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ABSTRACT 

CORROSION STUDY OF IRON USING PIPERAZINE 
DERIVATIVES AS INHIBITORS 

by 

Charles W. Williams 

The corrosion of iron by HC1 using cyclic poly- 

ethyleneimines as inhibitors has been done many times. 

Piperidine, a cyclic six membered ring C_H._NH has at- 
5 10 

tracted the most attention as an inhibitor because of 

the high basicity and lack of strain on the bonds in 

the ring. Piperazine, a cyclic six membered ring C^H^N^H^, 

has not been studied as a corrosion inhibitor. This 

poor base and some of its simple derivatives were chosen 

to study as inhibitors because of the possibility of dual 

adsorption through both nitrogen sites. 

It was concluded that the piperazine derivatives ad¬ 

sorbed vertically to electrode surface with small concen¬ 

trations (less than 5mM) of inhibitor while at higher con¬ 

centrations (greater than 25mM) adsorption was horizontal 

(i.e. through both nitrogen sites). Inhibitor efficiency 

was directly related to molecular coverage, stability of 

the ammonium cation and, to a lesser extent, the basicity 

of the inhibitor studied. 

A new method was used to calculate corrosion rates 

but proved ineffective in interpreting individual electrode 

behavior. 
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CHAPTER I 

INTRODUCTION 

A metal corroding in contact with a solution contain¬ 

ing oxidizing agents acquires a potential, Ecorr' 
at which 

the anodic current due to metal dissolution, i , is 
corr 

equal to the cathodic current due to the reduction of the 

oxidizing agent. If a potential E, other than Ecorr' is 

applied to the metal, a net current i will flow because 

the anodic and cathodic partial currents are no longer 

equal. The i versus E relationship describes a polariza¬ 

tion curve having the mathematical form 

1=1 expj 
corr 1 E - E \- i exp/ E - El 

corr| corr | corr 
0.434 b I l 0.434 b (1) 

Here b = anodic Tafel slope 
a 

b = cathodic Tafel slope 
c 

These two constants are usually equal to some small mul¬ 

tiple of submultiple of 2.303 RT/F (1). 

E is the potential at which the curve crosses the 
corr 

i = 0 axis, i.e., the open circuit potential. The corrosion 

current, i , can be determined using many methods, however 
corr 

we shall concentrate on the Stern-Geary method (2-4). From 

the first equation the gradient at E is found to be (5) 
corr 

(1) 
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Thus if the Tafel slopes are known then i may be 
corr 

determined. The disadvantage in this piperazine study is 

b and b may vary by 10-30 mv/dec causing a good deal of 
cl C 

error in i 
corr 

Mansfeld and Oldham proposed a graphical method of 

calculating corrosion rates without knowing both Tafel 

slopes (6). This method does not require knowing the polar¬ 

ization curve in the vicinity of E but it enables those 
corr 

regions of the polarization curve that are useless in all 

other methods to be used to determine the corrosion current. 

Reference to Fig. 1 will clarify the stages in this 

new method, a description of which follows: 

1) select a potential difference D = E - E on 
corr 

the polarization curve which is positive and negative to the 

corrosion potential. 

2) the difference between the potential difference on 

the polarization curve and the i = 0 axis is known as i (i 
a 

for anode and i for cathode). After i and i are deter¬ 

mined, the geometric mean is computed by \JdTTj. 

3) tangents are drawn through the points on the polar¬ 

ization curve that corresponds to the potential difference. 

The difference between these points lying on the i = 0 axis 

and the intersection of the tangents at i = 0 is computed 

and called the absolute potential difference D + D 
a c 

4) the term is computed and the value is 

D 
a 

located in column I of Table I. 
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5) the corresponding value from column II is deter¬ 

mined and finally multiplied byYLaic giving icorr > the 

corrosion current. 

