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Inhibiting Properties of Some Amines on Corrosion
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The inhibition effect of triethanolamine, triethlyamine and diethylamine
on corrosion of mild steel in phosphoric acid solutions has been studied.
The mass loss and polarization techniques have been employed at 302-333
K. Results obtained reveal that all compounds are good inhibitors. The
inhibition efficiency of the inhibitors increases with increase in inhibitor
concentration. The effect of temperature on corrosion behaviour of mild
steel indicates that inhibition of inhibitors decreases with increasing tem-
perature. The inhibition efficiency decreases with increasing concentration
of phosphoric acid. At all the inhibitor concentration in 1 and 5 N phos-
phoric acid solution at 302-333 K for 5 h immersion period, the inhibition
efficiency of inhibitors decreases in the order diethylamine > triethylamine
> triethanolamine. These inhibitors are fitted to Tempkin’s adsorption iso-
therm. The values of activation energy and free energy of adsorption have
also been calculated. The plots of Wy against time (days) at 302 K give
straight line, which suggests that it obeys first order kinetics. The rate
constant k and half life time t;» have also been calculated.
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Tempkin’s adsorption isotherm, Potentiodynamic polarization.

INTRODUCTION

Phosphoric acid (H;PO,) is a major chemical product, which has many import-
ant uses especially in the production of fertilizers. Most of the acid is produced from
phosphate rock by wet process. General nickel-base alloys and stainless steel are
frequently used in many parts of the wet process and a considerable quantity of data
has been published about the resistance of these materials to corrosion by phospho-
ric acid solution'~>. Most of the previous studies were focused on the inhibition of
stainless steel or chromium-nickel steel in HCI or H,SO, solutions using organic
compounds containing nitrogen, sulfur and oxygen atoms as corrosion inhibi-
tors® 7. Mild steel is extensively used in industries especially for structural applica-
tions. But its susceptibility to rusting in humid air and its very high dissolution rate
in acidic media are the major obstacles in its use on a large scale. Hence, the study
of corrosion inhibition of mild steel in aqueous aggressive media is very important.
Different nitrogen containing organic compounds have been studied as corrosion
inhibitors for mild steel®'°, Aliphatic, heterocyclic and aromatic amines have been
extensively investigated as corrosion inhibitors'! '3, According to Hackerman et
al.'* 13 the inhibitive properties of a series of secondary aliphatic and cyclic amines
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in acid media are controlled by the percentage of mt-orbitals of free electrons on the
nitrogen atoms of these compounds.

In this paper, the results of a study on the inhibition properties of three amines on
mild steel in 1 and 5 N phosphoric acid solutions are reported. The comparative
studies on corrosion inhibition properties of triethanolamine (TEA), triethylamine
(TriEA), diethylamine (DEA) for comparing their corrosion inhibition effects in
phosphoric acid media by mass loss and potentiodynamic polarization at 302-333K
have been reported.

EXPERIMENTAL

Mass loss measurement: Mild steel specimens were cut to the size of
5 x 1 cm from the mild steel sheets having the following percentage composition:
Fe =9.686, Ni =0.013, Mo =0.015, Cr = 0.043, S = 0.014, P = 0.009, Si = 0.007,
Mn =0.196,C =0.017. Mass loss measurements were performed as per ASTM
method described previously'®~'®, Mass loss measurements were carried out in 1
and 5 N concentration of phosphoric acid with inhibitors like triethanolamine
(TEA), triethylamine (TriEA) and diethylamine (DEA) in the concentration range
of 0.5 to 2.5% at 302-333 K for an immersion period of 5 h with and without
inhibitors. At 302 K, the immersion period of 24, 48, 72 and 96 h were also studied.
All the solutions were prepared using AR grade chemicals with double distilled
water.

Potentiodynamic polarization measurement: Polarization measurements
were carried out in a conventional three-electrode cell assembly. Mild steel strips of
same composition coated with lacquer with an exposed area of 1 cm? were used as
working electrods. The saturated calomel electrode and the platinum foil were used
as reference and counter electrode, respectively. The potentiodynamic polarization
was carried out using BAS-100A model instrument and the experiments were
carried out at 302-333 K.

