
P. Premkumar, K. Kannan, and M. Natesan 

 

December  2009                                                                 The Arabian Journal for Science and Engineering, Volume 34, Number  2C 71

 

 
EVALUATION OF MENTHOL AS VAPOR PHASE 

CORROSION INHIBITOR FOR MILD STEEL IN NaCl 
ENVIRONMENT 

P. Premkumar* 
Gnanamani College of Technology 

Pachal Post, Namakkal District, Tamilnadu, India 
Pin 637 018 

K. Kannan 

Government College of Engineering 
Salem – 636 011, Tamilnadu, India 

and M. Natesan 

Central Electrochemical Research Institute 
Karaikudi – 630 006, Tamilnadu, India 

 

 
 

 :الخالصـة
د الصوديوم ،            - في هذا البحث     -لقد تم    ة آلوري دل في بيئ والذ المعت ة للف ة مؤقت وفير حماي  دراسة الميثانول آمعطل للتآآل في حالته الغازية آمصدر ت

سبية        ة ن ة بوجود رطوب ة الغازي ا في الحال ة للتآآل وزني ويم خواصه المعطل م تق ة باستخ 1±40و درجة حرارة  % 100حيث ت ة التكثيف  مئوي دام طريق
ائي        -وقد تمت دراسة الخواص الكهروآيميائية    . المستمر ار الكهرب ة التي اد       - آاستقطاب تافل و مقاوم ى ورق تصنيع آرافت باعتم انول المخصب عل   للميث

انول من مدى       لقد أظهرت النتائج أن فعالية التعطيل للميثانول تزد. طريقة الطبقة الرقيقة و باستخدام جهاز تحكم التآآل الجوي  ز الميث  250اد بزيادة ترآي
 .    لالمتصاصTemkin’sآما وجد أن امتصاص الميثانول فوق سطح معدن معتدل يتبع مبدأ ). قدم مربع/ملغم (1000إلى 
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ABSTRACT 

Menthol has been studied as a vapor phase corrosion inhibitor for the temporary protection of mild steel in a 
NaCl environment. Its vapor corrosion inhibition property was gravimetrically evaluated in 100% relative humidity 
(RH) at 40±1 ºC by a continuous condensation method. Electrochemical properties, such as Tafel polarization and 
AC impedance, of menthol impregnated craft paper was studied by a thin layer technique using an atmospheric 
corrosion monitor. It has been found from the results that the inhibition efficiency of menthol increases with an 
increase in the concentration of menthol from 250 mg/sq.ft to 1,000 mg/sq. ft. The adsorption behavior of menthol 
on mild steel surface was found to obey Temkin’s adsorption isotherm.   
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EVALUATION OF MENTHOL AS VAPOR PHASE CORROSION INHIBITOR FOR 
MILD STEEL IN NaCl ENVIRONMENT 

 

1. INTRODUCTION 

Atmospheric corrosion of metals in closed spaces, such as in parcels, and during storage and shipment, can be 
temporarily prevented by the use of certain substances called vapor space corrosion inhibitors (VPCI). VPCIs are 
similar to organic adsorption type inhibitors and they can be used in the form of powder, pellets, or impregnated 
papers to inhibit atmospheric corrosion of metals without direct contact with the metal surface [1–3]. The vapors of a 
VPCI reach the metal surface and condense to form a thin film of crystals. In the presence of even traces of moisture, 
the crystal gets dissolved and immediately develops strong ionic activity. The layer separates the metal from the 
environment and protects the metal from corrosion. As the VPCI film is very thin, it will not interfere with the 
subsequent use or treatment of the protected surface. Commercial VPCIs are either pure chemicals or a mixture of 
chemicals and are available in different forms, such as powders, tablets, sachets, emitters, and liquids.  

The VPCI protection technique was first applied during the Second World War to protect military equipment 
from rusting during storage. Initially camphor [4] was used to protect military equipment. There are numerous 
investigations on corrosion inhibition studies using aliphatic amines, alicyclic amines, and their salts as VPCIs for 
various industrial metals alloys, and electronic and electrical components. For the past five decades, a number of 
these have gained commercial importance. 

The organic substances studied as a VCPI for mild steel were morpholine and its derivatives [5,6], diamino 
hexane derivatives [7], octylamine [8], cyclohexylamine and dicyclohexylamine [9], amine carboxylates [10], 
ammonium caprylate [11], Benzoic hydrazide derivatives [12,13], Bis-piperidiniummethyl-urea [14], β–amino 
alcoholic compounds [15], etc. Apart from organic substances, natural compounds like wood bark oil [16] and thyme 
[17,18] have also been used as VCPIs. 

