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Development of Nanosized Hydroxyapatite from Biowaste for Variety

Applications
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ABSTRACT
Hydroxyapatite, HA (Ca10(PO4)6(0OH)2), is an effective inorganic material with high degree of

crystallinity and chemical stability. HA was synthesized from disposal waste such as egg shells or cattle
bones to reduce production cost. The nanosized HA was obtained from precipitation technique. Many
characterization techniques such as TEM, XRD, TGA, FTIR, were used to ascertain HA structure. HA was
fabricated in a variety of forms, i.e.; whisker, porous structure and HA substrate with nanofiber. These
products can be applied in biomedical and environmental purposes. In this research work, all processes were

carried out with nontoxic chemicals and environmentally friendly substances.
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Introduction

Hydroxyapatite (HA) is a calcium
phosphate compound with a chemical formula of
Ca10(PO4)6(0OH)2. Typically, HA has excellent
biocompatibility, bioactivity, non-inflammatory and
non-toxic properties (Marugan, et al., 2004). HA
has been used in regenerative medicine, drug
delivery systems, toothpaste formulations, wound
healing purposes and heavy metal removal in
waste water treatment (Uskkovic, et al., 2010,
Krajewski, et al., 2000, and Elliott, 1994). HA can
be prepared from low cost animal biowaste, i.e.,
pig bones, fish bones, cattle bones and egg shells
(Huang, et al.,, 2011, Lorprayoon et al., 1986,
Sobczak, et al.,, 2009). These biowastes were
cleaned with hot water to remove organic
substances, dried and calcined at 1000/ C. Many
researchers 2015,

Huang, et al., 2011, Sobczak, et al., 2009,) used

(Choochaisangrat, et al.,

the biowaste as starting materials for HA

production. These obtained products were
characterized phase and crystallinity using XRD.
The results showed that the low crystallinity of HA
displayed a high reactivity with surrounding tissue
(Kuénieruk, et al, 2016). The calcium to
phosphorous ratio showed a ratio greater or lower
than 1.67. At the Ca/P ratio of 1.67, the high
stability of the material (inert) inside the human
body occurred. The bioactivity of material was
observed with one at a Ca/P ratio lower than 1.67
(deficient HA). HA is a good material for bone and
teeth substitution. HA can be prepared using
different methods such as precipitation, sovo-
thermal, solid state, sol-gel, sonochemical
microwave and hydrothermal methods. (Arends, et
al.,1987, Lorprayoon, et al., 1991, CineytTas,
2000, Jevtic, et al., 2008, Ma, et al., 2009, and
Zhu et al., 2014). The summary of methods,

advantages and disadvantages are shown in
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Laonapakul, 2015 and KuS'nieruk, et al,, 2016. In
this research work, HA was synthesized from
cattle bone ash and egg shells using the
precipitation method. The nanosizes of the
obtained products were characterized using SEM,
XRD and FTIR. Many applications of HA products

were also concerned.

Materials and method
Materials

Egg shells were obtained from household
waste. Cattle bones were collected from Pratum
Thani market. Nitric acid (65%), calcium nitrate
Ca(NO;),.4H,0, and ammonium hydroxide (30%)
were purchased from Carlo Erba. Phosphoric acid
(85%) received from Lab Scan. Tris [hydroxymethyl]
aminomethane (Tris-base) was Ultrapure MB

grade.

Equipment
Egg shells were obtained from household waste.

Cattle bones were collected from Pratum Thani

market. Nitric acid (65%), calcium nitrate
Ca(NO3)2.4H20, and ammonium hydroxide
(30%) were purchased from Carlo Erba.

The phosphoric acid (85%) was received from Lab
Scan. Tris [hydroxymethyl] aminomethane (Tris-

base) was Ultrapure MB grade.

Method

Hydroxyapatite prepared from cattle bone ash

(modified from Lorprayoon, 1991)
HA was prepared from selected parts of

cattle bones. Organic materials had been

removed by calcination at 1000°C for 3 h. The

calcined bones were crushed, milled and

screened through a sieve (140 mesh; 106 [lm) to

obtain fine powder. The powder of the cattle bone
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ash was composed of big particles of HA with
some impurities. So, the HA powder was further
purified by dissolving the cattle bone ash with 1 N
of HNO;, adding 10% w/v of Ca(NO;),.4H,0 and
precipitating with 30% of NH,OH with a pH of
about 10. The precipitate was filtrated, washed
with hot water and dried in a hot air oven. The
obtained products were characterized by XRD, TGA,
TEM, FTIR. and the Ca/P molar ratio was also
examined.

