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ABSTRACT 
The inhibition effect of Dimethylaminobenzylidene acetone (DMABA) on mild steel corrosion in 1M phosphoric 

acid (H3PO4) was investigated by weight loss, potentiodynamic polarization and electrochemical impedance 

spectroscopy (EIS) techniques. The results showed that DMABA was a potential mild steel corrosion inhibitor in 

phosphoric acid solution and a maximum inhibition efficiency (IE %) achieved was 94.9% at the concentration of 

0.04 %( w/v) for the immersion period of 12h.  Temperature study was carried out and thermodynamic parameters 

such as change in enthalpy (∆Hads), change in entropy (∆Sads) and change in free energy (∆Gads) were calculated. 

Adsorption of DMABA on the mild steel surface in 1M phosphoric acid obeyed the Temkin adsorption isotherm. 

EIS measurements showed an increase in charge transfer resistance (Rct). Potentiodynamic study showed it as a 

mixed type of inhibitor, controlling both the anodic and cathodic reactions.  Surface analysis by FTIR and SEM 

confirmed the formation of protective coating on the mild steel surface. 
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INTRODUCTION 
Mild steel is widely used in various industries .Corrosion inhibitors are used in industry to reduce the 

corrosion rate of different metals and alloys which are in contact with aggressive environments
1
. For 

many years the use of pickling inhibitors in descaling baths in the steel industry after hot rolling using 

mineral acids has proved to be effective. A number of organic compounds are used as corrosion inhibitors 

for steel in acidic environments
2-10

. Such compounds typically contain nitrogen, oxygen or sulphur in a 

conjugated system and function via adsorption of the molecules on the metal surface, creating a barrier to 

corrodent attack.  

   

Phosphoric acid and the mixture is frequently used as pickling solutions for the purpose of cleaning and 

electropolishing
11

.Phosphoric acid is widely used in phosphatic fertilizer production, fuel cells, and 

storage batteries and for etching enamel surfaces used for orthodontic attachments
12 

. The increasing 

interest in the manufacture of phosphoric acid has created the need for obtaining information on the 

corrosion resistance of mild steel to phosphoric acid attack. Only a few papers have been devoted to 

investigate on the inhibition of mild steel corrosion in phosphoric acid
13-18

. 

Despite the broad spectrum of organic compounds, the final choice of the appropriate inhibitor for a 

particular application is restricted by several factors. Consequently there is a need to develop a new class 

of corrosion inhibitors with good efficiency. The present objective is to investigate the inhibitory property 

of the synthesized inhibitor, 4-(4-dimethylaminophenyl)-3-buten-2.-one otherwise known as para-

Dimethylamino benzylidene acetone (DMABA) as mild steel corrosion inhibitor in phosphoric acid 

medium. Dimethylaminobenzylidene acetone will be a promising inhibitor due to the presence of hetero 

atoms nitrogen and oxygen with conjugated aromatic ring.  

 



 
Vol.4, No.2 (2011), 251-263 

DMABA AS CORROSION INHIBITOR                                                                                                                        R. Saratha and  R. Meenakshi 

 
252 

EXPERIMENTAL 
Synthesis of DMABA 

The inhibitor was synthesized in the laboratory in accordance with the     modified method given 

by Sachs and Levin IB
19

. A mixture of p-dimethylamino benzaldehyde (1) (7.45g or 0.05mole, Merck) 

and acetone (2) (20ml or 0.274mol, Merck) were taken in 50ml of absolute alcohol, placed in an ice bath 

and mechanically stirred. Sodium hydroxide (12.5 g) dissolved in 50 ml of water was added slowly, in 

drops. Stirring is continued for several hours. A yellow solid (3), dimethylamino benzylidene acetone was 

obtained and kept aside overnight. Filtered under vacuum, washed with water thoroughly to remove alkali 

completely (testing the filtrate with phenolphthalein indicator), and dried. The crude product obtained was 

recrystallized using ethanol. 
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Scheme-1: Schematic representation of synthesis of DMABA consists Fig.-1(1 and 2) and Fig.-2(3) 

 

Test for purity was done by thin layer chromatography (TLC) .The Rf. values of 0.6364 and 0.7273 are 

obtained for dimethylamino benzaldehyde (1) and DMABA(3) respectively in the eluting solvent with the 

composition of 1:10 ethyl acetate and benzene. The purity is further confirmed by its m.pt (132ºC±1ºC) 

and FTIR spectral data (KBr pellet method, FTIR Shimatzu IR Affinity1 model). 

