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ABSTRACT

Hydroxyapatite is a bioactive and biocompatible ceramic material with major composition of calcium
and phosphorous which is a primary constituent of human bones. It has a prominent role in the replacement
of bone cement and other corrosion protecting materials in implant surgeries. It also helps in the formation of
osteoblasts cell (Mesenchymal stem cells) and tissues with strong adhesion and dense structures over the
implant location. In general Hydroxyapatite cannot stand alone as an implant material due to its poor
mechanical properties. It can be employed as coating materials or in the form of reinforcement with other
biomaterials. In this review we have summarized about the Corrosion characteristics of hydroxyapatite
coatings over titanium (Ti), surgical grade stainless steel (SS316 L) and Magnesium alloys substrates in
simulated body fluid solution (SBF). The ionic concentrations and PH (7.40) of SBF solution are made equal to
the human blood plasma.
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INTRODUCTION

Biomaterials are synthesized to perform in body environment to substitutes for the damaged bones
and tissues. They are expected to withstand the loads offered by the body and create corrosion resistance to
body fluid [1, 2] Hydroxyapatite Caio (POa)s(OH)2 are chemically similar to composition of human bones with
osteoconductive nature. Generally pure HA exhibits lower mechanical stability and quick dissolution in
simulated body fluid solution [3, 4]. T .Laonapakul et al reported that the implant of pure HA coatings may
occur frequent fracture in live body environment over time period. This can be overcome by the introducing
bioactive materials as reinforcement [6, 7] Vidakhalili et al reported that the nano indentation analysis of
hydroxyapatite and silicon-multiwall carbon nano tube composite coating showing highest elastic modulus of
45.8Gpa which is greater than bone tissue of 30Gpa. [5].

X. Feng Juan has reported that reinforcement of Si to HA coatings improve bioactivity and this Si
material plays major role biological processes of human body [8]. F.Chen reported about the introducing of
carbon nano tubes (CNT) will improve the mechanical properties of the coatings and it has a similar
morphology of nano-scale collagen fibers of natural bone tissues [9]. Y- H. Jeong reported that more adhesion
on HA has been achieved on nano tubular oxide layer when compared to air formed oxide layer in the attempt
of adhesion improvement through interlayer of HA.[10-11]. The introduction of oxygen and ammonia during
the microwave plasma enhanced chemical vapor deposition of HA process will improve better adhesion of the
coatings over the substrate [12]. L.Sun et al reported crystalline form of HA has slower degradation in vivo
experimentation compared to amorphous structured HA and protect the coatings from corrosion for a longer
period [13]. Grabmann et al observed that there is a decrease in adhesive strength of the coating in simulated
body fluid solution in an immersion period of 14 days [14].

Yang et al reported about the improvement in adhesive strength of the HA coatings with plasma spray
coating process and reduced the residual stress of the coatings [15]. Rackngarm et al reported that the Ti/HA
bonding has improves the cracking resistance with positive stress ratio [16]. Yuichi otsuka et al experimented
on HA coatings and reported that the residual stress of the coatings can overcome by treating the samples
with 650 ° C for 1 hour period in atmosphere furnace followed by air cooling [17]. K.Izumi et al reported that
sol gel is used to achieve required coating thickness and at low heat treatment temperatures [18]. D.Gopi et al
reported that cathodic electro deposition (CED) is more suitable for low deposition temperature, and helps in
formation of coatings in complex shapes and porous substrates. [19 - 22]. Cleries et al has not observed an
degradation of crystalline HA coatings over the immersion of 120 hr period in Simulated body fluid solution [23
— 24]. Presence of HA coatings will decrease the release of hydrogen up to 75 to 78% for the immersion period
of 240 hrs in Simulated body fluid solution [25]. This review gives the summary about the HA deposition over
various substrates of biomaterials and their corrosion behavior in Simulated body fluid solution. This corrosion
property will helps in calculation of implant life in the period of replacement inside the body. Immersion
testing of the samples in SBF is similar to testing the sample in vivo. The ionic concentrations and Py are
identical.

Corrosion characteristics of Hydroxyapatite in simulated body fluid

Kokubo protocol of simulated body fluid solution helps in the identification of in vivo Corrosion
behavior of the HA coatings. This solution can be prepared by Reagent — grade sodium chloride (Nacl) , Sodium
hydrogen carbonate (NaHCO3) , Potassium chloride (KCL) , di-potassium hydrogen phosphate trihydrate
(K2HPO4.3H20), Magnesium chloride hexahydrate (MgCl2.6H20), calcium chloride (CaCl2) and sodium
sulphate (Na2 So4), were dissolved in to De lonized water [35].