Hydroxyapatite prepared from egg shells

(modified from K-hasuwan et al., 2012)

Normally, egg shells are composed of
95% calcium carbonate, an organic component,
and mineral salts (Rivera, ef al., 1999). Egg shells
can be used as a calcium source for HA
preparation. Egg shells were cleaned in hot water

and dried in a hot air oven. They were then

calcined at 1000°C to totally turn them into CaO.
The obtained powder was dissolved with 1 M of
HNO;. H;PO, (85%) was added into the solution
to bring the Ca/P molar ratio to 1.67. The tris-
base solution (12% w/v) had been poured into the
solution to precipitate the HA. The precipitates
were filtered, washed with dionized water and
dried in a hot air oven. The obtained products
were characterized using XRD, TGA, TEM, and
FTIR. Ca/P and the molar ratio of the purified
products were also studied.

After preparation, the purified HA powder
was fabricated into products such as whiskers, the
porous structure of the HA and substrate for the
PVA-chitosan nanofiber membrane attachments.
Results and discussion
Morphology and phase of purified HA

HA was prepared from cattle bones or
egg shells. An x-ray diffractometer was equipped

with Cu KOl radiation, with the step time of 0.5,

the step 0.02 and scanning range of 5-50° in the
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study phase of the HA products. The big particles
of cattle bone are shown in fig 1a) with phase of
hydroxyapatite (JCPDS card 090432) as shown in
fig 1b). The HA from cattle bone ash contained
some drawbacks such as poor mechanical
properties, low surface area and contaminated
with some impurities. So, cattle bone ash was
purified by the method after Lorprayoon et al.,
1991. After chemical treatment, nanosized HA
occurred as shown in figure 2a). The nanosized
HA from egg shells is also displayed in fig 2b).
The pure phase of both types of HA was recorded
in fig 2c). The tubular particles of HA were 20x40
nm and 10x50 nm for HA synthesized from cattle
bones and egg shells respectively.
Ca/P molar ratio

The Ca/P molar ratio of the HA was
detected using SEM-EDS. The electron
microscope was carried out with an energy
dispersive  x-ray attachment for elemental
analysis. The Ca/P ratio of the HA synthesized
from cattle bones and egg shells were 1.64 and
1.67 respectively. The Ca/P molar ratio affects the
reactivity, mechanical properties and stability of HA
products (Rivera-Mufioz et al.,, 2012, and Laonapakul,

2015).

FTIR analysis of HA powder

FTIR was used to detect in the range of
4000-650 cm™ with a resolution 64 times in the
ATR mode. The spectra of the obtained products
are shown in fig 3. The characteristic bands were
assigned as shown in table 1. The HA
synthesized from cattle bones and egg shells was
composed of OH™ and PO,> groups of calcium
phosphate. The carbonate in the HA occurred
from the absorption of carbon dioxide from the
atmosphere within a synthetic mixture (Eslami et

al., 2018). The HA from cattle bone purified
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showed the absorption band at 1421 and 875 cm”
' due to the carbonate ion substituted at the PO,>
site or type B. The HA synthesized from egg
shells displayed the absorption band at 1541 cm™
due to the carbonate ions substituted at OH" sites
(type A).
apatite were expected to be high bioactivity

materials (Othman, et al., 2016).

Nanosized particles of carbonated

Thermal stability of HA powder
A themogravimetric analyzer was used in
air atmosphere at a heating rate of 10°C/min up

to 1000°C to examine the heat stability of the HA
powder. The results are shown in fig 4a) and 4b).
The reactions that occurred on the HA powder
during heat treatment were divided into 3 steps
i.e., the evaporation of water, dehydration and
decomposition (Modal, et al., 2016). The results
can be concluded in table 2.

HA can be prepared from biowastes such
as cattle bones or egg shells. The properties of

as-synthesized products are shown in table 3.
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Figure 1 HA from cattle bone ash a) TEM micrograph show the big particle of HA

hydroxyapatite.
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Applications of hydroxyapatite

The HA powder was fabricated in various
forms, i.e., porous structures, whiskers, and
substrate with nanofiber membrane. The products
were applied for biomedical or water treatment
purposes.

