSSION

XRD analysis of hydroxyapatite powder in
this study is presented in Figure 1. Based on
the comparison between the spectrum of hy-
droxyapatite powder in this study with the da-
tabase can be stating that the spectrum in ac-
cordance with the standard data of hydroxyap-
atite: PDF2-01-084-1998. The three highest
peaks associated with hydroxyapatite, among
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others, lies in the 26 angle: 31.99°, 33.09°, and
32.39°.
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Figure 1. XRD pattern of hydroxyapatite

In Figure 2 are shown the results of the
analysis of TGA/DTG of PVA and PU. It ap-
pears that the thermal treatment process at a
temperature of 900°C will leave only the PU
in a relatively small amount (<10%). Thus, the
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scaffolds formed by a sponge replication
method will be dominated by hydroxyapatite.
Through the PVA decomposition curve in
Figure 2(a), it seems that the decomposition
process consists of three stages. The peak of
first, second, and third stage occurs at a tem-
perature of 106°C, 326°C, and 402°C, respec-
tively. The first decomposition at a tempera-
ture of 106°C associated with the evaporation
of water adsorbed. While decomposition on
the second and third peaks related to the de-
composition of the edge and the main chain of
PVA, respectively (Awada & Daneault, 2015).
For the PU, appears that the mass decom-
position curve consists of three stages. The
culmination of the first phase occurs at a tem-
perature of 295°C, the peak of the second
stage occurs at 367°C, and the peak of the
third phase occurs at a temperature of 738°C.
The first stage of the PU decomposition pro-
cess relates to the urethane decomposition,
while for the second and third stages relate to

— TGA
——DTG

100 L 100

80 - - 80

60

@
=1
1

40

Rel. mass change (%)
E
1
(uwyee) 10

[
=1
1

e
800 900 1000

T T T T T T T T T T T T T T
100 200 300 400 500 600 700
Temperature ("C)

(b)

Figure 2. TGA and DTG patterns for: (a) PVA and (b) sponge PU

(b)
Figure 3. Photograph of scaffolds: (a) PVA-40; (b) PVA-30; (¢c) PVA-20
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the ester bond (Trovati et al., 2010). The low
of first decomposition temperature in this
study (<400°C) occurred because the sponge
thermal treatment process was carried out un-
der atmospheric conditions (Mikulcic et al.,
2019). After the heat treatment process, the
PU will decompose to leave a relatively round
pore as shown in Figure 3. It appears that the
PVA-20 have a good shape. Meanwhile, PVA
-30 and PVA-40 are fragile. The higher levels
of PVA will reduce hydroxyapatite in a slurry.
Thus, for both samples just leaving a little
amount of hydroxyapatite and it was unable to
support scaffolds.
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Figure 4. Pore size distribution of PVA-20
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Analysis of pore size on the scaffold PVA-
20 in Figure 4, shows that the average pore of
the scaffold is 460 pum. Thus, according to
pore size, it can be stated that the scaffold be-
longs to the macropore scaffold and it can sup-
port the growth of bone cells (Sopyan & Gun-
awan, 2013).

The XRD pattern of scaffolds is present in
Figure 5. Through these results, it appears that
almost all of the XRD peaks correspond to the
hydroxyapatite peaks. These indicate that the
synthesis of the porous scaffold through a
sponge replication method does not produce a
new crystalline phase.

Figure 6 shows the FTIR spectra of hy-
droxyapatite powder and scaffolds. Through
the analysis of the FTIR spectra of hydroxyap-
atite powder is found that the specific func-
tional group of the hydroxyapatite is asymmet-
ric stretching vibration of P-O and it arises
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Figure 5. XRD pattern of scaffolds

from PO,> at 1150 to 1000 cm™. Absorption
peak associated with the symmetric stretching
vibration of PO,” occurs at 960 cm.
Absorption peak associated with the bending
vibration of PO,* occurs at 560-620 cm’.
Also, another absorption peak that appears at
3573 cm™!, 630 cm™', and 471 cm™ indicate the
presence of OH groups in hydroxyapatite
powder (Azis et al., 2015). The FTIR spectra
on porous scaffold PVA-20 and PVA-30 did
not show any significant differences with the
FTIR pattern of hydroxyapatite. These indicate
that the scaffolding is not forming new
functional groups. However, different things
happen on the scaffold PVA-40 that has
absorption peak at 1745 cm™ and it correspond
to the C=0 group, although at low intensity (Li
et al.,, 2015). The emergence of the C=0O
group originates from the remaining PVA in
the scaffold that does not completely decom-
pose. This is the impact of PVA-40 slurry
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Figure 6. The FTIR patterns of
hydroxyapatite powder and scaffolds
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which contains PVA in a higher amount than
the others.

CONCLUSION

Based on the XRD patterns analysis has
been shown that the hydroxyapatite could be
synthesized from waste cockle shells through
the co-precipitation method. According to the
TGA/DTG analysis can seem that the heating
process at 900°C quite useful to decompose
PU and PVA. The best slurry that can produce
a porous scaffold is the PVA-20. Measure-
ments of micrographs showed that the porous
structure of the scaffold has an average pore
size of 460 um. Based on this, it can be stated
that the synthesized porous scaffold can sup-
port bone cell growth properly. Also, accord-
ing to the analysis of FTIR spectra and XRD
pattern showed that porous scaffolding, except
for PVA-40, did not have significant amounts
of PU and PVA.
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