Conor.F.Dunne et al performed immersion and electrochemical analysis for the HA coated magnesium
alloys in phosphate buffered saline solution. The temperature of the system has maintained to 37°C for 10
days. This process is examined through the percentage of hydrogen evolved and percentage of magnesium
dissolved in the solution. It was reported that the hydrogen evolution for the samples observed 56 ml/cm?
after 240 hrs. Also the HA coated magnesium alloys exhibit better corrosion resistance during this process.
They also performed this corrosion examination for the uncoated samples, but the coated samples have less
hydrogen evolution than uncoated. The presence of HA layer as coating has reduced the release of hydrogen
by 34% during the immersion. [26 — 30]. The presence of HA over the substrate will act as a barrier to avoid the
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transportation of electrons and ions between substrate and electrolyte solution. This will reduce the rate of
corrosion of the implant.[31 —34].

Yuichi Otsuka et al has conducted corrosion examination for HA coated Ti substrates using KuKbo’s
SBF solution technique [35]. The samples were immersed in simulated body fluid solution for 1 week and the
temperature was maintained to 37°C. The solution was changed periodically in the interval of two days. The
delaminating behaviors of the coatings are examined with loading frequency of 0.02 Hz. It is observed that the
delaminating is not exceeded greater than 1 mm for 5 X 10° cycles. Also the delamination propagation rate of
HA coating became higher in simulated body fluid solution. [37 — 41]

Yakup say et al conducted corrosion examination for HA — SiO2 composite coatings over Stainless
steel substrates using potential dynamic polarization. The corrosion cell was maintained with temperature of
37°C and silver chloride electrode is used as a reference electrode and platinum has been used as a contrary
electrode. It is observed that the cracks are formed over the HA layer and the addition of SiO2 has decreased
the pore density and reduced the formation of corrosion in the coatings. [ 42 — 46 ] Laonapakul et al reported
that presence of HA coatings are not prone to corrosion resistance as expected because of the presence of the
porous structure These pores are act as zones where the electrolytes were remains and the internal sides of
the pores are filled with the oxides of the corrosion products. The addition of SiO2 will cover the pores and act
as a barrier for the access of the corrosion products. Also the local corrosion of the surface creates dimple in
the coatings [47 — 51].

Yong Huang et al has conducted corrosion resistance examination on strontium and manganese co-
substituted HA ceramic coatings over Ti substrates. They were performed the potential dynamic polarization
test with LK2005A electro chemical system. The corrosion resistance of SrMnHA coated samples is more when
compared to uncoated and HA coated samples in simulated body fluid solution. This results are similar to the
ionic doped HA deposition over the Ti substrates [52-54]. The uniform deposition and surface protection of
SrMnHA coatings helps in achieving the maximum corrosion resistance. The reduced grain size of the particles
has greater role in the formation of barrier to the electron transfer from the substrate to electrolyte [55 — 58].

Krai Kulpetchdara et al conducted corrosion examination on thermally sprayed Nano HA and
commercially available HA powder over stainless steel substrates in simulated body fluid solution. Over a
period of 14 days, it is observed that the coatings were covered with nano crystalline layer with different
surface morphology was identified. The cauliflower like precipitates is observed in the scanning electron
microscope image. [59 — 62]. The phenomenon of the formation of the precipitate layer will shows the
formation of bioactivity over the coatings. [63 — 65].

Kean — Khoon Chew et al conducted experiment on HA coated stainless steel 316 L using
Electrophoretic deposition method. The corrosion behavior was examined by the electrochemical examination
using simulated body fluid and three electrode system with saturated calomel electrode as a reference
electrode. For the open circuit potential of applied voltage 40 V shows greater corrosion resistance of HA
deposited SS 316 L. this is due to formation of thick coating during the electrophoretic deposition [66 — 70].

Dinh Thi Mai Thanh et al are conducted corrosion test on HA coated SS316 L in simulated body fluid
solution. It is observed that in five days of immersion calcium and phosphorus ions polarization occurs from
SBF solution to cavities of HA makes the local concentrations of ions relatively high [ 71 -73].