Hydroxyapatite whisker

The HA powder from purified cattle bone

was mixed with 1 M acetic acid, stirred for 3 h

and put into an autoclave at 150°C for 6, 12 and
24 h. The HA whiskers are shown in fig 5a), 5b)
and 5c). The aspect ratio of a HA whisker was
greater than 20. The obtained products were
expected to be used for reinforcing in polymer
matrix in order to improve the mechanical
properties and applied for biomedical purposes

(Kuanchertchoo, et al., 2013).

HA from cattle bone
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b) XRD pattern revealed the phase of
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Figure 2 Nanosized HA was synthesized from a) cattle bones and b) egg shells and ¢) XRD patterns displayed the pure

phase in both types of HA
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Figure 3 FTIR spectra of HA synthesized from cattle bone purified and egg shells
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Table 1 Assignment for FTIR spectra of synthesized HA

Assignment

HA from cattle bone

HA from egg shell

References

OH' structural
PO,* bend V1
and V3

PO,* bend V4
co”

3451 cm’™
1035,565 cm’™’
1094, 1035, 964 cm™’
604, 565 cm"™
1421, 875 cm™ (type B)

3532 cm’™
1036, 564 cm’’
1035, 955 cm’”’
585, 564 cm™

1541 cm™ (type A)

Eslami et al., 2018

lto, et al., 2014

Kamitakahara

etal., 2015

Table 2 Reaction of HA powder during heat treatment

Temperature ( OC)

Reactions

25-150
150-600
600-800
800-900

Evaporation of water

Evaporation of surface water

in lattice

Decarbonation

Dehydroxylation of HA

Table 3 Properties of HA prepared from cattle bones and egg shells

a

Figure 4 Thermogram of HA synthesized from a) cattle bone b) egg shells

Properties

HA from cattle bone

HA from egg shells

Preparation process

Particle morphology and

size

Functional groups
Phases

Ca/P molar ratio

% Yield

Precipitation

Tubular, 20x40 nm

OH", PO,* and CO,* (type B)
Hydroxyapatite with low crystallinity
1.64-1.65
100%

Precipitation

Tubular, 10x50nm

OH", PO,* and CO,* (type A)
Hydroxyapatite with low crystallinity
1.67
70-80%
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Figure 5 Hydroxyapatite whisker from purified cattle bone were prepared at 150°C for a) 6 h b) 12 h and c) 24 h in autoclave

reactor

Figure 7 membrane from PVA-chitosan nanofiber on HA substrate a) microstructure of membrane b) PVA and chitosan

nanofiber in membrane

Table 4 Efficiency of membrane from PVA-chitosan nanofiber on cattle bone HA substrate in waste water

treatment at Pinthong industrial estate, Chonburi, Thailand

lon in waste water Before treatment (ppm) After treatment (ppm) % Removal
cr¥ 0.5 (+0.133) 0.15 (+0.064) 70
Fe®* 6.20 (+3.025) 2.72 (+2.098) 56
Zn* 39.52 (+2.991) 0 100

Data from Department of Chemistry, Faculty of Science, Ramkhamhaeng University
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Porous structure of hydroxyapatite

HA from cattle bone was turned into a
suspension form with some Cay(PO,), glass
powder. The polymeric sponge (fig 6a)) was used
as a template for the replication of its structure.
The suspension was pushed into a sponge,
squeezed out and these processes were repeated

several times. The sample was dried, burnt out

sponge and sintering at 1000°C for 3 h. The
porous structure of the HA is displayed in fig 6b)
and microstructure in fig 6¢). The porous HA
tends to be used as carrier for drug delivery or
bone filler for orthopedic surgery. (Kuanchertchoo,
1996).
Polyvinyl alcohol and chitosan nanofiber
membrane deposited on HA substrate

Polyvinyl alcohol (10%w/v) was mixed
with 2%w/v of chitosan in an acetic acid solution
at the ratio 1:3. The mixture was formed into
nanofiber using the electrospinning technique onto
substrate of HA from cattle bone. The obtained
products are shown in fig 7 and used as
membrane for the removal of Fe?*, Zn?>* and Cr**
in waste water treatment. The efficiency of the

membrane is shown in table 4. This process is

environmentally friendly and energy saving.
(Butrieng and Wangtrakul, 2014).
Conclusions

Nanosized hydroxyapatite was

successfully prepared from biowaste, i.e., cattle
bones or egg shells through a precipitation
method. Synthesized HA was examined by
different techniques, FTIR showed the functional
groups of carbonated apatite and TEM displayed
the nanorod of HA. TGA ascertained the heat
stability of the obtained products. XRD also
confirmed the low crystalline of the HA phase.
Synthesized HA powder was fabricated into

whiskers, porous structure of HA and HA

95

substrate for the nanofiber membrane attachment.