RESULTS AND DISCUSSION

Mass loss studies: The mass loss of the mild steel coupons in' 1 and 5 N
phosphoric acid in the absence and presence of different concentrations of inhibi-
tors (0.5-2.5%) at 302-333 K was determined. From the mass loss values deter-
mined, the inhibition efficiencies (IE%) and surface coverage (8) were calculated
using the following equations'®" :

wu-wi
IE % = W x 100 n
u
W,-W;
9=—u'w—l 2)
u

were W, and W; are the corrosion rates for mild steel in the absence and presence
of inhibitor respectively in the phosphoric acid solution at the same temperature.
The values are given in Tables 1 (a—c).

It clearly indicates that addition of inhibitors to the acid has reduced the
corrosion rate. The inhibition efficiency and surface coverage increased with
increase in concentration of inhibitors and decreased with rise in temperature from
302to 333 K and in acid concentration from 1 to 5 N. The values of rate of corrosion
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and inhibition efficiencies of all inhibitor compounds were found to depend on their
molecular structure. The inhibition efficiencies of these compounds have been
found to be in the following order:

DEA > TriEA > TEA

TABLE-Ia
CALCULATED RATE OF CORROSION, INHIBITION EFFICIENCY (IE%)
AND SURFACE COVERAGE (6) VALUES FOR TRIETHANOLAMINE
FROM MASS LOSS DATA IN 1 N AND 5 N H3PO4

Conc. of LN SN
Temp. TEA Rateof  Surface Inhibition| Rateof  Surface Inhibition
(K) (%) corrosion coverage efficiency | corrosion coverage efficiency

(mmpy) () (IE%) | (mmpy) ) (IE%)

Blank 6.80 — — 26.22 — —
0.5 2.53 0.6290 62.90 14.11 0.4620 46.20
302 1.0 1.98 0.7090 70.90 10.64 0.5942 59.42
1.5 1.76 0.7410 74.10 7.81 0.7020 70.20
2.0 1.03 0.8490 84.90 5.22 0.8014 80.14
2.5 0.38 0.9444 94.44 3.22 0.8820 88.20

Blank 11.93 — — 70.21 — —
0.5 5.00 0.5812 58.12 39.17 0.4422 44.22
313 1.0 3.99 0.6659 66.59 30.75 0.5620 56.20
1.5 3.32 0.7220 72.20 25.64 0.6349 63.49
2.0 2.29 0.8081 80.81 16.21 0.7692 76.92
2.5 1.02 91.4400 91.44 10.40 0.8519 85.19

Blank | 19.82 — — 157.39 — -
0.5 8.97 0.5476 54.76 94.20 0.4015 40.15
333 1.0 7.31 0.6310 63.10 74.12 0.5291 5291
1.5 5.66 0.7145 71.45 61.92 0.6066 60.66
20 4.53 0.7716 71.16 43.38 0.7244 72.44
2.5 2.73 - 0.8623 86.23 27.56 0.8249 82.49

Table-2 shows the calculated values of activation energy E, (kJ/mol), free
energy of adsorption AG,y, (kJ/mol), rate constant k (sec™') and half-life t,/, (sec)
for mild steel corrosion in 1 N and 5 N phosphoric acid with and without
inhibitors. Energy of activation (E,) has been calculated from the slopes of plots
of log p vs. I/T in Figs. 1 and 2 for TEA (similar plots were also obtained for
TriEA and DEA) and also with the help of the Arrhenius equation®723;

p__E (1 1
o8 o = 2303R [T, Tz] )

where p, and p, are the corrosion rates at temperatures T, and T, respectively.
E, values given in Table-2 show that the E, values for the corrosion of mild steel
in 1 and 5 N phosphoric acid are 28.86 and 48.34 kJ/mol respectively. In acid
containing inhibitiors, the E, values are found to be higher than of the uninhibited
system. The higher values of E, indicate physical adsorption of the inhibitors on
metal surface?®. The values of E, calculated from the slopes of Arrhenius plot and
by using eqn. (1) are approximately almost similar
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Fig. 1. Arrhenius plot for 1 N H3PO4 with TEA

TABLE-Ib
CALCULATED RATE OF CORROSION, INHIBITION EFFICIENCY (IE%) AND
SURFACE COVERAGE (8) VALUES FOR TRIETHYLAMINE
FROM MASS LOSS DATA IN 1 N AND 5 N H3POq4

IN SN
Conc. of —
Temp. | . .ca | Raeof Surface Inhibition| Rateof  Surface Inhibition
1.9] (%) corrosion coverage efficiency | corrosion coverage efficiency

(mmpy) ©) (IE%) | (mmpy) ©) (IE%)