SUMMARY

It is summarized that deposition of pure HA as a corrosion protection layer will not create the
resistance for the corrosion as expected. This can be performed to some extent by different deposition
techniques with dense coatings. Also the structure of the HA (Crystalline or amorphous) matters a lot in the
protection layer formation. The porous coating may led to more corrosion rate. In case open circuit potential
examination in simulated body fluid the corrosion products will get in to these pores and increase the
corrosion rate. Reinforcement of Si, CNT with HA forms a composite and close the pores in HA deposition. This
composite will act as a barrier for transfer of ions between the electrolyte and the substrate of the coating. In
some of the experiments it is observed the formation of bioactive layer over the immersion period of 14 days
in simulated body fluid solution. It is concluded that HA coatings for the implants with suitable deposition
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process and reinforcement will create the anti - corrosive barrier for the substrates and improves the bio -
compatibility of the implant.

ACKNOWLEDGEMENT

The authors wish to thanks for scientists from Center for Nano science and Nano technology of
Sathyabama University for the contribution and guidance for the collection of literature review papers.

REFERENCES
[1] D.H. Kohn ,Curr Opin SolidStateMater.Sci.3, (3) 1998; 309-316.
[2] V.Singh , K.Marchev, C.V.Cooper, E.l.Meletis, Surf.Coat.Technol, 160, 2002; 249-258.
[3] D. Wei, Y. Zhou, D. Jia, Y. Wang, Ceramic Int, 34 ,2008; PP 177-189.

[4] J. Wang, Y. Chao, Q. Wan, K. Yan, Y. Meng, J. Mater Sci. Mater Med, 20,2009; PP 1044 — 1055.
[5] vida Khalili, journal of the Mechanical behavior of biomedical materials, 2016; PP 1122-1129.
[6] T. Laonapakul, A.R. Nimkerdphol, Y. Otsuka, Y. Mutoh, J. Mech. Behav. Biomed. Mater, 15, 2012; 153-

166.
[7] P. Amaravathy, S. Sathyanarayanan, S. Sowndarya, N. Rajendran, Ceram. Int. 40 ,2014; 6617-6630.
[8] X. Feng-Juan, Z. Ying, Y. Li-jiang, , T.Nonferr. Metal. Soc. 19, 2009; 125-130.
[9] F. Chen, W.M. Lam, CJ. Lin, G.X. Qiu, Z.H. Wu, K.D.K. Luk, W.W. Lu, J. Biomed. Mater. Res. B

Appl.Biomater, 82 ,2007; 183-191.

[10] Y.-H. Jeong, B.-H. Moon, H.-C. Choe, W.A. Brantley journal of Thin Solid Films 549 , 2013; 147-153.

[11] H.-J. Kim, Y.-H. Jeong, H.-C. Choe, W.A. Brantley, Surf. Coat. Technol, 259, 2014; 274-280.

[12] R. Pareta, L. Yang, A. Kothari, S. Sirinrath, X. Xiao, B.W. Sheldon, T.J.Webster, J. Biomed.Mater. Res. A,
95, 2010; 129-136.

[13] L. Sun, C. C. Berndt, K. A. Khor, P. Cheang, and K. A. Gross, J. Biomed. Mater.Res., vol. 62, no. 2, 2002;
pp. 228-236.

[14] 0. Gramann, R.B. Heimann, Journal of Biomedical Materials Research , 2015; vol 7, issue 4 , PP 123-
135.

[15] Y. Yang, E. Chang, Biomaterials, 22, 13, 2001; 1827-1836.

[16] A. Rakngarm, Y. Mutoh, J. Mech. Behav. Biomed. Mater, 2, 5, 2009; 444-453.

[17] R.Murugan,S.Ramakrishna, Compos.Sci.Technol. , 65, 2005; 2385-2406.

[18] K.lzumi , M.Murakami , T.Deguchi, A.Morita, N.Tohge, T.Minami J.Am.Ceram. Soc, 72, 89, 1989;
1465-1468.

[19] S. Vahabzadeh, M. Roy, A. Bandyopadhyay, S. Bose, Acta Biomater, 17, 2015; 47-55.

[20] D. Gopi, E. Shinyjoy, L. Kavitha, Ceram. Int, 41, 2015; 5454-5463.

[21] D. Gopi, E. Shinyjoy, A. Karthika, S. Nithiya, L. Kavitha, D. Rajeswari, T.T. Tang, RSC. Adv, 5 ,2015;
36766—36778.