The obtained products were applied for
biomedical or environmental purposes. Moreover,
this research work was also concerned with green

and waste utilization in the process.

Acknowledgement

The author would like to thank the

Department of Materials Technology, Department
Science, at

of  Chemistry, Faculty of

Ramkhamhaeng University, Bangkok, Thailand,
The Department of Materials Science, Faculty of
Science, Chulalongkorn University Technology,
Bangkok, Thailand, The

Physical  Testing

Laboratory, Industrial

Service Centre (MTC),

Metrology and Testing
Thailand Institute of
Scientific and Technological Research (TISTR) as
well as the Chemistry program, Department of
Science, Faculty of Science and Technology,
Rajamangala University of Technology Krungthep,

Bangkok, Thailand for providing technical support.

References

Arends, J., Christoffersen, J., Eckert, H., Fowler,
B.O., Heughebaert, J.C., Nanoollas, G.H.,
Yesinowski, J.P., and Zawacki, S.J. 1987.
A Calcium Hydroxyapatite Precipitated
from an Aqueous Solution: An Intemational
Multimethod Analysis. J. Crystal. Growth, 84,
515-5632.

Butrieng, V., and Wangtrakul, C. 2014. Preparation
of poly (vinyl) alcohol and chitosan

nanofibers membrane on substrate of

hydroxyapatite from cattle bone ash.

Specials Project, Department of Materials

Technology, Faculty of Science,
Ramkhamhaeng University.
Choochaisangrat, T, Powduang, T.,

Kuanchertchoo, N., Kashima, D. P. 2015.



NI TINAMUAI (Ansenaasuazinalulad) U0 22 aduf 2 nsngiaw — sunew 2562

Effect of Crystallinity of Hydroxyapatite
Nanoparticles Prepared from Bovine Bone
on Adsorption of Ammonia Gas. Key Eng.
Mat. 659: 289-293.

CuneytTas, A. 2000. Combustion synthesis of

calcium phosphate bioceramic powders. J.

Eur. Ceram. Soc. 20 (14-15): 2389-2394.

Elliott, J.C.1994. Structure and Chemistry of the

Other
Orthophosphates, Volume 18. 1% Ed.

Apatites and Calcium

London, UK, Elsevier Science.

Eslami, H., Tahrir, M., Moztarzadeh, F., Bader. R.

Huang,

2018. Nanostructured Hydroxyapatite for
Biomedical Applications: From Powder to
Journal of the Korean
Ceramic Society. 55(6): 597-607.

Y.C., Hsiao, P.C.,, Chai, H.. 2011.

Bioceramic.

Hydroxyapatite extract from fish silage:
Effects on MG 63 osteoblastlike cells.

Ceram. Int..37: 1825-1831.

Ito, N., Kamitakahara, M., Yoshimura, M., loku, K.

Jevitic,

2014. Importance of nucleation in
transformation of octacalcium phosphate to
hydroxyapatite. Mater. Sci. Eng. C. 40: 121—
126.

M., Mitric, M., Skapin, S., Jancar, B,
Ignjatovic, N., Uskokovic, D. 2008. Crystal
nanorods

structure of hydroxyapatite

synthesized by sonochemical
homogeneous precipitation.

Growth Des. 8: 2217-2222.

Crystal.

Kamitakahara, M., Nagamoria, T., Yokoi, T., and

lokub, K. 2015. Carbonate-containing

hydroxyapatite =~ synthesized by the
hydrothermal treatment of different calcium
carbonates in a phosphate-containing
solution. J. Asian Ceram. Soc. 3(3): 287-

291.

96

Krajewski, A., Ravaglioli, A., ..

KuS'nieruk, S., Wojnarowicz,

K-hasuwan , P., Kuanchertchoo, N., Wetprasit, N.,

and Supaphol. P. 2012. Hydroxyapatite
/ovalbumin composite particles as model
protein  carriers for bone tissue
engineering:

I. Synthesis and characterization. Mater.

Sci. Eng. C. 32:758-762.