TABLE I* 

Column I Column II Column I Column : 

D + D 
|Dal !DCI 

1corr D + D 

Pal Pc' 

1corr 

^aic Vi-ai-c 

2.02 2.87 3.50 0.217 
2.04 2.02 3.60 0.193 
2.06 1.64 3.70 0.181 
2.08 1.41 3.80 0.170 
2.10 1.25 3.90 0.160 
2.15 1.01 4.00 0.151 
2.20 0.86 4.20 0.139 
2.25 0.76 4.40 0.119 
2.30 0.68 4.60 0.107 
2.35 0.62 4.80 0.096 
2.40 0.57 5.00 0.086 
2.45 0.53 5.20 0.077 
2.50 0.495 5.40 0.069 
2.60 0.438 5.60 0.062 
2.70 0.393 5.80 0.056 
2.80 0.356 6.00 0.051 
2.90 0.325 6.50 0.0392 
3.00 0.299 7.00 0.0304 
3.10 0.276 7.50 0.0236 
3.20 0.255 8.00 0.0184 
3.30 0.237 8.50 0.0143 
3.40 0.221 

* Values from Table I are determined mathematically from 

equation (1). Since this derivation may be found in the 

literature it will not be repeated here (6). 
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The effectiveness of this method was determined by 

studying various cyclic polyethyleneimines. The structure 

effect of cyclic polyethyleneimines (CHj) NH containing 

two to fourteen methylene groups has been studied rather 

extensively (7,8). Although the study of piperidine (n = 

5) has been done frequently the study of piperazine, a cyclic 

diimine , has not been attempted. 

In this study, the structural effect of piperazine and 

a few of its derivatives on corrosion inhibition was studied. 

Since there is little or no strain in the piperazine ring, 

effect of the ring strain on its efficiencies seems to be of 

little importance. 

The corrosion rate of iron was determined in 6.00 N HC1 

solution by galvanostatic polarization measurements. The in¬ 

hibition effects of these imines on cathodic and anodic par¬ 

tial reactions 

2H+ + 2e“ Hî Fe —»Fe++ + 2e“ 
2 

were obtained from cathodic and anodic polarization curves. 

The data from Table III were discussed on the basis of the 

concept of general adsorption (9). 
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CHAPTER II 

EXPERIMENTAL 

The inhibitors shown in Table II were dissolved in 6.00 N 

HC1 which was prepared by diluting reagent grade concentrated 

HC1 solution with doubly distilled water. 

A pyrex glass cell of 250 ml capacity was used for the 

polarization measurements. The use of grease, rubber tubing, 

lubricants, etc... was avoided in order to help eliminate 

solution contamination. Fig. 2 gives a pictorial represen¬ 

tation of the cell. 

Pure iron wire (99.95% with 0.125 cm diameter) was im¬ 

bedded in polyethylene then fixed to a glass tube so that 

2 
only 1 cm of the wire was exposed to the corrosing environ¬ 

ment. Each electrode was made immediately before use thus 

limiting corrosion of the wire during storage. After the 

electrode was assembled the wire was washed with acetone, then 

electropolished for two minutes in 80:20 acetic acid: 70% 

phosphoric acid mixture. This was immediately followed by a 

thorough rinsing with doubly distilled water. Finally the 

electrode was immersed in the cell as the inhibitor solution 

was being deaerated with pure nitrogen. 

After the electrode was immersed in the 6.00 N HC1 a 

period of 1-3 hours was required for steady open circuit pot¬ 

ential (see Fig. 3). Three different concentrations (5, 15, 

and 25mM) were chosen for each inhibitor and each concentration 

was rerun three times. To show the consistency and reproduc- 
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0 
PIPERAZINE 

TABLE II 

0 
PIPERIDINE 

N-PHENYL-PIPERAZINE 

CH 

N-METHYL-PIPERAZINE 

2-METHYL-PIPERAZINE 

NIPECOTAMIDE 

CH2-CH2-NH2 

0 
N-(2 AMINQETHYUPIPERAZINE 

O 
HOMOPIPERAZINE 

CH2-NH2 

0 
4-AMINOMETHYLPIPERIDINE 

CH^-CH^-N^ 

0 
N-(2 AMINOETHYUPIPERIDINE 



Fig. 2 
8 

A pictorial representation of the electrochemical cell 
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ibility of the data three runs were made with 6.00 N HC1 

with no inhibitor present. The Tafel plots of these runs 

are shown in Fig. 4. 