Blank 6.80 — — 26.22 — —

0.5 2.39 0.6490 64.90 11.75 0.5520 55.20

302 1.0 1.72 0.7480 74.80 10.11 0.6143 61.43
1.5 1.10 0.8388 83.88 6.58 0.7490 74.90

2.0 0.92 0.8648 86.48 3.62 0.8620 86.20

2.5 0.21 0.9692 96.92 2.52 0.9039 90.39

Blank 11.93 — — 70.22 — —

0.5 4.65 0.6101 61.01 34.97 0.5020 50.20

313 1.0 3.53 0.7040 70.40 27.79 0.6043 60.43
1.5 243 0.7967 79.67 20.78 0.7041 70.41

2.0 1.7 0.8567 85.67 14.07 0.7996 79.96

2.5 0.91 0.9241 92.41 9.56 0.8639 86.39

Blank 19.82 — — 157.39 — —

0.5 71.73 0.6098 60.98 84.25 0.4647 46.47

333 1.0 6.36 0.6791 67.91 70.06 0.5549 55.49
1.5 4.42 0.7769 77.69 52.13 0.6688 66.88

2.0 3.39 0.8290 82.90 28.31 0.7566 75.66

2.5 2.35 0.8814 88.14 23.79 0.8489 84.89

The free energy of adsorption (AG,4) at different temperatures was calculated
from the following equation®.

AG,4; =-RT In (55.5 K) 4)
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Fig. 2. Arrhenius plot for 5§ N H;PO,4 with TEA
and K is given by K= C_(lg—_F) )

where 0 is surface coverage on the metal surface, C is concentration of inhibitor
in mol/L and K is equilibrium constant.

From Table-2, the values of AG,4 obtained indicate the spontaneous adsorption
of the inhibitor and are usually characteristic of strong interaction with the metal
surface. It is found that the AG,4, values are less than 40 kJ/mol (less —ve values)
indicating that inhibitors are physically adsorbed on the metal surface? a

The values of rate constant k were evaluated from the plots of log Wy vs. time
(days) in Figs. 3 and 4 for TEA (similar plots were also obtained for TriEA and
DEA). Linear plots were obtained which revealed first order kinetics. The values of
half-life t, , were calculated using the equation below??.
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Fig. 3. Plog of log wy vs. time (days) for 1 N H;PO,4 with TEA
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Fig. 4. Plot of log w¢ vs. time (days) for 5 N H;PO, with TEA

TABLE-Ic
CALCULATED RATE OF CORROSION, INHIBITION EFFICIENCY (IE%) AND
SURFACE COVERAGE (6) VALUES FOR DIETHYLAMINE
FROM MASS LOSS DATA IN 1 N AND S N H3PO4

IN SN
Conc. of
Temp. DEA
(K) Rateof  Surface Inhibition | Rateof  Surface Inhibition
(%) corrosion coverage efficiency | corrosion coverage efficiency

(mmpy) ) (IE%) | (mmpy) ® (IE%)

Blank 6.80 — — 26.22 — —
0.5 2.01 0.7041 70.41 10.44 0.6020 60.20
302 1.0 1.44 0.7890 78.90 8.21 0.6870 68.70
1.5 0.95 0.8610 86.10 6.22 0.7627 76.27
2.0 0.65 0.9048 90.48 3.10 0.8820 88.20
25 0.18 0.9734 97.34 1.90 0.9277 92.77

Blank 11.93 —_ — 70.22 —_— —_
0.5 3.76 0.6848 68.42 29.64 0.5779 57.79
313 1.0 3.08 0.7420 74.20 24.54 0.6506 65.06
1.5 1.79 0.8497 84.97 18.79 0.7323 73.23
2.0 1.21 0.8990 89.90 9.19 0.8691 86.91
25 0.83 0.9310 93.10 8.53 0.8786 87.86

Blank 19.82 —_ —_ 157.39 —_ _—
0.5 7.17 0.6381 63.81 71.71 0.5444 54.44
333 1.0 6.25 0.6849 68.49 58.77 0.6266 62.66
1.5 4.08 0.7944 79.44 52.89 0.6640 66.40
20 2.79 0.8593 85.93 28.38 0.8197 81.97
25 2.21 0.8888 88.88 24.95 0.8415 84.15
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TABLE-2
CALCULATED VALUES OF ACTIVATION ENERGY E, (kJ/mol), FREE ENERGY
OF ADSORPTION AG,; (kJ/mél), RATE CONSTANT k (s™') AND
HALF-LIFE t;, (s) FOR MILD STEEL CORROSIONIN I NAND 5N
PHOSPHORIC ACID WITH INHIBITORS

