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Abstract 
     Nanomaterials became targeted materials for many important applications due to 

its huge surface area and quantum confinement effects. In this work TiO2 

nanoparticles (30nm) were used as additive to enhance the corrosion protection of 

steel rebar in artificial concrete solution (Ca(OH)2 (2g), KOH (22.44mg), NaOH 

(8mg) in 1L of distilled water) against saline environment (3.5%NaCl) at four 

temperatures; 20, 30, 40, and 50ᴼC. Three different concentrations of TiO2 NPs were 

used namely; 1, 3, and 5% by weight. The corrosion parameters and pitting 

probability were followed using Tafel and cyclic polarization plots respectively. 

Protection enhancement was recorded at all TiO2 percent used and efficiencies of 

75-86% were achieved. Using TiO2 NPs reduces but not diminished the pitting 

hysterias loop area. The results supported by surface morphology examination using 

atomic force microscope (AFM). 
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ثنائي أوكديد التيتانيوم  جديمات ضافةإب الخرسانة في التدميح لحديد التآكل من الحماية تعزيز
 النانوية
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 الخلاصة
الدطحية الفائقة  مداحتهالمعديد من التطبيقات الطهطة بدبب  مطمهبةأصبحت الطهاد الظانهية مهاد      

كطضافه نانهمتر(  03الظانهية )TiO2  في هذا العطل استخدام جديطات. تم وتأثيراتها عمى الاحتجاز التكططي
 Ca (OH)2 (2g) ،KOH) محمهل الخرسانة الاصطظاعيفي  للتعزيز حطاية تآكل حديد التدميح من التآك

(22.44mg)  ،NaOH (8mg)  كمهريد الصهديهم(  0.3من الطاء الطقطر( ضد البيئة الطالحة ) لتر 1في ٪
 جديطات تم استخدام ثلاثة تراكيز مختمفة منو  .درجة مئهية 33و  03و  03و  03في أربع درجات حرارة؛ 

الظقري  التآكلالتآكل واحتطال  معاملاتمتابعة  جرى و ٪ وزنيا.  (3و  0و  1)انهية ثظائي اوكديد التيتانيهم الظ
تم الحصهل عمى ندب جيدة لمحطاية من قد و والاستقطاب الرجهعي عمى التهالي.  Tafel باستخدام مظحظيات

ص مل تقه حصلهحظ ٪.  68-53تحقيق كفاءة تراوحت بين مع الطدتخدمة  TiO2 كل ندب عظدالتآكل 
من كل يتم التخمص  دون أناستخدام جديطات ثظائي اوكديد التيتانيهم الظانهية عظد طداحة مظطقة التظقر ل

مجهر  هساطةالظتائج بهاسطة فحص تضاريس الدطح ب قد تم تدعيمو . ةالرجهعي ةضطن الحمقالتظقر  ةمظطق
 .القهة الذرية
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Introduction 

     Corrosion of steel rebar in concrete is one of the major research areas that has been attracting the 

attention over long times since it is recognized as a problem causing degradation, failure, and serious 

accidents and hazards in much structural concrete building [1,2]. This deterioration of the concrete 

objects due to their reaction with corrosive environments surroundings, such as chlorine, carbon 

dioxide, etc. [3, 4]. Many approaches were used to overcome or decreases the risk of concrete 

corrosion [5-7], such as using additives to the concrete mix [8, 9], coating the steel rebar, and others 

[10, 11]. 

    In the past 10 years, nanotechnology has become one of the most important methods used in many 

applications, the most important of which is the protection from corrosion. Many materials have been 

used for this purpose, such as ceramic materials and others [12-14]. 

     The present work aimed to study the influence of using TiO2 NPs as additive to the artificial 

concrete solution on the corrosion properties of the steel rebar in saline environment (3.5% NaCl).  

Materials and methods: 

     The chemical composition of the steel rebar which is used in this study is given by the 

manufacturer and listed in Table-1 

Table 1- Chemical composition of steel rebar 

Element C S Si N Cu Mn Ni Cr 

% 0.26 0.031 0.28 0.010 0.28 0.73 0.13 0.12 

     First the steel rebar was pickled with concentrated HCl (37%, Fluka/ Switzerland), followed by 

rinsing with tab water and then with ethanol and dried well, the rebar was then covered with adhesive 

tape except for a known area which is (16.55cm
2
) and was immersed in three electrode cell and serve 

as working electrode, the Pt-electrode serve as counter electrode, and Ag/AgCl as references electrode. 