After the open circuit potential was determined small 

amounts of current were allowed to pass through the solution 

until the maximum current supplied by the source (90 volt 

cell) was going to the working electrode. These small 

amounts of current could be controlled very efficiently by 

the use of a resistance box. This resistance box consisted 

of different values of variable resistor potentiometers 

connected in series, e.g., 0-1 kiloohm thru 0 - 100 mega¬ 

ohm. 
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CHAPTER III 

RESULTS 

The results of these polarization measurements are 

interpreted by both Tafel plots and the graphical method. 

Both of these methods are illustrated in Fig. 1 and Fig. 

4 by using 6.00 N HC1 with no inhibitor present. The iron 

dissolution reaction is characterized by an anodic Tafel 

slope of 85 + 10 mv/decade. The cathodic Tafel line, corr¬ 

esponding to the hydrogen evolution reaction, has a slope 

of 120 + 10 mv/decade. The values of corrosion current, 

corrosion potential and Tafel slopes are in good agreement 

with those obtained by Kelly (10), Aramaki (11), and Justice 

(12) . 

Hydrochloric acid solutions (6.00 N) containing various 

concentrations of inhibitors were prepared and used for in¬ 

hibitor evaluation. Fig. 5 thru 10 gives the polarization 

curves for acid solutions containing these inhibitors. Pol¬ 

arization data for inhibited as well as uninhibited solutions 

of HC1 are summarized in Table III. 

Fig. 11 shows the total inhibition efficiency, 1^, plot¬ 
ted against different concentrations of inhibitors used. 

Total inhibition efficiency is defined as I = 1 - i 
T corr 

i o 
corr 

where i and i o are the corrosion currents for inhib- 
corr corr 

ited and uninhibited electrode. 
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DEFINITION OF TERMS FOR TABLE III 

b 
a 

anodic Tafel slope 

b 
c 

cathodic Tafel slope 

i * 
corr* 

corrosion current determined by Tafel method 

1corr** 
corrosion current determined by graphical method 

E 
corr 

steady open circuit potential 

** 
total inhibition efficiency 

XA 
anodic inhibition efficiency 

*c 
cathodic inhibition efficiency 

i 
a 

anodic partial current determined by Tafel method 

i 
c 

cathodic partial current determined by Tafel method 

A molecular coverage area 
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TABLE III 

b b i *! i ** 
a c corr corr 

(+10 mv/decade) (ua/cm^) 

6.00 N HC1 87 124 1900 1820 — 

(1) N-phenylpiperazine 72 120 350 330 82 

(2) N-methylpiperazine 79 119 950 1000 50 

(3) 2-methylpiperazine 85 118 850 800 55 

(4) piperazine 79 116 760 815 60 

(5) homopiperazine 73 110 560 540 71 

(6) piperidine 90 122 800 770 58 

(7) N-(2aminoethyl)- 
piperazine 94 124 300 - 84 

(8) N-(2aminoethyl ) - 
piperidine 90 110 390 - 80 

(9) 4-aminomethylpiperidine 
92 112 360 - 81 

(10) N,N'Bis (3aminopropyl)- 
piperazine 72 123 75 - 96 

(ID 4,4'trimethylenedi- 
piperidine 85 156 40 - 98 

(12) nipecotamide 79 118 1200 - 37 

n-propylamine (2 moles) 
plus piperazine (1 mole) 

88 130 220 89 

N-phenylpiperidine 78 113 600 - 68 

* calculation by Tafel method 

** calculation by graphical method 

! icorr represents the mean of three runs at 25mM 

E 
corr 
(mv) 

440 

477 

450 

459 

460 

468 

442 

451 

446 

444 

440 

478 

440 

455 

449 
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TABLE 

pKa 

Cl) N-phenylpiperazine 8.5 

(2) N-methylpiperazine 9.0 

(3) 2-methylpiperazine 9.6 
5.5 

(4) piperazine 9.8 
5.5 

(5) homopiperazine 10.4 
6.7 

(6) piperidine 11.2 

(7) N-(2aminoethyl) - 
piperazine — 

(8) N-(2aminoethyl)- 
piperidine — 

(9) 4-aminomethyl- 
piperidine — 

(10) N,N'Bis (3-amino- 
propy1)piperazine 

(11) 4,4'trimethylenedi- 
piperidine — 

(12) nipecotamide — 

* see reference 23 

(cont*d) 

i 
a 

i 
c 

A IA/A 
(x 1000) 

