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Abstract
In this research the bond of strontium hydroxyapatite that electrochemical

deposited on TiO2 nanotube with biomimetically hydroxyapatite formed was in vitro
investigated .The TiO2 nanotube synthesised by anodizing titanium metal and Ti-6Al-
4V alloy using special electrochemical cell prepared for this perpous, the solution that
used consisted from 70% vol. glycerene ,30% vol. water and 1.5 % wt.
NH4F.Different concentrations of strontium hydroxyapatite (0,50,100)% were
electrochemical deposited by using solution consist of Ca(NO3)2.H2O , (NH4)2HPO4

,Na(NO3)2 and Sr(NO3)2 as required , then the samlpes was calcined at 500 ºC. Then
the samples coated biomimaticaly by immersing in concentrated simulated body fluid
(SBF×5) for 30 days in order to investigate the formation of naturally hydroxiapatite
on them. The samples were calcined at 500 °C in tubular furnace under air
atmosphere .The optical microscope ,XRD and SEM tests were achieved for each
step ,and FTIR test for electrochemical coated samlples and biomimeticaly coated
samples were made .The final result shows that the TiO2 nanotube is successfully
synthesized .The samples that coated with strontium hydroxyapatite (Sr 100%
without calcium) achived a good formation of naturally hydroxyatite similar to bone

composition than the others samples(that contain 50% Sr or 0% Sr)

Keywords: Electrochemical deposion ,strontium hydroxyapatite ,Biomimetic
coating.

TiO2) على طبقة Sr-HAھایدروكسیأبتایت(-الترسیب الكھروكیمیائي للسترونتیوم 

لزیادة Ti-6Al-4Vنانوتیوب المصنعة بطریقة الأنودة لمعدن  التیتانیوم  وسـبیـكة  
مالترابـط مع العـظا

الخلاصة 
في ھذا البحث تمت دراسة الترابط بین السترونتیوم ھایدروكسي أبتایت المرسب كھروكیمیائیاً على 

TiO2)أوكسید التیتانیوم نانوتیوب  nanotubes) أوكسید التیتانیوم نانوتیوب تم تخلیقھ عن طریق .
لھذا الغرض، باستخدام خلیة كھروكیمیائیة خاصة أعدت Ti-6Al-4Vأنودة معدن التیتانیوم وسبیكة 
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%1.5نسبة حجمیة من الماء و %30نسبة حجمیة من الكلسرین ،%70المحلول المستخدم مؤلف من 
0،50،100نسبة وزنیة من فلورید الأمونیوم . تراكیز مختلفة من السترونتیوم ھایدروكسي أبتایت (

ء ، ثنائي أمونیوم %) تم ترسیبھا كھروكیمیائیاً من محلول مؤلف من نترات الكالسیوم أحادي الما
ھایدروجین فوسفات ، نترات الصودیوم ونترات السترونتیوم حسب ما یتطلب من التراكیز، بعدھا تم 

م . تم بعدھا طلاء النماذج بالتخلیق الذاتي الإحیائي بالتغطیس بمحلول °500كلسنة النماذج بدرجة 
من الھایدروكسي أبتایت المتكون یوماً لغرض التحقق 30) لمدة SBF×5مركز مشبھ بمحالیل الجسم (

م في فرن أنبوبي بجو من الھواء . تم إجراء °500طبیعیاً علیھا. النماذج تم كلسنتھا بدرجة حرارة 
لكل خطوة للنماذج المرسب علیھا الھایدروكسي أبتایت FTIRو XRD ،SEMإختبارات 

كھروكیمیائیاً وكذلك بالتخلیق الذاتي الإحیائي . النتائج النھائیة اظھرت التخلیق الناجح لطبقة التیتانیوم 
سترونتیوم وبدون كالسیوم) %100نانوتیوب . النماذج المرسب علیھا سترونتیوم ھایدروكسي أبتایت (

د للھایدروكسي أبتایت المتكون طبیعیاً مشابھ لتكوین العظم خلافاً لبقیة النماذج أحدثت تكوین جی
سترونتیوم ) . %50و %0(الحاویة على 

INTRODUCTION
any researches aim to achieve to an increase in the ostiointigration of
titanium and titanium alloys implants with bones (i.e. increasing bonding
with bone). The researchers were applied many ways to this purpose, such

as creating titanium oxide nanotube array on the surface of implants [1, 2 and 3]. This
modification technique was done by various electrolytes and producing thick oxide
layer with relative high rough surface.

All electrolytes used must contain fluoride ion in order to achieve a drilling action
on the metal surface, by using applied voltage in the range of 10-40 volt and can
result in a self-ordered nano-tubular structures which possess tubes with diameters
between 15-200 nm [4] . There are many factors affecting the morphology of TiO2

nanotube array beside the voltage , such as electrolyte pH ,temperature, fluoride ion
concentration and the time of anodizing [5, 6 and 7]

The other way to increase ostiointigration is by coating the implants with
hydroxyapatite [8] ,that because the main composition of the bone was consisted from
hydroxyapatite. Hydroxyapatite (HA) is one of the main ceramics employed in
clinical applications for bone and dental regeneration. It offers excellent
biocompatibility and ability to bond with bone tissues. One of its main structural
characteristics is its ability to accept a great variety of isomorphic substitutions while
retaining the hexagonal space group P63/m. Divalent cations , such as Zn, Fe, Cu,
Mg, Ni, Cr, Mn, Co, Sr, Pb and Cd, and anions such as F−, Cl−, CO3

-2 and VO4
-3 may

substitute for Ca+2 , OH− and (PO4)
-3 respectively in the HA structure. These

substitutions modify its thermal stability and biological performance. From all the
cation strontium has grate interest because it shares the same physiological pathway
as calcium and can be deposited into the mineral structure of the bone. As a trace
element in bone, strontium has been reported to exert a beneficial effect on
osteoblastic activity. Various in vitro and in vivo studies reported the beneficial
effects of strontium ions (Sr+2) as a potential bioactive element to enhance bone
healing. Strontium has a positive effect on osteoblast-related gene expression such as
osteonectin, and the alkaline phosphates (ALP) activity of mesenchymal stem cells
(MSCs). Also it can inhibit the differentiation of osteoclasts [9, 10 and 11]. Thus it
enhances matrix deposition, inhibits bone absorbing activity of osteoclasts, and,
ultimately, encourages rapid new bone formation. Consequently, strontium is thought
to be effective in enhancing the bioactivity and biocompatibility of some biomaterials
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.In this research we improve the bonding with bone by synthesis a TiO2 nanotube
array by anodizing titanium metal and Ti-6Al4V alloy using a solution of 70% vol.
glycerin 30% vol. water and 1.5%wt. NH4F with applied voltage 20 volt in special
electrochemical cell prepared for this process,then we coated the nanotube layer with
strontium hydroxyapatite contanig strontium of (0,50,100 %) by electrodeposition
from aqueous solution contains Ca(NO3)2.H2O 8gm/l ,Sr(NO3)2 7gm/l or as required
,(NH4)2HPO4 3.5 gm/l and Na(NO3)2 8gm/l,then we investigate the naturally
biomimetic formation of hydroxyapatie by immersing in concentrated simulated
body fluid (SBF×5) for one month ,and investigate the morphology of the coated
layer and naturally formed layer by XRD test, optical microscope ,SEM and FTIR .

Materials and Methods:
TiO2 nanotube preparing:

The samples of titanium metal and Ti-6Al-4V alloy disc with 20 mm diameter
and 3 mm thickness were grinded ,then the samples were rinsed with distilled water
,etched by HNO3:HF:H2O solution (3:1:6 % vol. respectively) for 5 minutes to
remove oxide layer, rinsed with dist. water , cleaned with acetone ultrasonically for
(20 min.) twice , and cleaned ultrasonically with dist. water for (20 min.) one time
.The solution of anodizing and TiO2 nanotube synthesis were prepared by mix 3 gm
of NH4F to 60 ml of dist. water and 140 ml of glycerin ,mixed for 20 min. The
sample was fixed inside electrochemical cell prepared specially for anodizing as
shown in fig (1) and used as anode , platinum disc (30 mm diameter) was used as
cathode , the potential wre applied at 20 volt for 1 hr, the coated samples was heat
treated in tubular furnace at 500 ºC for 1hr. ,then the samples was cleaned by dist.
water in ultrasonic bath for 20 min. one time .Then the morphology of TiO2

nanotubes was investigated by XRD,SEM .

Electrodeposition of Apatite:
Three solutions of electrodeposition of calcium hydroxyapatite , strontium –

calcium hydroxyapatite 50 % and strontium hydroxyapatite was prepared by mixing :
a- 7.53 gm/l of Ca(NO3)2.H2O , 3.560 gm/l of (NH4)2HPO4 and 8.5 gm/l Na(NO3)2 in
dist water as calcium hydroxyapatite soultion b- 3.72gm/l of Ca(NO3)2.H2O , 3.72
gm/l of Sr(NO3)2, 3.560 gm/l of (NH4)2HPO4 and 8.5 gm/l Na(NO3)2 in dist water as
streontium-calcium hydroxyapatite 50-50 % solution. c- 7.53 gm/l of Sr(NO3)2 ,
3.560 gm/l of (NH4)2HPO4 and 8.5 gm/l Na(NO3)2 in dist water as strontium
hydroxyapatite solution.The pH adjusted at 5.5 by using NH4OH or diluted HNO3 as
required, then the sample was fixed in the same electrochemical cell that mentioned
before and was used as a cathode , Titanium disc with 20 mm diameter and 4 mm
thickness was used as an anode in all experiments .The distance between the two
electrode was 4 cm. The potential was applied at 12 volt for 1 hour with gently
stirring .The coated samples were thermally treated in tubular furnace at 500 °C for
1hr. The morphology of TiO2 nanotubes was investigated by XRD, SEM, FTIR and
optical microscope images.

Biomimetic Treating:
Titanium and Ti-6Al-4V samples were immersed in simulated body fluid

concentrated five times (SBF×5) for one month to investigate the bond with
hydroxyapatite naturally formed from SBF solution ,table (1) shows the SBF
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chemical composition. After immersing, the morphology of the samples was
investigated by XRD, SEM, FTIR and optical microscope images.

Table (1) The composition of simulated body fluid (SBF) and concentrated
simulated body fluid (SBF×5) (A. HELEBRANT, L. JONASOVA, L. SANDA,

2002, Ceramics vol. 46 (1), P:( 9-14).

(A) (B)
Figure (1) (a) The electrochemical cell that designed and used for TiO2 nanotube

synthesis (b) the electrochemical cell under operation.

Results and discussion
TiO2 nanotube formation:

After anodizing titanium and Ti-6Al-4V alloy we obtained a successful nanotube
array, and figs (2 and 3) show the SEM images for nanotube obtained on metal and
alloy respectively , we see obviously the TiO2 nanotube that has approximately 100
nm diameter ,and fig (4) shows the XRD patterns for both metal and alloy, we see
the titanium oxide peak compared with (PDF 21-1272) at 2Θ= 25.281,44.049 and 
62.288, and there is no big deference between TiO2 nanotube obtained on Ti or Ti-
6Al-4V alloy

ITEM
SBF
gm/l

SBF×5
gm/l

NaCl 8.035 40.175

NaHCO3 0.355 1.775

KCl 0.225 1.125

K2HPO4.3H2O 0.231 1.155

MgCl2 0.311 1.555

CaCl2 0.292 1.46

Na(SO4)2 0.072 0.36
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Figure (2) nanotube formed on Ti Metal. Figure (3) nanotube formed on Ti-6Al-
4V alloy.

Figure (4) XRD for titanium metal and Ti-6Al -4V alloy after anodizing.

Electrodeposition of Apatite:
After electrodeposition of three types of apatite ,we observe that strontium

hydroxyapatite has a thicker layer from strontium – calcium hydroxyapatite and
calcium hydroxyapatite , fig (5) shows the camera images for the samples of metal
and alloy after coating by electrodeposition.

(a) HA (b) HA (c) Sr-CaHA 50%
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(d) Sr-CaHA 50% (e)SrHA (f) SrHA
Figure(5) The samples after coating : (a,c,e) coated on titanium metal and (b,d,f)

coated on Ti-6Al-4V alloy.

From fig (6) which represent the optical images of titanium coated samples, we see
the difference in thickness clearly between strontium hydroxyapatite and other two
types of apatite.

(a) CaHA (b) Sr-CaHA 50%

(c) SrHA
Figure (6) optical microscope images for Ti metal coated with apatite after

anodizing .



Eng. &Tech.Journal, Vol. 33,Part (B), No.6, 2015 The electodeposition of Strontium- Hydroxyapatite
(Sr-HA) on TiO2 nanotubes layer fabricated by
anodizing of Ti metal and Ti-6Al-4V Alloy to increase

the bonding with bones

1009

And from fig(7) which represents the optical images for Ti-6Al-4V coated
samples ,we see the difference in thickness clearly between strontium hydroxyapatite

and other two types of apatite also.

(a) Ca HA (b) Sr-CaHA 50%

(c) SrHA
Figure (7) optical microscope images for Ti-6Al-4V coated with apatite after

anodizing.

(a) Ti coated with CaHA (b) Ti-6Al-4V coated with CaHA
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(c) Ti coated with SrHA (d) Ti-6Al-4V coated with SrHA

Figure (8) SEM for titanium and Ti-6Al-4V coated with CaHA and SrHA.

To understand the difference in morphology between calcium hydroxyapatite and
strontium apatite : fig (8) shows the SEM images for metal and alloy that coated with
the two type of apatite

Fig (9,10) shows the XRD patterns for titanium and Ti-6Al-4V coated with different
type of apatite ,we see the shift in the peek at (h,l,k) (211) from 2θ=31.8º to 
30.6º,comparing with ICDD (PDF 09-0432) for calcium hydroxyapatite and ICDD
(PDF 33-1348) for strontium hydroxyapatite, that shifting in the peek occurred
because strontium ion substitute the calcium ions in the hydroxyapatite crystal and
convert from calcium hydroxyapatite to strontium hydroxyapatite by increasing the
strontium concenntration in the electrolyte that used in the electrochemical deposition
process.

Figure(9) XRD test for titanium coated with different apatite .
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Figure (10) XRD test for Ti-6Al-4V coated with different apatite.

This conversion from calcium hydroxyapatite to strontium hydroxyapatite
increases the lattice parameters of apatite ,so the lattice volume increases , that
because the difference in ion volume for each calcium and strontium (Ca+2 ionic
radius = 0.100 nm ; Sr+2 ionic radius = 0.118 nm) , table (2) shows the change in
lattice parameters for apatite deposited on titanium metal, the parameters calculated
from Bragg s low and from hexagonal shape lattice parameters relation as shown in
eq.(1) and eq.(2) [12] respectively:

nλ= 2d sin θ                                                                                                            ...(1)

2

2

2

22

2
)(

3

41

c

l

a

khkh

d



 ... (2)

Where λ = 1.5402 Å 
θ = diffraction angle 
h,k,l = miller indices
a ,c = hexagonal shape distances
d = distance between parallel indices
Lattice volume for hexagonal shape = 0.866 ×a2×c



Eng. &Tech.Journal, Vol. 33,Part (B), No.6, 2015 The electodeposition of Strontium- Hydroxyapatite
(Sr-HA) on TiO2 nanotubes layer fabricated by
anodizing of Ti metal and Ti-6Al-4V Alloy to increase

the bonding with bones

1012

Table (2) Lattice parameter for Apatite deposited on Titanium.

The particle size of deposited apatite on titanium which calculated from shirrer
equation display that for CaHA = 51.88 nm , CaSrHA=125.87 nm and for SrHA=
332.7 nm ,we see abviously that the particle size also increase when the strontium
ion substitute the calcium ion.

For Ti-6Al-4V also the lattice parameters increase with the incresing of
strontium ion substitution as shown in table (3) .

Table (3) Lattice parameter for Apatite deposited on Ti-6Al-4 alloy.

The particle size of deposited apatite on Ti-6Al-4V which calculated as before
display that for CaHA = 45.7 nm , and for CaSrHA=166.5 nm and for SrHA= 541.59
nm ,we see obviously that the particle size also increases when the strontium ions
substitute the calcium ions in hydroxyapatite crystal as we see in titanium before.

Lattice
volume (Å)

c
Å

a
Å

Lattice
parameters

502.06.9069.161CaHA

542.297.0129.450
Sr-CaHA
50-50 %

612.47.1689.938SrHA

528.86.8849.418
CaHA

Standard

600.97.2769.766
SrHA

Standard

Lattice
volume (Å)

c
Å

a
Å

Lattice
parameters

506.396.8959.207CaHA

537.286.999.421
Sr-CaHA
50-50 %

615.057.1529.965SrHA

528.86.8849.418
CaHA

Standard

600.97.2769.766
SrHA

Standard
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Biomimetic coating:
After immersing in (SBF×5) for one month ,we see a clear layer of CaHA coated

the samples of titanium and Ti-6Al-4V that coted with different type of apatite
briviousely as shown in fig (11) of camera images for all samples and from fig (12)
which shows the optical microscope images for all samples , and we see obviously
the thick layer of hydroxyapatite that formed on the samples and specially that coated
with SrHA before , this indicates clearly that SrHA will motivate the bone to build on
SrHA quickly and strongly bond.

(a) HA (b) SrHA (c) HA (d) SrHA

Figure (11) camera images for biomimetic coated samples (a,b)titanium
samples coated with HA,SrHA before biomimetic, (c,d) Ti-6Al-4V samples

coated with HA,SrHA before biomimetic.

( a) (b)

(c) (d)

Figure (12) optical microscope images for biomimetic coated samples
(a,b)titanium samples coated with HA,SrHA before biomimetic, (c,d) Ti-6Al-4V

samples coated with HA,SrHA before biomimetic.

From fig (13) which shows the SEM for Ti-6Al-4V which immersed in SBF
solution that there is a difference in the morphology between hydroxyaptite that
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formed on the sample that briviousely coated with CaHA by elecrodepositon than
that briviousely coated with SrHA by electrodeposition ,and both were different from

that obtined before biomimetic coating in fig (7) .

(a) (b)
Figure(13) SEM for Ti-6Al-4V after immersing in (SBF×5) for 30 days (a)
primarily coated by electrodeposition with CaHA (b) primarily coated by

electrodeposition with SrHA .

From figs (14 and 15) that shown XRD for titanium and Ti-6Al-4V that biomimetic
coated with CaHA after electrodepositon coating with different hydroxyapatite
(CaHA,Sr-CaHA 50% and SrHA) , we obviously seen that the hydroxyapatite formed
clearly on the samples that coated with SrHA more than that coated with CaHA ,and
we observe carfully that there is two peaks at (h,k,l ) =211 , first one is due to
strontium hydroxyapatite that coated by electrodeposition and the other for CaHA
that formed by biomimetic formation in (SBF×5) for titanium and Ti-6Al-4V samples

Figure (14) XRD pattern for titanium coated by biomimetic after coated by
electrodeposition with different concentration of strontium hydroxyapyapatite.
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Figure (15) XRD pattern for Ti-6A-4V coated by biomimetic after coated by
electrodeposition with different concentration of strontium hydroxyapatite.

From tables (4 and 5) we see the differnce in lattice parameters for naturally
hydroxyapatite formed on the samples of titanium and Ti-6Al-4V that coated with
strontium hydroxyapatite briviousely.

Table (4) Lattice parameters of biomimetic coated hydroxyapatite on titanium
coated with SrHA.

Lattice
volume (Å)

c
Å

a
Å

Lattice
parameters

527.556.8789.411CaHA

544.716.8759.565
Sr-CaHA 50-

50 %

605.947.3899.731SrHA

528.86.8849.418
CaHA

Standard

600.97.2769.766
SrHA

Standard
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Table (5) Lattice parameters of biomimetic coated hydroxyapatite on Ti-6Al-4V
coated with SrHA.

We see that the lattice parameters of naturally formed hydroxyapatite also affected
by the presence of strontium in the previous coated layer on the surface of titanium
and Ti-6Al-4V , that’s mean there are different in crystal shape of biomimetic
hydroxyapatite formed naturally depending on the primary layer coating if it.
Calcium hydroxyapatite or strontium hydroxyapatite ,and that maches to the result
obtained befor from SEM in fig (13). From figs (16 and 17) which represent the
FTIR for biomimetic coating layer of the samples we see the change in wave number
of OH that exist in the lattice of hydroxyapatite when the samples coated wih SrHA
and when the hydroxyapatite formed from simulated body fluid ,this change is due to
substitution of strontium instead of calcium in the hydroxyapatite that coated by
electrodeposion ,while when the hydroxyapatite was formed biomimatically we see
that OH band wave number return to closely the origin position with little shift effect
,and also we see that the CO3 band was appeared because that SBF solution contained
a large amount of sodium carbonate that substitute the PO4

-3 in hydroxyapatite
formula to form carbonated hydroxyapatite which is the similar form of bone
composition , so that PO4 peaks disappear and CO3 peak was appeared in the FTIR
pattern of biomimatically coated samples .

Figure (16) FTIR pattern for titanium samples (A) coated by electrodiposition
with SrHA (B) biomimaticaly coated with HA after coated with SrHA.

Lattice
volume (Å)

c
Å

a
Å

Lattice parameters

526.76.8989.424CaHA

549.556.9369.565Sr-CaHA 50-50 %

582.637.3979.601SrHA

528.86.8849.418CaHA Standard

600.97.2769.766SrHA Standard
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Figure (17) FTIR pattern for titanium samples (A) coated by electrodiposition
with SrHA (B) biomimaticaly coated with HA after coated with SrHA.

Conclusions
From previous results we conclude that when the implants of titanium and

Ti-6Al-4V coated with strontium hydroxyapatite after synthesis the TiO2 nanotube
give a good formation of hydroxyapatite in an environment similar to that in human
body (SBF solution), and the formed hydroxyapatite was similar to bone composition
, that means the coating will make a good bond with bone.
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