TiO2 NPs (50nm, MTI, USA) were used to enhance the corrosion protection properties by two ways of 

application; first as an additive in different concentration (1, 3, and 5%) and second by coating the 

steel rebar with TiO2 NPs. Then the steel rebar polarized in the concrete simulation solution (Ca(OH)2 

(2g), KOH (22.44mg), NaOH (8mg) in 1L of distill water containing 3.5% NaCl) at different 

temperatures (20, 30, 40 & 50 
o
C). Then, Tafel plots were recorded for corrosion rate measurement by 

scanning the potentials ±200mv around the open circuit potential (OCP) with a rate of 2mv/sec. The 

same procedure repeated at four temperatures; 20, 30, 40, and 50
ᴼ
C. 

     The cyclic polarization conducted at 20
ᴼ
C starting from few millivolts lower than OCP going up to 

about 1000mv. 

     The change in the morphology of the steel rebar surface before and after polarization was followed 

by Atomic Force Microscope (SPM AA3000, Angstrom Advanced Inc., USA). 

Results and discussion: 

     Figure-1 shows the recorded Tafel plots for the steel rebar in a simulated concrete solution 

containing TiO2 NPs (1%, 3%, and 5%) and 3.5% NaCl, at temperatures of 20, 30, 40, and 50
ᴼ
C. 

 
Figure 1-Tafel plots of steel rebar polarized in simulated concrete solution containing TiO2 NPs (A-

1.0 %, B-3.0 %, and 5.0 %) at 3.5% NaCl and different temperatures. 

A 
B 

C 
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     Table-2 summarizes all calculated corrosion parameters and Table-3 presents the calculated 

thermodynamic functions for steel rebar in artificial concrete solution with different concentrations of 

TiO2 and 3.5% NaCl. 

The polarization resistance was calculated using Equation 1: 

 

 
     Where βa and βc are Tafel slopes and icorr is the corrosion current. 

In comparisons with the corrosion rates measured without using TiO2 NPs the protection efficiencies 

were measured using the following equation [15]: 

PE%= [ (CR0 – CRx ) / CR0] * 100                                              (2) 

Where CR0 and CRx are the corrosion rate without and with using NPs respectively. 

 

Table 2- Corrosion rate parameters of steel rebar polarized in simulated concrete solution containing 

TiO2 Nps (30nm) and 3.5% NaCl at 20, 30, 40, 50
ᴼ
C. 

TiO2

% 

T 

(K) 

Ecorr 

(mV) 

icorr 

(A*10-

6/cm2) 

Βc 

(mV/Dec) 

βa 

(mV/Dec) 

Rp 

Ω.cm2 

CR(WL) 

g.m-2d-1 

CR(PL) 

mmpy 
PE% 

0 

293 -458.7 95.86 -125.1 145.5 304.69 24 1.110 --- 

303 -478.1 100.76 -91.6 102.1 208.07 25.2 1.170 ---- 

313 -467.8 215.79 97.6- 176.3 126.41 53.9 2.500 ---- 

323 -457.1 257.57 -123.6 142.3 111.51 64.4 2.990 ---- 

1 

293 -413.5 22.74 -108.1 217.7 1379.26 5.68 0.264 76.21 

303 -408.2 25.70 -95.8 152.6 994.35 6.43 0.298 74.52 

313 -401.0 32.37 -86.8 120.2 676.10 8.09 0.376 84.96 

323 -414.5 39.16 -79.2 111.4 513.27 9.79 0.454 84.81 

3 

293 -422.7 17.79 -101.5 170.9 1554.28 4.45 0.207 81.35 

303 -493.2 23.93 -73.6 97.3 760.34 5.98 0.278 76.23 

313 -415.5 30.75 -73.4 111.5 625.02 7.69 0.357 85.72 

323 -415.5 38.15 -101.3 147.0 682.59 9.54 0.443 85.18 

5 

293 -441.3 14.10 -67.9 80.5 1134.27 3.52 0.164 85.22 

303 -478.3 22.45 -51.9 77.2 600.27 5.61 0.261 77.69 

313 -455.5 28.56 -68.5 98.6 614.52 7.14 0.332 86.72 

323 -446.6 36.44 -59.1 69.5 380.59 9.11 0.423 85.85 

 

     The data in Table-2 reflected that all percent of TiO2 NPs which have been added to the concrete 

solution, succeeded to enhance the protection efficiency more than 75% and reach a maximum of 86% 

with using 5% TiO2.  