90 1150 190 1060 457 

61 1400 750 540 490 

63 1400 700 49Q 540 

67 1450 620 440 580 

82 1000 340 755 630 

65 1100 660 450 107 

88 380 240 - - 

85 500 300 - - 

84 480 310 - - 

— - - 1470 - 

— - - 1530 - 

_ 620 

III 

* ^ 

49 

27 

27 

26 

48 

48 

80 

74 

75 

note that all concentrations are 0.025 M 
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DATA FOR GRAPHICAL METHOD 

D Da Dc a lc 1corr 

(mv) (mv) (mv) (ma) (ma) (ua/cm^ 

6.00 N HC1 80 42 48 10.5 8.3 1820 

(see Fig. 1) 120 59 48 19.9 18.9 1870 

Homopiperazine 80 34 39 6.5 3.3 540 

(see Fig. 5b) 120 29 53 22.5 6.5 480 

N-Methylpiperazine 80 40 50 6.75 4.0 1000 

(see Fig.6b) 100 38 41 15.0 10.1 1040 

N-Phenylpiperazine 60 17 26 8.8 4.1 330 

(see Fig. 7b) 80 19 35 14.5 7.5 405 

Piperazine 80 29 39 11.9 5.7 780 

(see Fig. 8b) 100 30 41 21.5 9.5 815 

2-Methylpiperazine 80 36 40 6.7 5.1 800 

(see Fig. 9b) 100 35 38 16.2 11.5 935 
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Fig. 8a 

o 

x 

o 

--100 

o 
x 

PIPERAZINE 

A 5mM 
B 15 mM 
C 25 mM 

Tafel method 

o 
X 

250 350 sJo E(mv) 450 650 
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If iCorr °f these inhibitors is plotted against concen¬ 

tration then a curve is obtained as is shown in Fig. 12. 

This relationship has been observed by several groups but 

an explanation of the sudden drop in corrosion rate due to 

concentration has never been completely understood (12-13). 

All data taken at both 5mM and 25mM gave consistent 

results reproducible to within ten per cent of each other. 

However at 15mM the consistency of the results is lowered 

considerably so that the error involved is as much as fifty 

per cent. 

Molecular areas were calculated assuming free rotation 

about a point of attachment. This point of adsorption must 

occur at an N-substituted nitrogen. The values of A, the 

molecular area, are given in Table III. A detailed discus¬ 

sion of the calculation of molecular areas is available (14). 
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CHAPTER IV 

DISCUSSION 

In order to clarify the mechanism of inhibition for 

the compounds being studied the inhibition efficiencies 

were compared. The total inhibition efficiency (I ) at 
T 

0.025 M of the inhibitor was interpreted on the basis of 

polarization data, base strength and molecular coverage. 

In order to estimate the inhibition effect on the an¬ 

odic and cathodic partial reactions, as has been shown by 

Kaesche (15) and Aramaki (16), cathodic and anodic partial 

currents of the inhibited electrode were obtained graphi¬ 

cally from the current values of the extrapolated Tafel 

lines at E o. 
corr 

If b and b are assumed constant* for the inhibited 
a c 

and the uninhibited electrodes the cathodic and anodic par¬ 

tial efficiencies may be calculated. That is 

!c = 
1 - 

1corr° 

JA = 1 - 
1corr° 

* This assumption is valid if b and b are within the 
3. C 

limits of experimental error given in Table III. 
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Piperazine is protonated in acid solution (1) and 

adsorbed on the cathode through electrostatic attraction 

(2) . 