 

FTIR spectral data of dimethylamino benzaldehyde 

IR peaks of the starting material, 4-(N, N-Dimethylamino)benzaldehyde at positions 724 cm
-1 

and
 

809.96 cm
-1 

are
 
due to C-H deformation and C-H out of plane def .of p-isomer respectively. The peaks at 

positions 1063.99, 1229.51 and 1366.21 cm
-1 

correspond to C-H def., C-N str., and C-Ostr.respectively. 

The peaks at 1529.49 and1586.88 cm
-1

 are due to C=C str. of aromatic ring and 1658.14 cm
-1

 corresponds 

to C=O str. of aromatic aldehyde with +M group at para position.  

FTIR spectral data of dimethylamino benzylidene acetone 
IR peaks of the product (DMABA) at positions 2906 and 2818 cm

-1
 are due to  C-H stretching 

mode of methyl /methylene group. The peak at 1673 cm
-1

 corresponds to C=O stretching of α, β- 
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unsaturated ketone. Peaks at 1523 and 1529 cm
-1

are assigned to aromatic C=C stretching. The peak at 

1362 cm
-1 

is assigned to C-H bending of methyl ketone.  The peak at 1232 cm
-1 

is due to C-N and C-O 

stretching. The peak at 805 cm
-1 

is due to C-H deformation of p- substituted benzene
20-22

. 

From the FTIR spectral data it is clear that the formation of the product DMABA is indicated by shift in 

the peak position of C=O  from 1690 cm
-1

 to lower value of 1673 cm
-1

. The peak at 1362 cm
-1 

due to C-H 

bending of methyl ketone is yet strong evidence in favour of  the formation of the product DMABA. 

Preparation of specimen  

Experiments were performed with commercial grade mild steel sheets available in the local 

market having weight percentage composition of C = 0.039, S=0.028, Si=0.19, P=0.017, Mo=0.006, 

Ni=0.012, Mn=0.272, Cr=0.021and Fe=99.4. The mild steel sheet was cut into samples of size 1 X 5 X 

0.2 cm.  The samples were polished with different grades of emery papers, degreased with acetone, 

washed with double distilled water, dried and kept in desiccators for further studies. 

Preparation of 1M phosphoric acid solution and inhibitor solution 
Ortho Phosphoric acid (Merck) was standardized following the procedure given by I. Vogel

23
. 1M 

phosphoric acid solution was prepared using de- ionized water. 

1 g of DMABA was dissolved in 1 L of 1M phosphoric acid and was taken as    stock solution. Solutions 

of various concentrations ranging from 0.01-0.05 %   (w/v) were prepared from this stock solution. 

 

Weight loss measurement               

The weight loss measurements enable us to illustrate the importance of the environment in the process of 

rusting. Experiments were carried out at room as well as at elevated temperatures as temperature can 

modify the interaction between the mild steel and the acid in the presence of inhibitor. The mild steel 

specimens were pre-weighed using electronic balance Shimadzu AUW 220 model. The mild steel 

specimens were suspended in triplicate with a help of a glass hook in 100 ml of 1 M phosphoric acid 

solution in the presence and absence of inhibitor of different concentrations under varying immersion 

times (1h, 3h, 7h ,12and 24 h) at room temperature. The specimens were removed after specified time 

intervals, dipped in sodium bicarbonate for neutralization of residual acid remaining on the surface of the 

specimen. The specimens were washed with distilled water, dried and reweighed.  

The experiment was conducted at higher temperatures for a immersion period of 1hour in the 

presence and absence of inhibitor in 1M phosphoric acid using the thermostat set to the temperatures of 

303K, 313K, 323K, 333K and 343K. The percentage inhibition efficiency (IE %) for various 

concentrations of the inhibitor was calculated using the equation (1). 

 

  IE% = (CR0 –CR) / CR0                                                                    (1) 

Where, CR0 and CR are the corrosion rates of mild steel in 1M phosphoric acid in the absence and 

presence of inhibitor. 