The commonly used VPCIs in industry are nitrogen containing organic compounds. The main difficulty 
encountered with those compounds is their toxicity. Thus, replacing them with environmental-friendly natural 
compounds is desirable. In the present investigation, menthol was investigated as a VCPI for mild steel in a NaCl 
environment due its volatile nature and the presence of an alcoholic function group. Inhibition of mild steel corrosion 
by a menthol film forming on the metal surface was studied using both weight loss and electrochemical techniques.  

2. EXPERIMENTAL DETAILS 

2.1. Materials and Apparatus 

Mild steel strips were used for the gravimetric and electrochemical measurements. For the gravimetric test, 
specimens of mild steel were made having dimensions of 5 cm x 1 cm x 0.1 cm and a hole was drilled in each for 
suspending the samples. The menthol impregnated papers were prepared by wet impregnation method. A known 
amount (250 to 1,250 mg) of menthol was taken and dissolved in 15 ml ethanol. One square foot of craft paper was 
dipped into the solution until it was completely wet. Then it was taken out of the solution and the solvent was 
allowed to evaporate. The impregnated paper was then stored in a tightly closed container. It was used for 
gravimetric and electrochemical studies. Gravimetric experiments were conducted in a 1 liter bottle with a tight 
fitting rubber cork. The specimens were suspended in the bottle and placed in an electrically heated thermostat at 
40±1˚C. An Atmospheric Corrosion Monitor (ACM) was constructed by using five metal plates 2 mm thick and 25 
mm long. The metal plates were insulated from one another by means of PVC separators 1 mm thick. The central 
metal plate was connected to one terminal which acted as the reference electrode (RE). Two alternate plates (except 
the central plate) were connected to get other two terminals, namely, a working electrode (WE) and a counter 
electrode (CE). The whole setup was encapsulated in a polymer resin to form a three electrode type ACM, as shown 
in Figure 1. For polishing of mild steel specimens and ACM, 1/0, 2/0, 3/0, and 4/0 emery sheets were used. For 
degreasing purposes, tri-chloroethylene was used as a solvent. Tafel polarization and electrochemical impedance 
spectroscopy measurements were performed using CH electrochemical analyzer (Model CHI 608B). 
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Figure 1. Atmospheric corrosion monitor 

 

2.2.  Procedures 

2.2.1. Gravimetric measurements 

The gravimetric test was conducted under continuous condensation to evaluate the inhibition effect of menthol 
impregnated craft paper. The mill scale on the specimen was removed by using the pickling solution as given in 
ASTM G1 specification. After pre-treatment, including polishing and degreasing, the specimens were weighed. The 
final geometrical area of each specimen was 10 cm2. After initial weighing, the test specimens were covered with un-
impregnated and impregnated craft paper of menthol concentration 250 to 1,000 mg per square feet. The covered 
specimens were held by hooks in a one liter bottle containing 100 ml of 0.01N NaCl solution. The experimental 
setup is shown in Figure 2. The bottles were placed in an electrically heated thermostat at 40±1 ˚C. The test process 
includes continuous condensation of specimens in a corrosion testing bottle of 100% RH. The period of gravimetric 
measurements was 14 days. After 14 days, the specimens were removed for visual inspection and mass loss 
determination. The loose corroded products were removed by hard rubber and rinsed in distilled water. Corrosion 
rates, inhibition efficiency and surface coverage were calculated utilizing the following equations:  

Corrosion rate (CR) (µmy-1)=  
387.6 10 W

A t D
× ×
× ×

 

                                              CR1-CR2 

Inhibition efficiency (IE %) =   --------------  x 100  

                                             CR1 

                                             CR1-CR2 

                          Surface coverage (θ)      =  --------------  

                                                                                                             CR1 

where W is weight loss in mg, A is the area of the coupon in cm2, t is time of exposure in hours, D is density of 
metal in g/cm3 , and CR1 and CR2 are the corrosion rates of the specimen in the absence and presence of the 
inhibitor,  respectively. The experiments were carried out in triplicate, i.e., the gravimetric corrosion rate was listed 
as an average value of the three specimens studied under identical conditions. 
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Figure 2. Gravimetric evaluation cell 