E, from Rate .
o Conc. of - E, from Ar:henius —AGads (kJ/mol) constant TAEife
Inhibitors inhibitors  eqn. (1) -6 Ly
@ Gmod P Dok ank amk 00
(kJ/mol) (s)
' Blank 28.86 28.72 — — —_ 573 120934
TEA 0.5 34.14 34.00 19.65 1984 2073 5.14 134706
+ 1.0 3523 35.46 1882 1898 19.77 4.88 142085
IN 1.5 31.51 31.12 1820 1861 19.70 4.81 144452
H3PO4 2.0 39.95 40.17 19.18 19.12 19.73 4.6l 150293
25 53.19 5299 2139 2096 2082 4.27 162484
Blank 28.86 28.72 —_ —_ — 5.73 120934
TriEA 05 31.66 32.07 1998 2028 21.51 5.06 136823
+ 1.0 35.28 35.10 1943 1956 2049 4.72 146897
IN 15 37.52 37.49 1982 1980 2075 4.53 152937
H3PO,4 20 35.52 35.60 19.62 20.16 2087 4.42 156617
2.5 65.15 65.12 2306 2143 2143 4.11 168808
Blank 28.86 28.72 — — _ 5.73 120934
DEA 0.5 3431 34.71 19.87 2036 21.08 4.80 144452
+ 1.0 39.60 40.02 1928 1930 1975 4.32 160479
IN 1.5 39.32 40.74 19.53 2001 2023 4.05 171020
H3PO4 20 39.30 40.15 19.88 2043 2069 3.81 181829
25 67.65 67.00 2270 2093 20.82 3.65 189778
Blank 4834 < 48.74 — —_ —_ 2282 30870
TEA 0.5 5121 5167 1794 1838 19.10 2095 33074
+ 1.0 52.36 52.55 17.53 17.83 18.60 2047 33852
5N 1.5 55.85 55.45 17.71 1757 1835 2025 34206
H3PO4 2.0 57.12 57.60 1834 1851 19.04 19.16 36158
25 58.94 57.99 1933 1935 2003 18.39 37679
Blank 48.34 48.74 — —_ —_ 22.82 30370
TriEA 0.5 53.14 54.12 1896 19.13 1994  20.69 33506
4+ 1.0 52.22 53.00 17.87 1841 19.02 20.18 34344
SN 1.5 55.83 55.70 1843 1851 1923 20.15 34569
H3PO4 20 55.48 55.50 19.56 19.11 1963 1892 36616
25 60.56 60.89 2003 19.73 2066 18.15 38180
Blank 48.34 48.74 —_ —_ —_ 22.82 30370
DEA 0.5 51.98 51.50 1873 19.16 20.00 2026 34206
+ 1.0 53.10 53.00 1794 18.16 19.04 1996 34716
SN 1.5 57.74 57.60 17.89 18.12 1837 19.51 35519
H3PO4 2.0 59.73 59.20 1928 19.67 19.88 1922 36055

25 69.46 68.99 2007 1932 1968 18.71 37040
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The rate constant k decreases with increase in concentration of inhibitors
whereas the half-life increases with concentration of inhibitors?2. The adsorption of
the organic molecules can affect in several ways the behaviour of the electrochem-
ical reactions involved in the corrosion process. The action of organic inhibitors
also depends on the type of interaction between the substance and the metallic
surface. This interaction causes a change either in the electrochemical process
mechanism or in the surface available to the process® .

Adsorption isotherms: The electrochemical process on the metal surface is
likely to be closely related to the adsorption of the inhibitor*' ar. e adsorption is
known to depend on the chemical structure of the inhibitor*>*, The adsorption of
the inhibitor molecules from aqueous solution can be regarded as quasi-substitution
process*? between the organic compound in the aqueous phase, org,q) and water
molecules at the electrode surface, HyOyy.

Ofg(aq) + XHzo(s) -_ Org(s) + XHzo(aq) )
where x, the size ratio, is the number of water molecules displaced by one
molecule of organic inhibitor.