Electrochemical measurement 

Polarization studies 
A frequency response analyzer 1280 B (Solatron) with inbuilt IBM personal computer which 

automatically controls linear polarization and Tafel polarization was used for the polarization study. The 

working electrode was a mild steel specimen (area of 1 cm²) .The surface of the mild steel specimens 

(area of 1cm²) was mechanically polished and degreased with detergent. The saturated calomel electrode 

and the platinum foil were used as reference electrode and counter electrode. The inhibition efficiency (IE 

%) was evaluated from the Potentiodynamic polarization data using the formula (2). 

IE% = ( ICorr –I`Corr)  / ICorr                                                               (2) 

Where- 

 ICorr    = corrosion current density in the absence of the inhibitor 

I`Corr   = corrosion current density in the presence of the inhibitor.    

Impedance measurements 
Electrochemical impedance spectroscopy (EIS) was carried out using frequency analyzer 1280 B 

(Solatron) with inbuilt IBM personal computer. After the determination of steady state current at a given 
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potential, sine wave voltage (10mV) peak to peak, at various frequencies between 20 kHz and 0.1 Hz 

were superimposed on the rest potential. Computer programs automatically controlled the measurements 

performed at rest potential after 2 min of exposure. The impedance diagrams are given as Nyquist plots. 

The inhibition efficiency is calculated from the values of impedance resistance,Rp using the formula (3). 

 

IE% (Rp values) =( Rp– Rpo) /   Rp                                                                      (3) 

 

Rp and Rpo are the impedance resistances in the presence and absence of the inhibitor respectively.The 

inhibition efficiency is calculated from the values of double layer capacitance, Cdl using the formula 

IE% (Cdl values) = Cdlo – Cdl / Cdlo                                                                  (4) 

Cdlo and Cdl   are double layer capacitances in the absence and presence of the inhibitor respectively. 

 

Surface analysis 
Scanning Electron Microscopy (SEM, JSM-6360) was used to study the surface morphology of 

corroded mild steel surface in the presence and absence of the inhibitor, DMABA. Then the surfaces of 

the specimens were scrapped and the resulting powders were used to take FTIR spectra (KBr pellet 

method and model Shimadzu IR Affinity1). 

 

RESULTS AND DISCUSSION 
Effect of varying immersion period and concentration 

Increasing immersion period from 1 to 3 h showed a small increase in inhibition efficiency for 

each concentration studied. But an appreciable increase is noticed at the immersion period of 7 h and 

extending the immersion period to 12 h results in the maximum efficiency. Highest inhibition efficiency 

of 94.9 % was recorded at the concentration of 0.04 % (w/v) for the immersion period of 12h. Then 

decreasing trend was observed. This is depicted in the Fig.3.   

Effect of temperature 
The influence of temperature on percentage inhibition efficiency was studied by conducting 

weight loss measurements at 303–343 K containing different concentrations of DMABA and is given in 

Table1.It is evident from the Table 1 that the inhibition efficiency increases linearly with increasing 

temperature of the corrosion medium from 303 to 333 K for every concentration studied except 0.05% 

DMABA solution and then decreases with further rise in temperature. 

Thermodynamic parameters 

Thermodynamic parameters are essential to explain the role of inhibitor in bringing down the 

corrosion rate of mild steel dissolution in acid medium. Various thermodynamic parameters such as 

Activation energy (Ea), free energy change (∆Gads), Enthalpy of adsorption (∆Hads ) and Entropy of 

adsorption (∆Sads ) are calculated  from appropriate graphs. Temperature study data was used to draw 

Arrhenius plot (Fig .4) and Transition State plot (Fig.5). Arrhenius plot is obtained by plotting log 

(corrosion rate) against 1/T.   

Activation energy (Ea) is calculated from the slope values of Arrhenius plot using the relation, 

Ea=2.303*R *slope/1000 kJ/mol and tabulated (Table2).   

Activation energy (Ea) of the blank (acid with out inhibitor) is higher than that of the acid containing 

inhibitor. The same phenomenon is observed by several authors.  They explained such observation on the 

basis of   chemisorptions of the inhibitor
25-27

.The inhibitor molecule adsorbs on the metal surface and 

occupies more active centers which accelerate corrosion. The adsorbed inhibitor forms a protective 

coating through chemical bonding using the free pair of electrons on nitrogen, oxygen and aromatic ring 

with the metal atom. 