[22] D. Gopi, N. Murugan, S. Ramya, E. Shinyjoy, L. Kavitha, RSC. Adv, 5, 2015; 27402-27411.

[23] Y. Song, S. Zhang, J. Li, C. Zhao, and X. Zhang, Acta Biomater., vol. 6, no. 5, 2010; pp. 1736-1742.

[24] J. Hu, C. Wang, W. C. Ren, S. Zhang, and F. Liu, Mater. Chem. Phys., vol. 119, no. 1, 2010; pp. 294-298.

[25] C. T. Kwok, P. K. Wong, F. T. Cheng, and H. C. Man, Appl. Surf. Sci., vol. 255, no. 13, 2009; pp. 6736—
6744.

[26] M. Moravej and D. Mantovani, Int. J. Mol. Sci., vol. 12, no. 7, 2011; pp. 4250— 4270.

[27] W. C. Head, D. J. Bauk, and R. H. Emerson Jr, Clin. Orthop., vol. 311,2010 ; pp. 85-90.

[28] M. P. Staiger, A. M. Pietak, J. Huadmai, and G. Dias, Biomaterials, vol. 27, no. 9, 2006; pp. 1728-1734.

[29] P. Erne, M. Schier, and T. J. Resink, Cardiovasc. Intervent. Radiol., vol. 29, no. 1,2006; pp. 11-16.

[30] M. Geetha, A. K. Singh, R. Asokamani, and A. K. Gogia, Prog. Mater. Sci., vol. 54, no. 3,2009; pp. 397—-
425,

[31] C. Y. Zhang, R. C. Zeng, C. L. Liu, and J. G. Gao, Surf. Coat. Technol., vol. 204, no. 21-22, 2010; pp.
3636-3640.

[32] J. Hu, C. Wang, W. C. Ren, S. Zhang, and F. Liu Mater. Chem. Phys., vol. 119, no. 1, 2010; pp. 294-298.

[33] E. C. Meng, S. K. Guan, H. X. Wang, L. G. Wang, S. J. Zhu, J. H. Hu, C. X. Ren, J. H. Gao, and Y. S. Feng,
”Appl. Surf. Sci., vol. 257, no. 11,2011; pp. 4811-4816.

[34] L. Cleries, J. M. Fernandez-Pradas, G. Sardin, and J. L. Morenza, Biomaterials, vol.19, 2008; no. 16, pp.
1483-1487.

[35] T. Kokubo, H. Takadama, Biomaterials, 27, 15, 2006; 2907-2915.

September - October 2016 RJPBCS 7(5) Page No. 2426



(36]
(37]
(38]
(39]
[40]
[41]

(42]
(43]
(44]
[45]
[46]
[47]
(48]

(49]

(50]
(51]

(52]
(53]
(54]

(55]
(56]
(57]

(58]
(59]
(60]
(61]
(62]
(63]
(64]
(65]
(66]
(67]

(68]
(69]
[70]
[71]
[72]
(73]

[74]
[75]
[76]
[77]
(78]

ISSN: 0975-8585

A.Pazo, P. Aza, Chem. Mater, 9, 4, 1997; 912-915.

F. Ren, E. Case, A. Morrison, M. Tafesse, M. Baumann, Philos. Mag, 89, 14, 2009; 1163-1182.

R. Yuuki, Mechanics of Interface (in Japanese), Baihuukan. 1993.

P.H.R.B. Heimann, H.V. Tran, Mater. Werkst, 34, 12, 2003; 1163—-1169.

Y.Hikichi, J. Soc. Mater. Sci., Jpn, 41, 6, 1992; 939-944.

S. Yugeswaran, C. Yoganand, A. Kobayashi, K. Paraskevopoulos, B. Subramanian, J. Mech. Behav.
Biomed. Mater, 9,2012; 22-33.

H. Gledhill, I. Turner, C. Doyle, Biomaterials, 22,11, 2001; 1233-1240.

M. Morks, J. Mech. Behav. Biomed. Mater, 1, 1, 2008; 105-111.

S. Kweh, K. Khor, P. Cheang, Biomaterials, 21, 12, 2000; 1223-1234.

Yang, E. Chang, Biomaterials, 22, 13, 2001; 1827-1836.