2.2.2. Potentiodynamic polarization measurements 

A three-electrode type atmospheric corrosion monitor [14,15] with working electrode area of 1 cm2 was used for 
potentiodynamic polarization studies. About 1 ml of 0.01 N NaCl was applied over the well polished atmospheric 
corrosion monitor. VPCI impregnated craft paper was pressed over it. Open circuit potential (OCP) was noted when 
a steady state was attained. The potential was varied from OCP within the range of –200 mV to +200 mV at the rate 
of 2 mV/s.  Corrosion kinetic parameters, such as Ecorr, Tafel slopes, and Icorr were evaluated from E vs logI plot. A 
similar experiment was carried out using unimpregnated craft paper as control. All the experimental results were 
replicated three times to ensure their reproducibility and statistical significance. The inhibition efficiency and surface 
coverage were calculated using the following formulas: 

Inhibition efficiency (IE %) = ( ) 100corr corr i

corr

I I
I
−

×  

Surface coverage (θ) = ( )corr corr i

corr

I I
I
−

 

where: Icorr is corrosion current density for unimpregnated craft paper and Icorr(i) is corrosion current density for VPCI 
impregnated craft paper. 

2.2.3. Electrochemical impedance measurements 

Electrochemical impedance measurements were carried out for VPCI impregnated and unimpregnated papers. 
One ml of 0.01N NaCl was applied on the well-polished three electrode type ACM over which various 
concentrations of VPCI impregnated paper were pressed and allowed to attain a steady potential value. The 
experiments were carried out in the frequency range of 10 kHz to 100 mHz. The real and imaginary parts of the 
impedance were plotted as Nyquist plots.  The solution resistance (Rs) and total resistance (Rt) were obtained from 
the low frequency and high frequency intercepts on the Z’ axis of the Nyquist plot, respectively. The difference 
between Rt and Rs values gives the charge transfer resistance (Rct) value. All the experimental results were replicated 
three times to ensure their reproducibility and statistical significance. The inhibition efficiency and Cdl values 
were calculated using the following formulas: 

Inhibition efficiency (IE, %) =  ( ) ctct i

ct

R R
100

R

−
×  

where Rct is charge transfer resistance for unimpregnated paper and Rct(i) is charge transfer resistance for 
impregnated paper. 

         Double layer capacitance (Cdl) = 
max

1
2 ctf Rπ ×

   

where Rct is charge transfer resistance, and fmax is frequency at Z” value maximum. 
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3. RESULTS AND DISCUSSION 

3.1. Gravimetric Measurements  

Menthol in various concentrations were impregnated on craft paper and gravimetrically evaluated as VPCI for 
mild steel in a 0.01N NaCl environment at 100% RH for 14 days. The mass loss was determined after removing 
corrosion products from the metal surface in accordance with ASTM G1-67 and the corresponding inhibition 
efficiency was calculated. The results are summarized in Table 1. The impregnated craft paper with menthol 
concentration of 1,000 mg/sq. ft. offered the maximum protection for mild steel. The minimum weight loss of 10.3 
mg and the corresponding inhibition efficiency of 74.12% were observed at a menthol concentration of 1000 
mg/sq.ft.  

Table 1. Gravimetric Corrosion Results of Menthol Impregnated and Unimpregnated Craft Papers as VPCI 
for Mild Steel in 100% RH Using 0.01N NaCl at 40±1˚C for 14 Days 

Amount of menthol 
impregnated on craft 

paper 

(mg/sq.ft.) 

Weight loss 
(mg) 

Corrosion rate    
(µmy-1) 

Surface 
coverage (θ) 

Inhibition  

efficiency 

(%) 

Control 39.80 131.80 --  -- 

250 25.90 85.77 0.35 34.92 

500 18.30 60.60 0.54 54.02 

750 13.10 43.38 0.67 67.09 

1000 10.30 34.11 0.74 74.12 

1250 10.80 35.76 0.73 72.87 

3.2. Potentiodynamic Polarization Measurements 

Potentiodynamic polarization curves for mild steel in 0.01N NaCl are shown in Figure 3. The polarization 
parameters Ecorr, Tafel slopes (ba and bc), Icorr, LPR, and inhibition efficiency are listed in Table 2. It can be seen from 
the data in the Table 2 that the Ecorr values shifted in the positive direction in the presence of menthol. Furthermore, 
the presence of menthol led to a variation in the value of the cathodic Tafel negative slope compared to that of the 
control sample. It is suggested that the mechanism of inhibition is under cathodic control. The cathodic hydrogen 
evaluation reaction was polarized to the maximum extent, leading to inhibition. The linear polarization resistance 
increased from 0.79 K.ohm.cm2 to 2.02 K.ohm.cm2 with menthol of concentration 1,000 mg/sq. ft. The inhibition 
efficiency and LPR values increased with an increase in the concentration of menthol up to 1,000 mg/sq.ft. The 
maximum inhibition efficiency of 62.24% was observed at a menthol concentration of 1,000 mg/sq.ft. 