Transition State plot is obtained by plotting log (corrosion rate/T)   against 1/T  

The slope of the straight line(Fig.5) is equal to ∆Hads/2.303R and intercept is equal to  [log(R/Nh) 

+∆Sads/2.303R]. ∆Gads values are obtained using the relation,  

∆Gads = ∆Hads- T∆Sads where T is the temperature (303K) and given in Table2. Negative values of ∆Gads 

show spontaneity of adsorption and stability of the adsorbed layer.  Negative values of ∆Hads show 
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exothermic nature of metal dissolution process. Negative ∆Sads values of entropies imply that the activated 

complex in the rate determining step represents an association rather than a dissociation step, meaning 

that a decrease in disordering takes place on going from reactants to the activated complex. 
Adsorption isotherms 

Adsorption isotherm values are important to explain the mechanism of corrosion inhibition of 

organo-electrochemical reactions. Temkin adsorption isotherm equation is (5). 

 

                            e
aθ

  = KC                                                                    (5)             

Where, θ = surface coverage   C=concentration of the test solution. K is the equilibrium constant of 

adsorption and ‘a’ is the molecular interaction constant. Temkin adsorption isotherm (Fig.6) is obtained 

by plotting θ against log C. 

If the molecular interaction constant ‘a’, is greater than zero (a> 0), there exists a strong attraction 

between the metal surface and the inhibitor and if ‘a’ is less than zero (a < 0) it means repulsion.  From 

Table 3 it is clear that the values of ’a’ are higher and positive, indicates stronger molecular interaction 

between the metal and the inhibitor. 

 

Polarization Studies 
The changes in corrosion potential after the addition of the inhibitor are useful indication of 

whether the anodic reaction of metal dissolution or cathodic reaction of hydrogen ion reduction or both 

the reactions are retarded. To evaluate the effect of the inhibitor on the electrochemical behaviors of mild 

steel, polarization experiments were carried out. The Potentiodynamic curves are shown in the Fig.7.The 

electrochemical corrosion parameters such as corrosion current  

(Icorr ),corrosion potential (Ecorr) and inhibition efficiency (IE%) obtained from Potentiodynamic 

polarization are given in the Table 4. 

As the corrosion potential (Ecorr) values given in Table 4 are not much away from that of the blank (a 

difference of ±80 mV is allowed) it reveals the mixed mode of inhibition. That is both the anodic and 

cathodic reactions are retarded. The values of anodic Tafel slope (βa) and cathodic Tafel slope(βc) are 

varying from that of the blank suggests that the inhibitor affects both the mechanisms of anodic 

dissolution of metal as well as cathodic reduction of hydrogen ion. The decrease in the Icorr, value in the 

presence of the inhibitor confirms the adsorption and inhibitive nature of inhibitor.  

Electrochemical Impedance spectroscopic studies 
The impedance data are obtained from Nyquist plots. The adsorbed inhibitor forms a barrier and 

impedes charge transfer. Fig. 8 shows Nyquist plots obtained in the presence and absence of inhibitor and 

Table 5 gives the impedance parameters. It is seen that Rp values increase in the presence of inhibitor 

though not showing a regular increase. At the optimum concentration of 0.04% a maximum increase in Rp 

is noted. The double layer capacitance, Cdl values are varying in the same manner as do Rp values. The 

diameter of the semicircles increase with concentration, shows increase in the thickness of the protective 

layer and a decrease in the dielectric constant of the solution. Maximum decrease in Cdl, value is recorded 

at 0.04% of DMABA which results from an increase in thickness of electrical double layer due to 

adsorption at the metal –solution surface. Thus the change in Cdl values is caused by the gradual 

replacement of water molecules by the adsorbent molecules on the metal surface, decreasing the extent of 

metal dissolution. 

There is a single peak in Bode plot (Fig.9) which shows that the electrochemical impedance 

measurements were fit well in one time constant equivalent model (Randle’s cell model) with constant 

phase element (CPE). Moreover, there is only one phase maximum in Bode plot (Fig.9), indicates only 

one relaxation process, which would be the charge transfer process taking place at the metal- electrolyte 

interface.  