J. Werner, B. Linner-Krmar, W. Friess, P. Greil, Biomaterials, 23, 21, 2002; 4285-4294.
R.Murugan,S.Ramakrishna, Compos.Sci.Technol, 65, 2005; 2385-2406.
I.Bogdanoviciene,A.Beganskiene,K.Tonsuaadu,J.Glaser,H.).Meyer,A.Kareiva, Mater.Res.Bull, 41, 2006;
1754-1762.

T.P.Hoepfner,E.D.Case,Bioceramics, MaterialsandApplicationslll, CeramicTransactions, 110, 2000;
pp.53-54.

M. Guglielmi,Sol—gel coatingsonmetals, J.Sol-Gel Sci.Technol, 8 (1-3), 1997;PP 443-449.

K. lzumi,M.Murakami,T.Deguchi,A.Morita,N.Tohge,T.Minami, ,J.Am. Ceram. Soc, .72 89, 1989; PP
1465-1468.

K.A. Gross,V.Gross,C.C.Berndt, J.Am.Ceram.Soc, 81,1, 1998; PP 106-121.

R. Narayanan, S.K. Seshadri, T.Y. Kwon, K.H. Kim, J. Biomed. Mater. Res, B 85B, 2008 ; PP 279-299.

N. Eliaz, O. Ritman-Hertz, D. Aronov, E. Weinberg, Y. Shenhar, G. Rosenman, et al., J.Mater. Sci. Mater.
Med, 22, 2011; PP 1741-1752.

S.K.Seshadri et al Acta Biomater, 5, 2009; PP 3178-3191.

X.Z. Zhao, H.J. Li, M.D. Chen, K.Z. Li, B.Wang, Z.W. Xu, et al., Appl. Surf. Sci, 258, 2012; PP 5117-5125.
E. Gyorgy, P. Toricelli, G. Socol, M. lliescu, I. Mayer, I.N. Mihailescu, A. Bigi, J.Werckman, J. Biomed.
Mater. Res A, 71, 2004; PP 353-358.

J.W. Park, Y.J. Kim, J.H. Jang, Appl. Surf. Sci, 258, 2011; PP 977-985.

P. Mayrhofer, F. Kunc, J. Musil, C.Mitterer, Thin Solid Films, 415, 2002; PP 151-159.

M. Diesselberg, H. Stock, P. Mayr, Surf. Coat. Technol, 177, 2004; PP 399-403.

E. Zalnezhad, A.A.D.M. Sarhan, M. Hamdi, Int. J. Precis. Eng. Manuf, 13, 2012; PP 1453-1459.

N. Roveri, M. Lafisco, Nanotechnology, Science and applications, 2010; PP 107-125.

D. Tadic, M. Epple, Biomaterials, 25, 2004; PP 987-994.

H. Hendra, R. Dadan, R.P.D. Joy, Intech, 2011; PP 411-430.

M. Sivakumar, S. Rajeswari, Journal of Materials Science Letters, 11, 1992; PP 1039-1042.

T. Tu” ken, Surface and Coatings Technology, 200, 2006; PP 4713-4719.

M.A. Costa, M.H. Fernandes, Journal of Materials Science: Materials in Medicine ,11, 2000; PP 141—
153.

K.T. Oh, Y.S. Park, Surface and Coatings Technology , 110, 1998; PP 4-12.

Montenero, Journal of Materials Science, 35, 2000; PP 2791-2797.

B. Feng, J.Y. Chen, X.D. Zhang, Key Engineering Materials , 192—-195, 2001; PP 167-170.

W. Gao, Z. Liu, Z. Li, Advanced Materials , 13, 2001; PP 1001-1004.

J. Pan, Journal of Biomedical Materials Research, 35, 1997;PP 309-318.

Z. Zhang, et al. Zhongguo Youse Jinshu Xuebao/Chinese Journal of Nonferrous Metals, 11, 2001; PP
284-287.

J.R. Macdonald, Annals of Biomedical Engineering, 20, 1992; PP 289-305.

G. Rondelli, et al. Biomaterials, 26, 2005; PP 739-744.

D.L. Qiu, A.P. Wang, Y.S. Yin, Applied Surface Science, 257, 2010; PP 1774-1778.

X. Gu, et al. Biomaterials, 30, 2009; PP 484—498.

A.M. Fekry, R.M. El-Sherif, Electrochimica Acta, 54, 2009;PP 7280-7285.

September - October 2016 RJPBCS 7(5) Page No. 2427