H+ + 

M" 

H' 

H \ 

3. 5 Os 
H 

(1) 

TT 

:N/ \N+- M“ 
NR 

(2) 

The equilibrium constant for the adsorption of piper- 

azinium cation, K ^ is expressed by 

„ _ G’NH<C4H8)NH2 ads) 
^cLClS " j 

QNH(C4H8)NH J[M“] 

The concentration of the adsorbed cation on the metal 

surface :NH(C .Hrt)NH* , can be written by using the dis- 
48 2 ads 

sociation constant of iNHfC^HgjNHj , Ka, as 

(TNH<C4H8)NH+3= -Mr C
H")[Ht)(iHH<c4V

HN!] 

Since the surface concentration corresponds to the in¬ 

hibition efficiency, a linear relationship between and 

1/Ka is expected at a constant free amine concentration (17). 

The relationship between 1/Ka and Ic is shown in Fig. 13 

for two concentrations (5mM and 25mM). At small concentra¬ 

tions (less than 5mM) this relationship holds very well. 

With an increase in concentrations (greater than 25mM) the 

straight line relationship holds for all inhibitors with the 

exception of N-phenylpiperazine. 

This poor base is an excellent inhibitor at concentra¬ 

tions exceeding 25mM. It probably exists primarily as a 

stable ammonium cation with multiple bonding also occurring 
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with the phenyl group and the second nitrogen group. 

Thus the effect of inhibition on the cathode is depen¬ 

dent on the stability of the ammonium cation. If molecular 

models are arranged as if the ammonium cation were attracted 

to the surface, two conformations may exist. There is no 

simple correlation between these conformations and 1^ imply¬ 

ing that the molecular coverage plays an unimportant role in 

the inhibition of these imines by the cathodic reaction. 

Discussion of IA for these inhibitors requires a rela¬ 

tionship with basicity and molecular coverage. The basicity 

or pKa is a measure of electron-donating ability for non- 

protonized imines. However Fig. 14 indicates no simple lin¬ 

ear relationship between IA and pKa. If IA/A versus pKa is 

plotted and if a linear relationship is assumed it would ap¬ 

pear that Ia/A is directly related to the adsorption ability 

of the inhibitor on the anode. 

This is indeed the case as is shown in Fig. 15. Hack- 

erman and Makrides theory (18); would predict an orientation 

with the plane perpendicular to the surface. This would al- 

2 , 
low maximum overlap between the sp orbitals containing the 

lone pair and the empty d orbitals of the metal. If the 

protonated molecules were electrostatically adsorbed, one 

would expect this same orientation due to the lining up of 

the molecule in the electric field at the surface. This is 

evident in the case of cyclic monoimines (e.g., piperidines) 

where there is only one point of attachment (7). 

The parallel orientation would be preferred if the ad¬ 

sorption interaction involved pi orbital bonding. This would 
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Fig. 14 

non-linear relation between I. and pKa 
A 

+50 

1 x 
5 x 

+40 

! 
I 

+30 

2 x 4 x 

see Table III for identifi¬ 
cation of inhibitor number 

+ + 
830 9.00 pKa 950 10.00 1030 
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Fig. 15 

••400 see Table III for identifi¬ 
cation of inhibitor number 

•■100 

-H— 
9.00 pKa 9Î50 YoSoo —I— 

1050 
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appear possible in piperazine and its derivatives due to 

the C-N-C angles. That is the angle between the bonds in 

pure sp^ hybridization (tetrahedral) is 109°28' while in 

pure sp^ (trigonal planar), 120°. It is known that the 

piperidine C-N-C angle is approximately 110° implying sp^ 

conformation while the piperazine C-N-C angle is approxi¬ 

mately 116°, possibly implying a distorted sp^ hybrid (19, 

20). If this is the case then a molecular bond formed 

through both nitrogen sites in piperazine would be possible. 

These bonds may be of sufficient strength, because of the 

pi overlap of the sp^ orbitals, to increase inhibitor effec¬ 

tiveness . 

Fig. 15 shows a linear relation of IA/A to pKa for some 

piperazine derivatives. Compounds, at the same concentration, 

placed above this linear relationship adsorb easier than those 

placed below. This can be seen by comparing piperidine and 

its corresponding derivatives with that of piperazine. At 

25mM it is expected that piperazine would adsorb much more 

readily than piperidine and Fig. 15 shows this to be the case. 