Surface analysis by FTIR 

The peaks at 1529.71 cm
-1

 (C-H str), 1583.01 cm
-1

 (C=C str) and 1673.52 cm
-1

 (C=Ostr of α,β -

unsaturated ketone) obtained for DMABA compound were shifted to lower frequency of 1523.22 cm
-

1
,1542.96cm

-1
,1560,cm

-
1,1637cm

-1
 and 1654 cm

-1
for mild steel specimen immersed in 1M phosphoric 
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containing the inhibitor. This indicates chemisorptions of inhibitor through carbonyl oxygen and 

formation of protective coating on the surface. A strong absorption peak at 705 cm
-1

 is due to C-H 

deformation of cis –isomer and Fe –O str., confirms the interaction between Fe 
2+

 and carbonyl oxygen 

atom of DMABA. FTIR spectrum of  mild steel specimen in 1 M H3PO4 shows peaks at 1265 cm
-1

 (P=O 

str) and 2785-2954 cm
-1

 (P-O str) and while mild steel specimen immersed in 1 M H3PO4 containing 

DMABA shows the peaks for P=O str  and P-O str but with the shift to lower values.  

Scanning Electron Microscopic (SEM) analysis 

The SEM micrographs of the corroded and protected mild steel specimen are shown in the 

Fig.10.and Fig.11. It is clear from the micrograph (Fig.10) that the surface of the mild steel was extremely 

corroded in 1 M phosphoric acid whereas in Fig.11 there is a disappearance of deep cracks and protected 

owing to the formation of thick layer of adsorbed inhibitor on the mild steel.  

Mechanism of inhibition 

In acid solution, the iron metal reacts with acid, dissolves and giving Fe
2+

 ion and hydrogen gas. 

The resulting Fe
2+

 ion coordinates with water molecules as Fe (H2O)x. 

The anodic reaction-  

Fe + xH2O + 2H
+
 →Fe

2+
H2O)x + H2 

 

At the metal- acid solution interface the lone pair of electrons on carbonyl oxygen of DMABA reacts with 

Fe
2+

 ions to form a complex as oxygen is more electronegative. The complex acts as a barrier by forming 

a thin protective film between the metal surface and the acid solution .Thus the anodic dissolution is 

controlled by the adsorbed inhibitor molecules.   It is shown in Fig.12. 

Reaction at cathode- 

Fe + H
+           slow

            [  FeHads]
+
 

 

[ FeHads]
+
 + H

+
+ e      →                 Fe +H2 

 

Fe            →                   Fe
2+ 

 + 2e 

 

In general the metal surface will be negatively charged during dissolution of metal according to the 

equation (4a). These two free electrons are supposed to be on the metal surface for a short duration. The 

negatively charged surface adsorbs the protonated inhibitor species of DMABAH
+
 as well as H

+
ions from 

the
 
acid medium. As the inhibitor species DMABAH

+
 are comparatively larger in size than that of H

+
, 

covers more active centers on the metal surface and reducing the number of active sites available for the 

adsorption of H
+
. Thus the rate of the reactions 2a is controlled and as a result cathodic reduction is 

controlled. 

CONCLUSION 
• The inhibitor Dimethylamino benzylidene acetone (DMABA) is an efficient corrosion inhibitor 

for mild steel corrosion in 1M phosphoric acid. 

• The inhibition efficiency of 94.9% is obtained at the concentration of 0.04% of DMABA (w/v). 

• The inhibition efficiency increases with increasing temperature up to 323K. 

• The high negative values of ∆Hads confirm exothermic nature of dissolution process  

• Negative ∆Sads shows association during complex formation rather than dissociation. 

• Negative ∆Gads   shows that spontaneous adsorption of inhibitor. 

• The molecular interaction is stronger as the adsorption of the inhibitor obeys Temkin adsorption 

isotherm with high regression coefficient. The inhibition was assumed to occur via adsorption of 

the inhibitor molecule on the metal surface. 

• Potentiodynamic studies indicate the inhibitor is of mixed type. 

• FTIR spectra reveal the formation of Fe-O bonding which acts as protective coating. 

• SEM analysis confirms the effectiveness of inhibition of mild steel corrosion in acid medium. 
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Table-1: Effect of temperature on inhibition efficiency of DMABA in 1 M H3PO4. 

