Journal of Babylon University/Pure and Applied Sciences/ No.(5)/ Vol.(18): 2010



Using of Tea Extract as an Inhibitor for Steel Corrosion in 10%HCl Solution

Wathiq Nasser Hussein

Babylon University, Electrochemical Eng. Dept.

Abbas  Abdulkadhim Khulief
Technical College, Al-Mussayab

Shaker Saleh Bahar

Babylon University, Electrochemical Eng. Dept.

Abstract

A study of steel corrosion in 10%HCl solution under various temperature values with and without inhibitor was done.

As a result of the modern science trends to use cheap, safe inhibitors as well as with a minor risks on human being life, therefore, a black tea extract solution or what is named in Iraq as a tea was used as a natural inhibitor.

The anodic and cathodic polarization curves in the specified solutions demonstrated that a good inhibition efficiency was obtained and  increased by increasing the inhibitor quantity and the inhibition  to approach about 70% at the highest quantity used. The inhibition mechanism did not affect the hydrogen evolution kinetic in this media but was according to a film formation that isolate the metal from the HCl solution.
الخلاصة

تم في هذا البحث دراسة تاكل الفولاذ في محلول 10% حامض الهيدروكلوريك بدرجات حرارية مختلفة مع وبدون استخدام المثبط.
نتيجة لتوجه العلوم الجديثة لاستخدام مثبطات ذات كلف رخيصة اضافة الى كونها امينة وغير خطرة على حياة الانسان –نتيجة لذلك- تم نجريب مستخلص الشاي الاسود او مايسمى بالعراق بالشاي كمادة مثبطة طبيعية.

اظهرت تجارب الاستقطاب الانودي والكاثودي للمعدن في المحاليل المعينة ان هناك نسبة جيدة للتثبيط وازدادت بزيادة  الكمية المضافة من المثبط لتصل الى قرابة 70% عند استخدام اكبر كمية من المثبط. ان نوع التثبيط لم يؤثر على حركية تفاعل الهيدروجين في تلك الاوساط بل كان عن طريق تكوين غشاء يعزل سطح المعدن عن المحلول.HCl        
Introduction
In metal finishing for preparing work pieces for further process, such as painting, electroplating and others, it is needed to  use cleaners, i.e., alkaline baths or degreasing solutions to remove dusts, oils, etc from the work surfaces as well as acid using to remove scales or oxides. One of the main acids that used in industry is hydrochloric acid for its potent action (Lowenheim 1978).  
In order to control the dissolving process of he work by acids, necessity claims to use inhibitors. The most synthesized inhibitors used to secure metals against corrosion are generally a source of pollution hazards. The attempts to highlight environmentally friendly processes are reoriented to the use of natural products which are known as their environmental and acceptable  ecological properties. Also, naturally occurring antioxidants are cheap and readily available and renewable sources of materials. Recently, many works show that they can be used as corrosion inhibitors (Bouklah 2006, Arora et al. 2007). In this study the detection of the feasibility  of tea extract to inhibit the corrosion of carbon steel  in a solution of 10%HCl  under the effect of different temperature values was held. The reason to choose temperature range of 30 to about 70◦C is to check the stability of tea extract under such conditions. 
Experimental

1- Inhibitor solution extraction. 10g of black tea leaves were boiled with one litter of water for five minutes and then the solution was filtered at such case it is ready for use so that 50, 100 and 150 ml were taken as an inhibitor for the appropriate run.