The values of Rp steel rebar in concrete solution without using nanoparticles as additive decreased  

with increasing temperature which attributed to the formation of corrosion product (Iron oxides), while 

Rp for steel rebar in concrete solution containing TiO2 NPs have high  values than the values before 

adding TiO2 NPs and decrease with increasing temperature at all temperature which mean no 

corrosion products was formed on steel bar surface[16, 17]. The kinetics properties (Ea, ∆ G*, ∆H*, 

and ∆S*) were calculated using the following relationships [18] : 

                                                      (3) 

 

                                                  (4) 
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     Where R is the universal gas constant (8.314 J mol
-1

 K
-1

), T is the temperature in K, h is the Plank’s 

constant (6.626176 x 10
-34

 Js), N is the Avogadro’s number (6.022 x 10
23

 mol
-1

), ΔS* is the entropy of 

activation and ΔH* is the enthalpy of activation. Then ∆G* was calculated using Equation (5). 

                                   (5) 

 

All kinetics and thermodynmic functions are tabulated in Table-3. 

 

Table -3 Kinetics and thermodynamic parameters of steel rebar corrosion in /concrete electrolyte 

solution containing 3.5% NaCl and TiO2 NPs. 

TiO2 

% 
T(K) Ea (kJ/mole) 

ΔH* 

(kJ/mol) 
ΔS* (kJ/mol.K) ΔG* (kJ/mol) 

0 

293 

16.090 18.569 -0.144 

60.761 

303 62.201 

313 63.641 

323 65.081 

1 

293 

14.258 9.066 -0.188 

64.15 

303 66.03 

313 67.91 

323 69.79 

3 

293 

20.012 12.878 -0.176 

64.446 

303 66.206 

313 67.966 

323 69.726 

5 

293 

24.907 16.790 -0.164 

64.842 

303 66.482 

313 68.122 

323 69.762 

 

The values of activation energy Ea* increased with increasing TiO2 content due to increasing the 

surface area of the nanoparticles that dispersed in the concrete solution [19]. 

The activation enthalpy of the transition process (ΔH*) took positive value which indicating 

endothermic reaction and also increased with increasing TiO2. The entropy (ΔS*) reflect the change in 

the order and orientation of the solvent molecules around the hydrated metal ions in the corrosion 

medium then metal atoms were corroded and subsequently hydrated in the solution [20]. Since the 

activation Gibbs free energy (ΔG*) seems to be nearly constant and have positive value at all 

temperature which describes the process also as non-spontaneous one for transition reaction [21]. The 

surface morphology changing was tested by Atomic force microscope, as shown in Figure-2 

 

 
 

 

Figure 2- AFM 3D views of steel rebar after polarization in artificial concrete solution containing; A- 

without any additives, B- containing 3.5% NaCl , and C- containing 3.5% NaCl and 5% TiO2 NPs, 

A B C 
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     These images clearly supported the investigations deduced from the electrochemical polarization 

procedure, since the surface morphology in 3.5%NaCl without using TiO2 is very rough containing 

deep valley (Figure-2B), while the roughness after using TiO2 as additive seems to be unaffected 

(Figure-2C) in comparisons with the roughness of the steel bar before polarization process (Figure-

2A). 

     The probability of pitting corrosion occurrences was investigated by cyclic polarization procedure 

[22] as mentioned in the experimental part, Figure-3 show the cyclic Voltagrams and the histories 

loops which have formed during the polarization in each solution. 

 

 
Figure 3- Cyclic polarization voltagram of steel rebar polarized in artificial concrete solution 

containing 3.5% NaCl; a-without TiO2 NPs, b- with TiO2 NPs as additive at 20
ᴼ
C. 

 

Unfortunately, this polarization Voltagrams show that the TiO2 NPs reduces the pitting area but not 

fully diminished the pitting problem of the chloride ions.  

Conclusions: 

The results indicated the following conclusions on adding TiO2 NPs to the concrete;  

i- enhanced the corrosion protection of the steel bar against seawater condition,  

ii- TiO2 NPs reduces but not diminished the pitting hysterias loop area.  
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