Adsorption isotherms are very important in determining the mechanism of
organo-electrochemical reactions. The most frequently used isotherms are those of
Langmuir, Frumkin, Parsons, Temkin, Flory-huggins and Bockris-Sinkles*>8. All
these isotherms are of the general form:

f(0, x) exp (-2a0) = KC 8)

where £(, x) is the configuration factor that depends essentially on the physical
model and assumptions underlying the derivation of the isotherm>’.

The plot of surface coverage (8) obtained by mass loss method vs. log C for
different concentrations of the compound show a straight line indicating that the
adsorption of the compounds from acid on mild steel surface follows Temkin’s
adsorption isotherm?>. This also points to corrosion inhibition by these compounds
being a result of their adsorption on the metal surface. Figs. 5 and 6 show the
Temkin’s adsorption isotherm for TEA. Similar plots were also obtained for TriEA
and DEA.

©302K
|IIK
A¥3K

tegC
Fig. 5. Temkin’s adsorption isotherm plot for 1 N H3PO, with TEA
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Fig. 6. Tempkin’s adsorption isotherm plot for 5 N H3PO4 with TEA

Potentiodynamic polarization studies: The polarization behaviour of mild
steel functioning as cathode as well as anode in the test solutions is shown in
Fig. 7 for 1 N H;PO, at 302 K for TEA. (similar curves were also obtained fcr

[—o—Blank
D —O0—0.5TXTEA
—A—1.0%TEA
—3—1.5%TEA
—m—20%TEA
—O—2.5%TEA

Current denaity (mA/Cm’)

0.1 -

. — . . . 0.04
900 800 700 600 500 400 300 200  -100 °
Potantial fwv Vs 3CE)

Fig. 7. Typical potentiodynamic curves for mild steel in 1 N H3PO4 with TEA at 203 K
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TriEA and DEA in 1N and 5N phosphoric acid at 302-333 K) and the
electrochemical data obtained from the studies are shown in Table-3. It is evident
that amines bring about considerable polarization of the cathode as well as anode.
It was, therefore, inferred that the inhibitive action is of mixed type. The cathodic
and anodic Tafel slopes increased with increasing inhibitor concentrations and
the increase was predominant in the case of the former indicating that the cathodic
inhibition dominating through the inhibitive activity is of mixed nature. The
non-constancy of Tafel slopes for different inhibitor concentration reveals that the
inhibitor act through their interference in the mechanism of the corrosion
processes at the cathode as well as the anode.

The corrosion parameters deduced from Tafel polarization such as corroision
current i, corrosion potential E ., Tafel constants B, and B, and inhibition
efficiency are given in Table-3. The i, values decrease with the increasing
concentration of inhibitors. The inhibition efficiencies were determined from the
values of corrosion current and the inhibition efficiency values were found to
show good agreement with those obtained from mass loss measurements.

TABLE-3
ELECTROCHEMICAL POLARIZATION PARAMETERS FOR THE CORROSION
BEHAVIOUR OF MILD STEEL IN 1 N AND § N PHOSPHORIC ACID
IN ABSENCE AND PRESENCE OF INHIBITORS AT 302-333 K

IN SN
Conc.
. .°f Bor | Tafel constants Ecor | Tafel constants
inhibitors| g, (°°X/ (mv/idecade) IE | vs. (;:'/ (mv/decade)  IE
%) |sce WY ————— @ |SscE 3 ———— (%)

(mv) cm’) (mv) cm’)

Ba -Bc Ba -Bc

Blank | -543 210 50 130 — | =510 700 50 150 —

0.5TEA | -570 80 50 127 6190 -549 384 49 147 4514
1.0 TEA | -566 64 120 69.52 | -540 292 49 143 5828
ISTEA| -557  S3 122 7476 | -538 205 47 145 7071
2.0 TEA | -551 42 116 80.00 | -534 139 4 140 80.14
2.5TEA | -548 14 110 9333 | -530 86 43 139 871.71

0.5 TriEA| -578 75 126 6429 | -580 308 50 145 56.00
1.0 TriEA| -567 55 121 7381 | -570 276 48 140  60.57
1.5 TriEA| -563 35 117 8333 | -567 184 4 138 7371
2.0 TriEA| -560 27 114 87.14 | -560 97 43 135 86.14
2.5 TriEA| -559 11 42 105 94.76 | -555 63 40 133 91.00

47
46
50
4
Blank | -543 210 50 130 — [-510 700 50 150 —
45
4
46
45

Bank | -543 210 50 130 — | -510 700 50 150 —_
0.5DEA | -592 64 40 124 6952 | -588 273 47 145 61.00
1.0 DEA | -580 47 40 120 7762 | -570 228 4 143 6743
1.5DEA | -569 28 38 116 86.67 | -563 160 40 137  77.14
2.0DEA | -553 21 37 114 90.00 | -552 88 37 135 8743
2.5DEA | -553 6 34 110 97.14 | -540 60 35 130 9143
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IN 5N

Conc.