 
Figure 3. Potentiodynamic polarization curves of menthol for mild steel in 0.01N NaCl by thin layer technique 



P. Premkumar, K. Kannan, and M. Natesan 

 

December  2009                                                                 The Arabian Journal for Science and Engineering, Volume 34, Number  2C 77

Table 2. Electrochemical Polarization Parameters of Menthol Impregnated and Unimpregnated Craft Papers 
as VPCI for Mild Steel in 0.01N NaCl by Thin Layer Technique 

Tafel slopes 
(mV/decade) 

Amount of 
menthol 

impregnated on 
craft Paper 
(mg/sq. ft.) 

Ecorr 
(mV) 

ba bc 

Icorr 

(µA/cm2) 

LPR 
(K.ohm.c

m2) 

Surface 
coverage (θ) 

 
 

IE 
(%) 

Control -43 117 133 30.64 0.79  -- -- 

250 5 86 163 22.18 1.10 0.28 27.61 

500 5 87 158 17.41 1.40 0.43 43.18 

750 0 85 156 14.24 1.68 0.54 53.52 

1000 -2 84 149 11.57 2.02 0.62 62.24 

1250 -2 87 150 12.34 1.94 0.60 59.73 

 

 

3.3. Electrochemical Impedance Measurements 

AC impedance behavior of mild steel in 0.01N NaCl with different concentrations of menthol impregnated craft 
papers and unimpregnated craft paper were studied by thin layer technique. The impedance spectra observed are 
depicted in Figure 4. In the diagrams, imaginary component z” was plotted against real component z’. The AC 
impedance measurements were carried out in the frequency range of 10 kHz to 100 mHz. Semi-circular type curves 
were observed in the system. It indicates that the mechanism of mild steel corrosion in the absence and presence of 
menthol is purely controlled by the charge transfer process. It is also observed from the Rct values of mild steel in 
0.01N NaCl with different concentrations of menthol impregnated are higher than those in the unimpregnated craft 
paper. The impedance parameters obtained from the curves are given in Table 3. The charge transfer resistance 
increased with an increase in the concentration of menthol. The maximum inhibition efficiency of 61.67% was 
observed for menthol concentration of 1,000 mg/sq.ft. The AC impedance method of evaluation corroborates the 
results obtained from gravimetric and polarization studies. 

 

 

 
Figure 4. AC impedance curves of menthol for mild steel in 0.01N NaCl by thin layer technique 
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Table 3. AC Impedance Parameters of Menthol Impregnated and Unimpregnated Craft Papers as VPCI for 
Mild Steel in 0.01N NaCl by Thin Layer Technique 

Amount of menthol 
impregnated on  

craft paper 
(mg/sq.ft.) 

Rct 
(Ohm cm2) 

Cdl 
(µF/cm2) 

Inhibition 
efficiency 

(%) 

Control 368 139.83  -- 

250 644 96.82 42.86 

500 739 84.37 50.20 

750 797 78.23 53.83 

1000 960 64.95 61.67 

1250 929 67.12 60.39 

3.4. Adsorption Isotherm 

The mechanism of inhibition of corrosion is generally believed to operate due to the formation and maintenance 
of a protective film on the metal surface. Adsorption isotherm plot surface coverage (θ) obtained from gravimetric 
and polarization measurements versus log concentration are shown in Figure 5. The straight lines of these plots 
suggest that the adsorption of menthol on mild steel in a sodium chloride environment obey Temkin’s adsorption 
isotherm. This also infers that the corrosion inhibition of menthol is a result of its adsorption on the metal surface 
[19]. 

 

 

Figure 5. Temkin’s adsorption isotherm plot of menthol for mild steel in NaCl environment 

 

4. CONCLUSIONS 

Menthol has been found to be an effective vapor phase corrosion inhibitor for mild steel in a sodium chloride 
environment. The corrosion rate of mild steel decreased with increasing concentrations of menthol up to 1,000 
mg/sq. ft. The reported studies show that adsorption of menthol on mild steel obeys Temkin’s adsorption isotherm. 



P. Premkumar, K. Kannan, and M. Natesan 

 

December  2009                                                                 The Arabian Journal for Science and Engineering, Volume 34, Number  2C 79

ACKNOWLEDGMENT  

The authors sincerely thank Dr.T.Arangannal, Chairman, and Mrs. P. MalaLeena, Chairperson, Gnanamani 
College of Technology, and Dr. K. Srinivasan, Prof. of Chemistry, Government College of Engineering, Salem, for 
providing all necessary facilities, constant encouragement, and valuable comments throughout this work. 