 

 

 

 

 

 

 

 

 

 

 

Table -2: Arrhenius and Transition state parameters for DMABA in 1 M H3PO4 

 

Conc.(%w/v)/ 

parameters 

-Ea 

kJ/mol 
-∆Hads    kJ/mol -∆Sads      kJ/mol 

-∆Gads kJ/mol at 

303 K 

blank 50.0085 47.3088 26.0267 39.4227 

0.01 42.6732 39.9946 0.05882 16.3059 

0.02 39.1023 36.4236 0.07097 18.7569 

   0.03 36.9942 34.3155 0.0777 15.572 

0.04 43.0504 40.3717 0.06057 10.6677 

0.05 41.1625      38.4858 0.06548 14.296 

 

 

Table-3: Temkin parameters for DMABA in 1M phosphoric acid 

 

Temperature  K Slope values Intercept ‘a” parameter 

303 0.1172 0.8388 20.04352 

313 0.1125 0.9161 20.47111 

323 0.19 1.0832 12.12105 

333 0.1019 0.956 16.04878 

343 0.1267 0.9556 14.86766 

 
Table-4: Potentiodynamic polarization parameters for DMABA in 1M H3PO4. 

 

Conc%w/v 

 

ECorr 

-mV 

 

ICorr 

µ A cm
-2 

 

βa mV 

 

βc mV 

Inhibition 

efficiency 

(IE%)of Icorr  Values 

Blank  558.11 8879.4 412.41 519.92    - 

0.01 533.68 1448.6 161.92 212.16 83.69 

0.02 526.79 1053.1 144.16 196.75 88.14 

0.03 524.47 1116.4 149.17 200.51 87.43 

0.04 522.91 885.56 144.55 202.8 90.03 

0.05 523.12 972.81 147.77 196.7 89.04 

 

 

Concentration 

%(w/v) 

                       Inhibition Efficiency (%)  

 

303 K 313 K 323 K 333 K 343 K 

0.01 60.82 68.83 71.2 75.3 69.55 

0.02 64.62 73.18 74.6 78.01 75.02 

0.03 65.01 74.21 78.6 80.35 77.08 

0.04 68.46 75.76 83.1 81.28 77.08 

0.05 66.01 73.3 82.6 78.09 75.34 
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Table-5: Impedance parameters for DMABA in 1M phosphoric acid 

 

 

 

 
Fig.-3: Effect of variation in immersion period on inhibition efficiency of DMABA in 1M   phosphoric acid 
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Fig.-4: Arrhenius plot for DMABA in 1M phosphoric acid 

 

Concentration(%w/v) 

Cdl   

 µF cm
-2

              

Rp 

Ohms cm
-

2
 

Inhibition 

Efficiency 

(IE% of Rp) 

Inhibition 

Efficiency 

(IE% of Cdl) 

Blank 166.45 8.4985 - - 

0.01 110.94 29.258 63.14 33.35 

0.02 103.41 36.213 70.22 37.87 

0.03 122.05 35.413 69.55 28.02 

0.04 91.28 43.771 75.36 45.16 

0.05 119.52 39.751 72.87 26.13 
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Fig.-5:   Transition State plot for DMABA in 1M phosphoric acid 

 

 

 

0.6

0.65

0.7

0.75

0.8

0.85

0.9

-2.5 -2 -1.5 -1 -0.5 0

Log C

T
h

e
ta

 

303 K 313 K 323 K 333 K 343 K

 
              

Fig.-6: Temkin adsorption isotherms for DMABA in 1M H3PO4acid 

 



 
Vol.4, No.2 (2011), 251-263 

DMABA AS CORROSION INHIBITOR                                                                                                                        R. Saratha and  R. Meenakshi 

 
260 

 
Fig.-7: Potentiodynamic polarization plot for DMABA in 1Mphophoric acid 

 

 
Fig.-8:  Nyquist plots for DMABA in 1M phosphoric acid 
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Fig.-9: Bode plots for DMABA in 1M phosphoric acid 

 

 
                       

Fig.-10: SEM image of mild steel immersed in1M phosphoric acid 
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Fig.-11: SEM image of mild steel immersed in 1M phosphoric acid with 0.04% DMABA 
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Fig.-12: An interaction between Fe
2+

ion and carbonyl oxygen atom of the inhibitor. 
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