) _Of Beor Tafel constants Eeor | Tafel constants
inhibitors| g, € (mv/decade) IE vs. €T (mv/decade) IE

@) | sce ™4/ % |sce W —  (a
cm®) cm”)
(mv) Ba -Bc (mv) Ba -Bc
313K
Blank | -535 680 100 150 — |-505 1000 30 175 —

0.5TEA | -550 280 95 145 5882 | -530 568 28 170 4320
1.0TEA | =546 231 93 140 66.03 | -527 441 28 165 5590
ILSTEA| -540 184 90 136 7294 | -520 380 27 160 62.00
2.0TEA | -538 128 85 130 81.18 | -518 239 26 157  76.10
2.5TEA | -536 64 80 125 9059 | -510 150 23 155 85.00

Blank | -535 680 100 150 — | =505 1000 30 175 —
0.5 TriEA| -555 267 93 148 60.74 | -560 489 27 169 51.10
1.0 TriEA| =550 196 90 145 7118 | -555 391 28 165 60.90
1.5TriEA| -546 133 86 138 8044 | -552 302 26 163 69.80
2.0 TriEA| -542 91 84 133 86.62 | -547 213 25 160 78.70
2.5 TriEA| -540 48 79 126 9294 | -542 140 24 159  86.00

Blank | ~535 680 100 150 — | =505 1000 30 175 —
0.5DEA | -575 221 92 144 6743 | -572 435 30 166  56.50
1.ODEA | -566 175 90 140 7421 | -560 359 28 163 64.10
I.5DEA| -560 112 86 138 83.50| -553 279 27 160 72.10
2.0DEA | -554 85 83 136 8721 | -549 144 25 158 85.56
2.5DEA | -547 58 80 133 9150 | -540 125 24 155 87.50

333K

Blank | -523 1400 150 150 — | 483 3000 75 190 —_
05TEA | -545 650 140 145 5357 | -520 1823 75 185 3923
1.0OTEA | -542 509 35 140 63.64 | -512 1403 72 182 53.23
I.5TEA | =533 412 130 137 7057 | -507 1214 72 180 59.53
20TEA| -530 333 125 132 7621 | -502 806 70 174 73.13
25TEA| -526 203 120 130 8550 | —49%6 493 68 170  83.57

Blank | -523 1400 150 150 — | —483 3000 75 190 —_
0.5 TriEA| -540 564 138 148 59.71 | =537 1632 73 187 4556
1.0 TriEA| -537 464 135 134 66.86 | -520 1347 71 184 55.10
1.5 TriEA| =532 321 130 128 77.67) -517 1027 70 181 6558
2.0 TriEA| =530 235 129 124 8321 | -510 758 68 178 -74.73
2.5 TriEA| -528 173 130 120 87.64 | -506 480 66 173 84.00

Blank | -523 1400 150 150 — | 483 3000 75 190 —
0.5DEA | -560 519 150 142 6294 | -540 1365 70 186 54.50
1.ODEA | -552 455 147 138 67.50 | -543 1149 70 183 61.70
1.SDEA | -547 294 147 135 7897 | -530 1029 68 180 65.70
2.0DEA | -540 198 145 130 8588 | -523 579 66 174  80.70
2.5DEA | -535 179 140 132 8721 -510 489 65 170 83.20
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Mechanism of inhibition

Structure of triethanolamine (TEA), triethylamine (TriEA) and diethylamine
(DEA) are given below:

H H H H H H
o S S

h o b Wb

H H H H
HO——(lZ—Ci —N: H——é—(ll——N: H—N

b b

H H H H H H
T S VA .

b b b

TEA TriEA DEA

+I effect is medium in diethylamine (DEA), high in triethylamine (TriEA) and
very high in triethynolamine (TEA). As the +I effect increases the inhibition
efficiency decreases due to the electron releasing power increasing; so the corrosion
increases.