It seems reasonable to believe that piperazine, piper¬ 

idine, homopiperazine, and 2-methylpiperazine have a hydrogen 

atom axial to the nitrogen atom leaving an unshared electron 

pair equatorial to the nitrogen atom. If this assumption is 

correct then there should be no problem due to steric hind¬ 

rance of these compounds forming a coordination bond with the 

anodic surface. 

If, however, the hydrogen atom is removed and replaced 

by an alkyl group the steric hindrance exhibited by this group 
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could cause the unshared electrons on the nitrogen atom 

to become axial. This rearrangement of unshared electrons 

seems to increase the difficulty of formation of a coordin¬ 

ated bond thus decreasing the efficiency of the inhibitor. 

Substitution of a phenyl group rather than an alkyl 

group causes the degree of electron donation to the metal 

to be diminished substantially so that the basicity of these 

compounds would be in the order 

N-phenyl substituted < N-alkyl substituted < unsubstituted 

It is often believed that as total inhibition efficiency 

decreases so does the basicity decrease. Fig. 16 shows this 

is not the case with N-phenyl piperazine. The pKa for this 

molecule is very low implying a weak base and weak inhibitor 

properties. This is indeed true at low concentrations (less 

than 5mM) however at higher concentrations (greater than 25mM) 

N-phenyl piperazine acts as an effective inhibitor (i = 
corr 

2 
350 microamperes per cm ). This may be due to an increase of 

the effective molecular area because of bifunctional adsorp¬ 

tion through both the nitrogen atom and the phenyl group. 

One of the most important aspects of this study is the 

large increase of total inhibition efficiency with a small 

change of concentration. It is expected at low concentrations 

(less than 5mM) that piperazines adsorb vertically on the sur¬ 

face with little interaction between neighboring molecules. 

As the inhibitor concentration rises it seems reasonable that 

the molecules should prefer this same vertical adsorption due 

to crowding in the solution. It has been observed however 

that this is not necessarily the case. Piperazine, homopip- 
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Fig. 16 
Total inhibition efficiency increasing 
with increasing pKa 

-80 

-60 

-40 

-20 

1100 pKa 1000 1200 
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erazine and 2-methyl piperazine cover about the same mole¬ 

cular area in both the vertical and the flat adsorption po¬ 

sition. By arranging molecular models it is observed that 

the flat adsorption actually has less interaction than the 

vertically adsorbed molecule. The pKa values for piperazine, 

homopiperazine, and 2-methyl piperazine are high enough to 

keep one end of the molecule a free amine capable of forming 

a stable coordinate bond while the second pKa value for these 

compounds is low enough to keep the second amine group pro- 

tonated and directed toward the solution. At higher concen¬ 

trations these protonated portions of the molecules become 

crowded and an electrostatic attraction forces the protonated 

piperazine ring from the stable trans form to the unfavorable 

cis form. Once in the cis form the protonated end of the pip¬ 

erazine ring is pushed to the metal surface, deprotonized due 

to the medium sized pKa and is chemisorbed to the surface. 

This small enhanced adsorption could explain the increase of 

inhibitor efficiency due to increase in concentration. 

This explanation seems reasonable when comparing piper¬ 

azine and its derivatives to piperidine and its corresponding 

derivatives. That is, piperidine which has no second nitrogen 

group to enhance inhibition should be expected to be a better 

inhibitor than piperazine at low concentrations since electron 

localization about the nitrogen atom would favor a stronger 

bond than that of piperazine. It is observed however that at 

higher concentrations (greater than 25mM) piperazine and its 

derivatives are substantially better inhibitors than piperidine 

and its corresponding derivatives. This should be due to the 
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second nitrogen group and its availability for bonding. 

If we compare N-phenyl piperazine with N-phenyl pip¬ 

eridine we find the same order of inhibitor efficiency as 

that of unsubstituted imine. 