Komath, M., and Varma, H. K. 2003. Development

of a fully injectable calcium phosphate

cement for orthopedic and dental
applications. Bull. Mater. Sci., 26 (4): 415—
422.

Roncari, A. E.,
Pinasco P, and Montanari, L. 2000.
Porous ceramic bodies for drug delivery, J.
Mater. Sci.-Mater. Med., 11 (12): 763 -

771.

J., Chodara, A,
Chudoba, T., Gierlotka S. and Lojkowski,
W. 2016. Influence of hydrothermal
synthesis parameters on the properties of
hydroxyapatite nanoparticles. Beilstein J.

Nanotechnol. 2016, 7, 1586—-1601.

Kuanchertchoo, N., Choothong, P., and Wetprasit,

N., and Suphaphol, P. 2013. Synthesis of
hydroxyapatite whisker from cattle bone
ash. (April 23) Proceeding of The 4"
Research Symposium on Petrochemical
and Materials Technology and The 19"
PPC symposium on Petroleum,
Petrochemical and Polymers, Queen Sirikit
National Convention Center, Bangkok,

Thailand Bangkok, Thailand, pp. 458-463.

Kuanchertchoo, S. 1996. Fabrication of porous

hydroxyapatite. Thesis. Department of
Materials Science, Faculty of Science,

Chulalongkorn University.



NI TINAMUAI (Ansenaasuazinalulad) U0 22 aduf 2 nsngiaw — sunew 2562

Laonapakul, T., 2015. Synthesis of hydroxyapatite
from biogenic wastes. KKU Eng. J. 42(3):
269-275.

Lorprayoon C., Jirasupanun, U., Thongnoi, P., and
Jinawath, S., 1991. Comparative study of

from different

hydroxyapatite origins.

Proceeding of the First International
Symposium on Apatite, Vol. 1 , Mashima,
Japan, pp. 201-208.
Lorprayoon C. and Ponin, S. 1986. Effect of
sintering temperature and time on animal
bone materials. J. Sci. Res. Faculty of
Science, Chulalongkorn
Bangkok 11:14-17.

M.G., and Zhu, J.F. 2009. Sovothermal

University,

Ma,

synthesis and  characterization  of
nanostructured

Eur. J.

hierarchically
hydroxyapatite hollow sphere.
Inorg. Chem. 36: 5522-5526.

Murugan, R., Ramakrishna, S.. Wang, X.. Ma, Y.-X.
& Wang, S. 2004. Fabrication of nano-
structured porous PLLA scaffold intended
for nerve tissue engineering. Biomaterials.
25: 1891-1900.

Othman, R., Mustafa, Z., Loon, C. W., and Noor A.
F. M. 2016. Effect of calcium precursors
and pH on the precipitaton of carbonated
hydroxyapatite. Procedia Chemistry. 19: 539
— 545.

Rivera, E.M., Araiza, M., Brostow, W., Castaiio, V.
M., Dil laz-Estrada, J.R., Hernandez, R,
Rodnl lguez, J. R. 1999. Synthesis of
hydroxyapatite from eggshells. Mater. Leitt.
41(3): 128-134.

Rivera, E. M., Velazquez-Castillo, R., Huirache-

Acufia, R., Cabrera-Torres, J. L. and

Arenas-Alatorre, J. 2012. Synthesis and

Characterization of Hydroxyapatite-Based

Nanostructure:

97

Nanoparticles, Nanoplates, Nanofibers and
Nanoribbons. Mater. Sci. Forum. 706-709:
589-594.
Sobczak, A., Kowalski, Z., and Wzorek, Z. 2009.
Preparation of hydroxyapatite from animal
bones. Acta Bioeng. Biomech. 11: 23-28.
Mondal, S., Dey, A., and Pal, U. 2016. Low
temperature wet-chemical synthesis of
spherical hydroxyapatite nanoparticles and
their in situ cytotoxicity study. Advances in
Nano Research. 4(4): 295-307.
Uskkovic,V., and Uskkovic, D.P. 2011. Nanosized
hydroxyapatite = and  other  calcium
phosphates: Chemistry of formation and
application as drug and gene delivery
agents. J. Biomed. Mater. Res. Part B.
Appl. Biomater. 96B: 152-191.
Zhu Y. J., Chen F. 2014. Microwave-assisted
preparation of inorganic nanostructures in
liquid 6462—
6555.

phase. Chem. Rev. 114:



