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Introduction                                                                 

Titanium alloys are commonly used as 
biomedical dental and orthopedic implant. This 
is attributed to their great biocompatibility 
and their desirable physical properties 
such as its light weight [1,2]. Ti alloys 
possess great corrosion resistance due to the 
formation of  inert TiO2 layer on its surface 
in biological fluids. Ti alloys are commonly 
used in biomedical applications because of 
their exceptional mechanical properties and 
biocompatiblity. Unfortunately, Ti-6Al-4V 
alloy liberate Vanadium and Aluminum ions 
into the electrolyte because of corrosion and 
fretting corrosion which cause metal ions build 
up and wear debris close to the tissues resulting 
in inflammatory reactions and lead to the re-
surgery of patient when using it as an implant 
in the human body [3.4]. Surface dealing by a 
biocompatible nano-composite coating were 
accomplished to significantly enhance the 
wear and corrosion resistance of the alloy by 
using numerous coating techniques such as sol 
gel method. This nano-composite coating has 
effects on the reactivity of the alloy surface, the 
biochemical reactions in the human body and 
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the alloy surface properties [5].

Chitosan is a very beneficial material in 
biomedical fields like medicine and protein 
transporting because of its great biocompatibility, 
high adsorptivity and its safe use [6]. Chitosan has 
been used as antibacterial and antifungal active 
agent. The mechanism of its antibacterial action 
is that chitosan binds to the negatively charged 
bacterial surface making distraction and shifting 
the permeability of the cell membrane which 
causes cell dying. Chitosan shows antibacterial 
activity toward positive to Gram and negative 
to Gram bacteria. In positive to gram bacteria, 
the bacterial cell wall is entirely build up from 
peptide polyglycogen network which contains 
many pores that allow foreign molecules to pass 
through easily. However, in negative to Gram 
bacteria the cell wall composed of thin membrane 
of peptide polyglycogen and an outer membrane 
that composed of  lipopolysacchride, lipoprotein 
and phospholipids. Fortunately, chitosan has a 
polymeric muco-adhesion property that can open 
tight joint and allow paracellular movement of 
molecules across mucosal delivery of vaccines.
Chitosan nanoparticle has greater antibacterial 
activity than chitosan itself because the 
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polycationic chitosan nanoparticles with higher 
surface charge density interact with the bacterial 
cell for a quantum size effect. The great surface 
area of the chitosan nanoparticles permit 
sstrongly adsorption of chitosan nanoparticles 
on the bacterial cells and interaction with 
bacterial cell lead to bacterial cell death[7]. The 
chitosan nanoparticle was synthesized by ionic 
gelation method via reaction of acidic solution 
of chitosan with tripolyphosphate solution [8-

11]. Silver ions and silver based compounds 
have a great toxicity toward many types of 
bacteria. Silver nanoparticles (SNP) is  a noble 
metal, little toxic, with a great antimicrobial 
activity due to its vast  increase in surface area 
that is available for bacteria exposure. So it is 
utilized widely in medical field. The mechanism 
of its antibacterial activity is assumed that 
silver nanoparticles cause cell lysis or cell 
transduction inhibition [12,13].

Scheme 1. Nano-chitosan as reaction product of chitosan and Sodium Tripolyphosphate [8].

+
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The purpose of this study is to progress the 
electrochemical corrosion characteristics and 
antibacterial sensitivity of Ti alloy in synthetic 
saliva solution with immersion time at 37oC for 
dental requests by using a novel biocompatible 
nano-composite coating. Our study will 
focus on the effect of chitosan nanoparticles 
(CNP) film and chitosan nanoparticles /silver 
nanoparticles (CNP/SNP) coatings on bare Ti 
alloy that soaked in synthetic saliva solution 
at 37oC to inspect the corrosion inhibition and 
the antibacterial features of each coating. The 
techniques used are electrochemical impedance 
spectroscopy (EIS) and Tafel investigations. 
The newly synthesized nano-coatings were 
described by both SEM and EDX techniques. 

Experimental                                                                      

Electrode and cell composition 
Ti-6Al-4V alloy made by Johnson and 

Matthey (England) with elements (wt%) is 5.7 Al, 
3.85 V, 0.18 Fe, 0.038 C, 0.106 O and 0.035 N and 
balance titanium. The alloy is of 0.196 cm2 area 
and connected to a copper wire then fixed into a 
cylindrical glass tube by Araldite epoxy resin to 
set the working electrode. Polishing of the alloy 
surface was performed using abrasive paper of 
grades 320 to 2000 respectively with fixing the 
number of abrasion runs, rinsing it in acetone then 
ethanol and finally dried in air. The corrosion cell 
was filled with standard artificial saliva solution 
and has three-electrodes: working electrode (WE) 
made of Ti-6Al-4V alloy, counter electrode (CE) 
made of platinum sheet and a reference electrode 
(RE) (saturated calomel electrode (SCE)) 

Chemicals and reagents 
Synthetic saliva solution with a composition: 

(0.72 potassium chloride, 0.22 Calcium chloride 
dihydrate, 0.6 Sodium Chloride, 0.68 potassium 
phosphate monobasic, 0.866 Sodium phosphate 
dibasic dodecahydrate,1.5 Potasium bicarbonate, 
0.06 Potassium Thiocyanate, 0.03 Citric acid) 
gm/L with pH = 6.5 [14]. Chitosan from crab 
shells (85% deacetylated), acetic acid (≥99.0%), 
Sodium tri-poly phosphate (STPP), Silver nitrate 
analar grade, Polyvinylpyrrolidone with  average 
MW 360000 from Sigma-Aldrich. Ascorbic 
acid was purchased from Sigma-Aldrich. Triple 
distilled water was used in all preparations. 

Instrumental works
The instrument used for electrochemical 

measurements is IM6e Zahner-electrik, GmbH, 
Kronach, Germany supported by Thales software. 

Tafel lines were maintained at a scan rate of 1 
mV/s and the impedance tests were accomplished 
at excitation amplitude of 10 mV in a frequency 
range of 0.1 Hz to 100 Hz. Scanning electron 
microscopy (SEM) and energy dispersive X-ray 
analysis were achieved by SEM Model Quanta 
250 FEG. Each experiment was repetitive for 
2-3 times at 37 °C. All potentials were measured 
virtual to the Standard Calomel Electrode (E = 
0.241 V/SHE).

Coatings preparation
Preparation of Chitosan nanoparticles (CNP)
chemically

1% chitosan solution was prepared by 
liquefying 1 gram chitosan in 97 ml distilled 
water and 2 ml glacial acetic acid keeping stirring 
for 3-4 hours till complete solubility of chitosan 
and the solution become clear yellow solution, 
filter the solution, then dropwise addition of 0.25 
% sodium tripolyphospate (STPP) solution and 
stirring for 8 min, centrifuge for 30 minutes at 
4000 RPM, get rid of the supernatant and rinse 
the gel formed (CNP) with distilled water [8-11].

Preparation of Silver nanoparticles (SNP)
chemically

16.6 ml of 5% Polyvinylpyrrolidone solution 
(Average MW360000) added to 25 ml of 40 mM 
silver nitrate solution then make stirring for 8 
minutes, afterwards add 16.6 ml of 0.1% ascorbic 
acid solution and continue stirring till grey green 
solution appears then centrifuge for 15-20 minutes 
at 4000 RPM, get rid of the supernatant and rinse 
the precipitate (SNP) with distilled water. The 
first coating (CNP coat) and/or the second coating 
(CNP+SNP coat) is used to cover the electrode 
surface by using micropipette and left hanged to 
dry for 2 hours before using [15].

Antibacterial sensitivity
The antibacterial sensitivity of the two new 

coatings (CNP and SNP/CNP coating) were tested 
against EscherichiaColi (E-Coli which is negative 
to gram) and Staphylococcus aureus (S. aureus 
which is positive to gram) bacteria. By means of a 
reformed Kirby-Bauer disc diffusion scheme [16], 
where 100 µl of the test bacteria were developed 
in 10 ml of new prepared media and spread in a 
clean petri dish with incubation at 35-37oC for 
24-48 hours till they grew to a sum total of about 
108 cells/ml for bacteria. The positive controls for 
antimicrobial sensitivity are Ampicillin Standard 
discs (Antibacterial agent), where the negative 
control is filter discs saturated with 10 µl of solvent 



750

Egypt.J.Chem. 61, No.5 (2018)

AMANY M.FEKRY, MOHAMED S. HUSSEIN

(purified water). The organisms will not develop 
in the field round the disc if it is subtle to the 
substance. This non grown area called “inhibition 
zone”, this zone diameters were dignified using 
slipping calipers in millimeters [17-21].

Results and Discussion                                           

Scanning Electron Microscope (SEM) analysis 
Figure 1a&b show the surface morphologies 

of coating C1 (CNP) and coating C2 (CNP+SNP) 
that cover the bare Ti alloy (Fig.1c) [2] using SEM 
analysis. From the figure chitosan nano-particles 

are formed with particle sized nearly about 100 nm 
(Fig.1a), while Fig.1b shows the CNP with particle 
size of less than 100 nm doped with SNP coating 
and notifying the particle size of SNP less than 100 
nm that gives more compact thick flowery shape 
film with larger surface area. The particles are well 
dispersed as well compared to the bare Ti alloy. The 
enlarged proportions are due to the connection of 
silver with chitosan nanoparticles creating a chelate 
identical assembly with an average size higher than 
that for chitosan nanoparticles only [11].

Fig.1a,b. 

Fig. 1c
Fig.1. SEM images of CNP coating (1a) and (CNP+SNP) coating (1b) compared to the bare Ti alloy (1c) [2].

Energy Dispersive X ray Spectroscopy (EDX) 
To recognize the elemental composition of 

(CNP+SNP) coating, the EDX spectrum was 
obtained in Fig.2. It shows that this coating 
encompasses C, N, O, Na and Ag elements. This 

approves the existence of chitosan with silver 
nanoparticle in the coating. Na ions existence 
is due to using Sodium tri-poly phosphate in 
the synthesis of chitosan TPP nanoparticles by 
reaction with chitosan solution.
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Fig.2. EDX Pattern of (CNP+SNP) coating.

Electrochemical Impedance Spectroscopy (EIS) 
Impedance measurements for the bare Ti alloy 

and the coated one soaked in synthetic saliva 
solution incubated at 37°C for 14 days are plotted 
as Bode and Nyquist plots. Fig.3 (a,b and c) 
shows the Bode plots for the bare Ti alloy, coated 
alloy with CNP layer and/or with (CNP+SNP) 
layer after changed immersion times (2,24, 192 
and 336 hours) in artificial saliva incubated at 
37°C solution. The impedance spectra of the bare 
Ti alloy displays a gradual rise in impedance and 
phase peak in the spectra as a function of time, on 
the other hand, the impedance spectra of the two 
coated Ti-6Al-4V with CNP (Fig. 3b) and/or with 
CNP+SNP (Fig. 3c) show the same behavior as 
the bare Ti alloy with a significant proliferation 
in the impedance of the coated alloy and a phase 
angle approaches 90° indicating higher corrosion 
resistance than the bare Ti alloy. 

Fig. 4 (a,b and c) shows the Nyquist plots for 
the bare Ti alloy, coated alloy with CNP layer 
and/or coated alloy with CNP+SNP layer in 
synthetic saliva solution with different immersion 
times incubated at 37°C. The shape of the curve 
in Nyqiust plots of the bare Ti alloy and in the 
coated one suggests that the corrosion process 
is controlled well by charge transfer mechanism 
[22]. The Nyquist plots diameter increases with 
increasing immersion time and the larger diameter 
is for CNP+SNP layer. The best fitting for the 

obtained practical data suggests the same circuit 
model (Fig. 5) for the three studied electrodes 
using Thales software indicating the same 
mechanism. It shows that the circuit consists of 
R1//Q1 parallel combination in series with R2//
Q2 parallel combination in series with Rs, where 
Q1 and R1 is the constant phase element (CPE) 
of the capacitance and the resistance of the outer 
layer respectively, Q2 and R2 is the constant phase 
element of the capacitance and the resistance 
of the internal layer respectively, the corrosion 
resistance of the coat (CNP coat or CNP+SNP 
coat) is mainly due to the internal layer formed 
[22]. The constant phase element because of 
surface roughness effect [23].

The equation that expressing impedance for 
this model is given by:
                                      

R1 and R2 (in Ω): is the outer and the inner 
layer resistance respectively 

Q1 and Q2 (in μF cm-2): is the the outer 
and the inner layer capacitance respectively.

ω= 2πf(in rad.s-1): is the angular frequen-
cy where f is the frequency in s-1.

j=√(-1): is the imaginary factor

α1 and α2 is the non-ideality factor of outer and 
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Fig.3. Bode plots for (a) bare Ti alloy; (b) coated with CNP layer and (c) coated with (CNP+SNP) layer 
in synthetic saliva solution at 37°C for 14 days.
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Fig.4. Nyquist plots for (a) bare Ti alloy; (b) coated with CNP layer and (c) coated with ( CNP+SNP) layer in 
synthetic saliva solution at 37°C for 14 days. 
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inner layer capacitances respectively.
The α factor is inserted to account for the non-

ideality of the capacitor  due to surface roughness, 
adsorption and incomplete homogeneity and it is  
0≥ α ≥1 [22]. Table 1 shows the circuit parameters 
for the three tested alloys, the results indicate 
that the main corrosion protection is due to the 
passive inner layer (R2) and the higher resistance 
value is for the (CNP + SNP) coating reaching to 
12 MΩ cm2 with protection efficiency of 82.5%.

Polarization Technique 
Tafel lines of the bare Ti alloy, CNP coated 

and coated (CNP+SNP) Ti-6Al-4V alloys were 
performed against standard calomel electrode 
after 14 days immersion in synthetic saliva 
solution incubated at 37°C by scanning from 
-1.2 to 0.0 V with a scanning rate 1 mV S-1. 
Figure 6 shows the Tafel lines for the 3 cases 

Fig.5. Equivalent circuit model used for fitting.

(the bare Ti alloy, coated with CNP layer and 
coated with CNP+SNP layer) and from it, the 
Tafel slopes ßaandßccan be calculated then the 
corrosion current density (icorr.) and potential 
(Ecorr) can be determined by extrapolation and 
interception of Tafel lines and the interception 
point indicate the Ecorr and icorr. values [20-22]. 
The results (Table 2) shows that electrochemical 
corrosion potential (Ecorr) of (CNP+SNP) layer 
coated alloy (-446 mV) > CNP layer coated alloy 
(-729 mV) >Bare Ti alloy alloy (-1004 mV) in 
synthetic saliva solution incubated at 37°C for 
14 days (336 hour). This indicates that the most 
positive value of potential is for CNP+SNP 
coating which is attributed to the smallest size 
for the nanoparticles less than 100 nm [8]. Also, 
it gives a lowest corrosion current density of 
41.6 nA cm-2with a high protection efficiency 
of 82.65% indicating lowest corrosion rate [23-
26].

TABLE 1. The fitting data for the three tested Ti alloys without or with coating in artificial saliva solution incubated 
at 37°C for 14 days.

Alloy
Time 

hr

Rs

Ω cm²
α1

R
1

Ω cm²

Q1

μF cm-2
R

2

MΩ cm²

Q2

μF cm-2 α2

unornamented 

2

24 

192

336 

26.7

18.2

19.5

23.7

0.89

0.91

0.93

0.93

25.9

48.7

74.1

89.5

15

9.5

8.6

7.9

0.8

1.6

1.9

2.1

5.0

2.5

2.1

1.9

0.84

0.86

0.86

0.87

CNP coat

2

24 

192

336

19.5

19.4

29.2

31.5

0.91

0.92

0.93

0.93

90.0

187

232

315

9.8

8.3

7.1

5.7

1.7

4.6

5.5

7.4

2.2

2.1

1.9

1.8

0.87

0.92

0.92

0.94

CNP+SNP coat

2

24 

192

336

19.9

21.7

18.4

16.5

0.92

0.90

0.93

0.94

165

274

406

644

9.1

7.2

5.0

3.1

2.8

7.2

10

12

1.8

1.6

1.4

1.4

0.90

0.95

0.94

0.97
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TABLE 2. Corrosion parameters of bare and coated Ti alloys in artificial saliva solution after 336 hours of 
immersion time at 37oC. 

Electrodes Ecorr / icorr / IE

mV nA.cm-2 %

Bare Ti -1004 239.88 -

CNP coat -729 70.15 70.76

CNP + SNP coat -446 41.63 82.65

Antibacterial activity
The antibacterial activity test of the CNP 

(C1) and CNP+SNP (C2) coatings toward E. Coli 
and S. aureus bacteria is shown in Fig 7. Table 
3 shows the resulted inhibition zones of CNP 
layer and CNP+SNP layer, the resulted inhibition 
zones toward E. Coli and S. aureus bacteria for 
CNP+SNP layer is greater than that obtained in 
case of CNP layer and this is attributed to the high 

Fig.6. The potentiodynamic polarization curves for bare Ti alloy, CNP coating and CNP+SNP coating after 
immersion in artificial saliva solution for 14 days, at 37°C.

antibacterial activity of the silver nano particles 
[8]. This ensures that CNP+SNP is the best 
coating against bacteria.

Generally and finally, CNP+SNP coating is a 
nano-coating with compact flowery shape, highest 
impedance value, lowest corrosion current density 
and highest antibacterial activity. 
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Fig.7. The antibacterial activity tests for C1 (CNP coating) and C2 (CNP+SNP coating) toward E. coli and S. 
aureus bacteria.

TABLE 3. The inhibition zone diameter (mm1/cm sample) of CNP layer (C1) and CNP+SNP layer (C2) toward E. 
coli and S. aureus bacteria

Inhibition zone diameter (mm / 1 cm Sample)

Sample Staphylococcus aureus
(G+)

Escherichia coli
(G-)

1212
CNP 
C1

1614
(CNP+SNP)

C2

Conclusion                                                                    

- The electrochemical corrosion resistance of bare 
Ti alloy coated with CNP and/or (CNP+SNP) 
immersed in synthetic saliva solution incubated 
at 37°C increased with immersion time.

- Novel biocompatible coatings: CNP and 
(CNP+SNP) coats enhance the electrochemical 
corrosion resistance of the Ti-6Al-4V alloy in 
synthetic saliva solution incubated at 37°C. 

-The electrochemical corrosion resistance of 
the 3 studied cases are arranged as follow: 
(CNP+SNP) coated alloy > (CNP) coated 
alloy>>bare alloy immersed in synthetic 
saliva solution at 37°C.

-The CNP coat and CNP+SNP coat shows 
antibacterial sensitivity toward some positive 
and negative gram bacteria like E. coli and 
S.aureus respectively.

- The inhibition zone of the antibacterial activity 
of CNP+SNP coating is greater than in CNP 
coating.

-This work will be beneficial in designing a 
biocompatible implant used in dentistry 
which has excellent corrosion resistance and a 
notable antibacterial activity toward negative 
and positive gram bacteria.
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النانومتري  الطالء  ألمونيوم-٤فانديوم ذات  تيتانيوم-٦  لسبيكه  الكهروكيميائي  الـتأكلي  السلوك 
الجديد بواسطة جسيمات  الشيتوزان النانومترية وجسيمات الفضه النانومتريه  في محلول اللعاب 

الصناعي
أماني محمد فكري، محمد سيد حسين
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تتناول هذه الورقه البحثيه نوعان جديدان مصنعان من االغشيه الرقيقه النانومتريه .الغشاء الرقيق االول  مكون من 
جسيمات الشيتوزان النانومتريه والثاني يتكون من جسيمات الشيتوزان النانومتريه معدل بجسيمات الفضه النانومتريه.
كل غشاء رقيق يتم طالءه على سبيكة  تيتانيوم-٦ ألمونيوم-٤فانديوم. تم أتمام التحليل الطيفي للمعاوقه الكهروكيميائيه 
وأختبارات تافل لتمييز سلوك التأكل لسطح سبيكة التيتانيوم الغيرمطلي وللطالء المركب النانومتري على سطح سبيكة 
التيتانيوم في محلول اللعاب الصناعي  وقد تم التحقق من شكل طالء السبيكه السطحي. الى جانب ذلك تم فحص النشاط 

المضاد للبكتريا للطالءات النانومتريه ومقارنته بالنشاط المضاد للبكتريا للسبيكه الغير مطليه.

للسبيكه  للبكتريا  المضاد  والنشاط  التأكل  من  الحمايه  يعززان  الجديدان  الطالءان  كال  أن  الكليه  النتيجه  أظهرت 
الشيتوزان  جسيمات  من  المكون  النانومتري  للطالء  للبكتريا  المضاد  والنشاط  التأكل  مقاومة  ان  بحيث  المدروسه 

النانومتريه مع جسيمات الفضه النانومتريه أعلى بطريقه ملحوظه من ذلك في طالء جسيمات الشيتوزان النانومتريه .