The effective molecular area for N-phenyl piperazine 

plays a vital role in its inhibition efficiency. This can 

be seen if we consider two possibilities of surface adsorp¬ 

tion of this inhibitor. The first of two possibilities is 

that of vertical adsorption where the molecule actually 

stands on its amine nitrogen (position number 4 in the ring) 

with the phenyl group directed twoard the solution. This 

conformation seems least likely to exist because of the weak 

coordinate bond that is formed between the nitrogen atom and 

the surface. Due to the electron withdrawing capability of 

the phenyl group the greatest electron density should occur 

at the N-substituted nitrogen rather than the nitrogen in the 

number four position. 

Adsorption through the number one position seems reason¬ 

able if we consider the phenyl group lying flat on the sur¬ 

face donating electrons to unoccupied d orbitals on the iron 

electrode. 

An additional feature of adsorption may be found in the 

nitrogen atom in the number four position. The pKa for this 

site is 8.5 implying this nitrogen can form an ammonium cation 

capable of being pushed to the surface. As this portion of 

the molecule approaches the electrode surface deprotonation 

may occur forming a relatively stable bond with the iron sur¬ 

face. The extent of this additional bonding characteristic 
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may be measured by comparing N-phenyl piperazine with N-phenyl 

piperidine which has no nitrogen in the number four position 

(see Table III). Hackerman has shown that due to bifunctional 

adsorption of the phenyl group and the nitrogen atom N-phenyl 

piperidine is superior as an inhibitor to unsubstituted pip¬ 

eridine (21) . 

Two inhibitors were studied that exhibited relatively 

large inhibition efficiencies. Since the pKa values for these 

compounds are not unusually high we would expect the effec¬ 

tive molecular areas to be of great importance here. This 

would involve not only protonized species but the free amine 

as well. 

The first, 4,4' trimethylenedipiperidine, would have a 

very large molecular area due to the bonding of the nitrogen 

atom on each end of the molecule. The pKa is high enough 

for this molecule so that number four nitrogen most probably 

does not protonate but rather remains a free amine capable of 

forming a strong bond with the surface. 

The second, N,N'Bis-(3-aminopropyl) piperazine, is an 

excellent example of the importance of effective molecular 

area. The extent of this added dimension of adsorption may 

be tested if the inhibition efficiency of this compound is 

compared with two moles of propylamine and one mole of piper¬ 

azine. It is obvious from Table III that inhibition due to 

the former compound is much more pronounced than the latter 

mixture. This is mainly due to the effective molecular cover¬ 

age area. 
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N,N' Bis-(3-aminopropyl) piperazine was chosen as an 

inhibitor due to the many points of attachment to the elec¬ 

trode and relatively large effective molecular area. More 

work is needed to thoroughly understand this inhibitor how¬ 

ever it is apparent that inhibition efficiency is affected 

by two factors; the importance of molecular coverage area 

and stability of ammonium cation. 

Molecular models show that the piperazine nitrogen can 

protonate and be electrostatically attracted to the iron sur¬ 

face. Meanwhile the amine group on each end of the molecule 

forms a stable bond with the surface contributing signifi¬ 

cantly to the effective molecular area. 
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CHAPTER V 

CONCLUSION 

At higher inhibitor concentrations piperazine and its 

derivatives were shown to be better inhibitors than piperi¬ 

dine and its corresponding derivatives. 

The effectiveness of an inhibitor on the corrosion 

of iron was interpreted by 1) the relative stability of 

ammonium cation and 2) the ability of the free amine to form 

a stable bond with the electrode. Since piperazines have a 

greater solubility in acid medium than piperidines any inhib¬ 

ition effect produced by low solubility is certainly neglig¬ 

ible (22). 

The method proposed by Mansfeld and Oldham is satisfac¬ 

tory for determining corrosion rates however it has problems. 

The biggest one lies in the fact that a potential difference 

must be chosen so that the tangents occur in an inflection of 

the curve. Otherwise the corrosion current differed as much 

as forty per cent from that of the generally accepted Stern- 

Geary method. Another problem is that only corrosion rates 

may be determined. The Stern-Geary method not only gives cor¬ 

rosion rates but also describes electrode behavior. Thus the 

Mansfeld-Oldham method was not used. 
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