REFERENCES 

[1] A. Subramanian, M. Natesan, V. S. Muralidharan, K. Balakrishnan, and T. Vasudevan, “An Overview; Vapor 
Phase Corrosion Inhibitors”, Corrosion, 56(2000), p. 144. 

[2] D. M. Bastidas, E. Cano, and E. M. Mora, “Volatile Corrosion Inhibitors; A Review”, ACMM, 52(2005), p. 71. 

[3] D-Q. Zhang and L-X. Gao, “Oligomeric Volatile Corrosion Inhibitors for Shipyard Installations”, Materials 
Performance, 42(2003), p. 40. 

[4] D. D. N. Singh and M. K. Banerjee, “Vapor Phase Corrosion Inhibitors: A Review”, ACMM, 31(1984), p. 4. 

[5] A. Subramanian, R. Gopalakrishnan, C. Boopathi, K. Balakrishnan, T. Vasudevan, M. Natesan, and N. S. 
Rengasamy, “Morpholine and Its Derivatives as Vapor Phase Corrosion Inhibitors for Mild Steel”, Bulletin of 
Electrochemistry, 14(1998),  p. 289. 

[6] E. Vuorinen , P. Ngobeni, G. H. Van der Klashorst, W. Skinner , W. E. De, and W. S. Ernst, “Derivatives of 
Cyclohexylamine and Morpholine as Volatile Corrosion Inhibitors”, British Corrosion Journal, 29(1994), p. 120. 

[7] M. A. Quraishi, D. Jamal, and R. N. Singh, “Inhibition of Mild Steel Corrosion in the Presence of Fatty Acid 
Thiosemicarbazides”, Corrosion, 58(2002), p. 201. 

[8] A. Subramanian, R. Rathina Kumar, M. Natesan, and T. Vasudevan, “The Performance of VPI Coated Paper for 
Temporary Corrosion Prevention of Metals”, ACMM, 49(2002), p. 354.   

[9] A. Subramanian, P. Rajendran, M. Natesan, K. Balakrishnan, and T. Vasudevan, “Corrosion Behavior of Metals in 
SO2 Environment and Its Prevention by Some Volatile Corrosion Inhibitors”, ACMM, 46(1999), p. 346. 

[10]  E. Vuorinen and W. Skinner, “Amine Carboxylates as Vapor Phase Corrosion Inhibitors”, British Corrosion 
Journal, 37(2002), p. 159. 

[11] W. Skinner, F. Du Preez, and E. Vuorinen, “Evaluation of Vapor Phase Corrosion Inhibitors”, British Corrosion 
Journal, 34(1999), p. 151. 

[12] M. A. Quraishi and D. Jamal, “Inhibition of Metals Corrosion by a New Vapor Phase Corrosion Inhibitor”, 
Journal of Metallurgy and Material Science, 47(2005), p. 45. 

[13] M. A. Quraishi, V. Bhardwaj, and D. Jamal, “Prevention of Metallic Corrosion by Some Salts of Benzoic 
Hydrazide Under Vapor Phase Conditions”, Indian Journal of Chemical Technology, 12(2005),  
p. 93. 

[14] D-Q. Zhang, L-X. Gao, and G-D. Zhou, “Polyamine Compound as a Volatile Corrosion Inhibitor for Atmospheric 
Corrosion of Mild Steel”, Materials and Corrosion, 58(2007), p. 594. 

[15] E. Khamis and N. Al-Andis, “Herbs as New Type of Green, Inhibitors for Acidic Corrosion of Steel”, 
Materialwissenschaft and Werkstofftechnik, 33(2002), p. 550. 

[16] N. Poongothai, P. Rajendran, M. Natesan, and N. Palaniswamy, “Wood Bark Oils as Vapor Phase Corrosion 
Inhibitors for Metals in NaCl and SO2 Environments”, Indian Journal of Chemical Technology, 12(2005), p. 641. 

[17] P. Premkumar, K. Kannan, and M. Natesan, “Thyme Extract of Thymus Vulgar L. as Volatile Corrosion Inhibitor 
for Mild Steel in NaCl Environment”, Asian Journal of Chemistry, 20(2008), p. 445. 

[18] P. Premkumar, K. Kannan, and M. Natesan, “Natural Thyme Volatile Corrosion Inhibitor for Mild Steel in HCl 
Environment”, Journal of Metallurgy and Material Science, 50(2008), p. 227. 

[19] M. A. Quraishi, J. Rawat, and M. Ajmal, “Macrocyclic Compounds as Corrosion Inhibitors”, Corrosion, 54(1998), 
P. 996. 

 