2- Polarization circuit. A familiar circuit was used to get the information of  the corrosion process as shown in figure 1. All the potential values were with respect to S.C.E.
3- Preparation of metal. Specimens were cut and worked to the required shape of dimensions (11.5*4*0.25 cm). sand papers were used for the case of cleaning followed by immersion in 10%HCl solution for 30 seconds then drying by cotton rag. The composition of the specimens is shown in table1.
4- The polarization cell was placed inside a constant temperature water bath (HAAK W13) supplied with a thermostat to keep the temperature constant within 
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 until the solution reached the preset temperature.
5- The 10%HCl solution was prepared by dilution 36%HCl (analar grade) with tap water. [image: image2.png]A: ammeter
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Figure 1; polarization circuit

Table 1; composition of the used specimens
	C
	Mn
	Si
	Ni
	S
	Cr
	Fe

	0.1977
	0.152
	0.155
	0.064
	0.0265
	0.021
	0.9938


Results and Discussions
Polarization measurements

Polarization behavior of steel in 10%HCl solution in presence and absence of inhibitor under the specified temperatures is shown via figures 2-13.
[image: image3.emf]-1.2

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.00001 0.001 0.1 10 1000

Current Density, mA/cm

2

Potential, mV


Figure 2; polarization curves for steel in 10%HCl solution at 30˚C
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          Figure 3; polarization curves for steel in 10%HCl solution at 53˚C
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Figure 4; polarization curves for steel in 10%HCl solution at 67˚C
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Figure 5; polarization curves for steel in 10%HCl solution in presence of 50 ml of the inhibitor at 30˚C

[image: image7.emf]-2

-1.5

-1

-0.5

0

0.5

1

1.5

0.01 0.1 1 10 100

Current density, mA/cm

2

Potential, mV


Figure 6; polarization curves for steel in 10%HCl solution in presence of 50 ml of the inhibitor at 53˚C
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Figure 7; polarization curves for steel in 10%HCl solution in presence of 50 ml of the inhibitor at 67˚C
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Figure 8; polarization curves for steel in 10%HCl solution in presence of 100 ml of the inhibitor at 30˚C
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Figure 9; polarization curves for steel in 10%HCl solution in presence of 100 ml of the inhibitor at 53˚C
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Figure 10; polarization curves for steel in 10%HCl solution in presence of 100 ml of the inhibitor at 67˚C
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Figure 11; polarization curves for steel in 10%HCl solution in presence of 150 ml of the inhibitor at 30˚C
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Figure 12; polarization curves for steel in 10%HCl solution in presence of 150 ml of the inhibitor at 53˚C
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Figure 13; polarization curves for steel in 10%HCl solution in presence of 150 ml of the inhibitor at 67˚C

The abstracted values of corrosion current density (i), corrosion potential Ecorr and the inhibition efficiency are shown in table 2 below. The inhibition efficiency was calculated according to the following formula (Winston Revie et al. 2008):
Efficiency=
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Table 2: abstracted values from figures 2-13

	Volume of inhibitor solution extract used, ml
	Corrosion current density, mA/cm2,(i)
	Ecorr, mV
	Inhibition efficiency %

	
	30˚C
	53˚C
	67˚C
	30˚C
	53˚C
	67˚C
	30˚C
	53˚C
	67˚C

	0
	6.588
	9.504
	17.982
	-488
	-446
	-472
	--
	--
	--

	50
	3.923
	8.019
	12.387
	-492
	-454
	-449
	40.45
	15.51
	31.11

	100
	3.609
	3.934
	7.497
	-497
	-460
	-452
	45.21
	58.60
	58.30

	150
	3.129
	2.521
	4.608
	-496
	-464
	-464
	52.5
	73.4
	74.37


It can be seen from the above table that; 1- the current density is decreased by the addition of the specified inhibitor concentration and the decrease is proportional to the inhibitor quantity.2- the current density is increased with increasing of temperature.3- the corrosion potential does not altered significantly with both the temperature and the inhibitor quantity.4- as the temperature increases, the efficiency tends to be better especially when the inhibitor at its highest concentration.5-all the curves are lying within the activation control region.
The inhibitor efficiency is drawn vs. its quantity and the variation of such plot is shown in figure 14:
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Figure 14; Inhibitor efficiency vs. its quantity at various values of temperatures

Since the addition of the inhibitor does not alter the Ecorr significantly, therefore, it sited as a mixed inhibitor.
The activation energy can be determined from Arrehenius plot for steel in 10%HCl solution according to (Anadouli et al. 1986, Nestor Perez  2004);

i=Aexp –E/RT…………….2
where;

i is the corrosion current density.

A is the frequency factor.

E  is the activation energy of the reaction in question.

Such plot is shown in figure 15 below and the values of E are shown in table 3.
It is obvious from the E values, i.e. as the inhibitor concentration increases the E-value is decreased, that is the action of the inhibitor used in this study is via blocking the active site of the electrode or the mechanism by which it affects the corrosion is the blocking adsorption.
It is seen  that the efficiency of the present inhibitor is almost increased with temperature, this increase can be explained due to the time between the process of adsorption and desorption of inhibitor molecules over the metal surface (Arab et al. 2007);

Inh(sol) +xH2O=inh(ads)+xH2O(sol)…………..3
Which is become longer with increase in temperature. Hence, the metal surface remains exposed to the aggressive environment for a shorter period thereby decrease the rate of corrosion. 
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Figure 15; Arrehenius plots for the dissolution of steel in 10%HCl solution in the absence and presence of inhibitor.
Table 3; Activation energies and heat of adsorption for steel in 10%HCl solution in presence and absence of the specified inhibitor


	Quantity of inhibitor(ml)
	Activation energy (kJ/mol)
	Heat of adsorption(kJ/mol) 
	ΔS(kJ/mol)

	Blank
	243.463
	………….
	-0.0661

	50
	189.472
	-6.811
	-0.0672

	100
	80.102
	14.220
	-0.0682

	150
	62.180
	43.472
	-0.0687


These results that concerned with activation energy are consistent with that of Bouklah et al. 2006. The decrease in E values with increasing quantity of inhibitor is attributed to the adsorption process. 
Figure 16 shows the linear dependence of Θ/1- Θ on the reversed values of temperature, where Θ is the coverage determined from the inhibition efficiency. The inhibitor adsorbed according to Langmuir isotherm model by the relation (Bouklah et al. 2006, Arab et al.2007);
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and the values of heat of adsorption for each concentration of inhibitor are shown in table 3.
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Figure 16; the Langmuir adsorption isotherm
The value of thermodynamic parameters for the adsorption of inhibitors can provide information about the mechanism of corrosion inhibition. The endothermic adsorption process (Q >0) is attributed unequivocally to chemisorption (Durnie et al. 1999), while generally, an exothermic adsorption process (Q< 0) may involve either physisorption or chemisorption or a mixture of both. In general the value of adsorption heat is exothermic (table 3),i.e. as the temperature is increased the inhibition efficiency is expected to be in decreasing order. This can be explained that the effective part of the extract is not available in such density to be in contact with the metal surface and here the physical adsorption is prevailing. As the inhibitor concentration increased the availability of acting parts (the composer of tea) is increased and the reaction is becoming easier and faster. According to this statement, there are two actions of this inhibitor viz. by physorption and chemi one.
To find the entropy change of the corrosion reaction with and without inhibitor, the following reaction is representative (Arab et al. 2007):

[image: image21.wmf])

/

exp(

)

/

exp(

.

/

RT

H

R

S

Nh

R

T

i

corr

D

-

D

=

………………..5

where;

h is the Plank´s constant.

N is the Avogadro´s number.

Equation 5 is coming from the transition-state (from the reactants to the products).
The values of ΔS can be obtained from the plot of log icorr/T as shown in figure 17 and enlisted in table 3 above. These values of entropy suggest that as the quantity of inhibitor increases the order of the reactants to go to the activated complex (Arab et al. 2007) or as the inhibitor quantity increased the formed film becomes well ordered . 
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Figure 17; Relationship between icorr/T and 1/T
Conclusions
· Tea extract act as a mixed inhibitor for the corrosion of steel in 10%HCl solution without affecting the mechanism of hydrogen evolution reaction.

· The inhibition efficiency of black tea extract increases-almost-with temperature and the activation energy decreases in presence of the inhibitor.
· The inhibitor efficiency increased by increasing inhibitor quantity.
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