“Triethanolamine shows the lowest inhibition. This is due to the structure, as the
degree of chain branching appears to have the opposite effect with respect to charge
density. The number of the functional groups is assumed®* to reduce the
protective properties owing to steric hindrance but the protection could be im-
proved by functional groups acting as adsorption centres. So, triethanolamine
shows lower inhibition than triethylamine and diethylamine. Same way, in case of
triethylamine also, which shows less inhibition than dicthylamine43 .

The steric effect of branching chains on the adsorption of free amines increased
with increasing degree of branching in the alkyl group, which results in the lowering
of the inhibition efficiency®. This is related to the presence of three sites available
to form coordinated bonds with iron atom through the two lone pairs of electrons on
to N-atoms and the electron cloud on aromatic ring. Better inhibiting characteristic
of diethylamine than triethylamine can be explained by steric hindrance in tertial?'
amine which may have influence on the electron density and on the base strength®.

The result so obtained may be clarified on the basis of inductive effect of
diethylaminium ion and lone pair of electrons present on N-atom. Two ethyl groups
in diethylamine increase electrodensity on N-atom because of the inductive effect.
Hence, lone pair of electrons of nitrogen atom is readily available for interaction
with the metallic surface. In water, diethylamine forms diethylaminium ion carry-
ing positive charge on nitrogen atom. This ion is associated with water molecules
through H-bonding. During polarization diethylaminium ion adheres to the anoidc
sites of the electrode via oxygen atom containing lone pair of electrons (in anodic
polarization) and via nitrogen atom carrying positive charge (in cathodic polariza-
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tion) and covers a large surface area. Consequently, a film is formed on the metal
surface and therefore the resistance increases. As a result, current density de-
creases™. »

As the number of alkyl group increases, the lone pair of electrons will become
more available due to +I effect of alkyl group and the basicity of the amine will
increase on alkylation. When a proton is added to N-atom, it increases crowding
around the N-atom. This crowding results in strain, which becomes maximum in
tertiary amines. Due to this, the stability of the molecule is reduced, i.e., its basicity
is reduced. This is borne out by the fact that the size of the alkyl group increases,
thereby increasing the steric repulsion‘”. The results are in agreement with the
results obtained by Talati e al.*®

In acid solutions, amine molecule will take part in the follpwing reaction:

RNH, + H" = RNHj (onium ion)
RNHj; = (RNH3);4

The formed onium ion is adsorbed on the cathodic regions of the metal surface
due to electrostatic attraction. The adsorbed onium ion can orient itself freely. The
positive charges of the absorbed onium ion make the potential of the layer of the
electrical double layer more positive. Also, the carbon-hydrogen-chain in the
onium ion obstructs the passage of positive ions to cathodic surface. As a result, the
rate of the local cathodic reaction decreases considerably®.

Finally discussed, the solubility of the inhibitor decreases and its adsorptive
ability increases correspondingly but the reactivity of the molecules could also
decrease*’. The solubility of the inhibitors decreases in the order of TEA > TriEA >
DEA.

So the inhibition efficiency has been in the following order:

Diethylamine > Triethylamine > Triethanolamine.

ACKNOWLEDGEMENT

Authors are thankful to Dr. K. Srinivasan, Head of the Department of Chemistry,
Government College of Engineering, Salem for his kind encouragement in pursu-
ing this work.

REFERENCES

1. A.C.Hart, Br. Corros. J., 6,205 (1971).

2. , Br. Corros. J., 8, 66 (1973).

3. R.M. Saleh, M.M. Badran, A.A. Alhosary and H.A. E1 Dahan, Br. Corros. J., 3,105 (1988).

4. P.Barrco,G. Chairoand A.C. Farina, Proc. 11th Intemational Corrosion Congress, Florence
and ltaly, 2, 2.539 (1990).

S. F. Smith and N.H. Van Droffelaar, Br. Corros. J., 26,265 (1991).

6. A.M. Al-Mayout, A.A. Al-Suhybani and A.K. Al-Ameer, Desalination, 116, 25 (1998).

7. S. Bilgic and N. Caliskan, .J Appl. Electrochem., 31,79 (2001) and references therein.

8

9

S. Amar, Darwish and M. Ethan, Electrochem. Acta, 12, 485 (1967).
. K. Armaki, Denki Kagatu, 14, 880 (1973).
10. B.G. Ateya, B.E. Anadouli and F.M. Nizamy, Corros. Sci., 249, 497 (1984).
11. M. Hackerman and J.D. Sudbery, J. Electrochem. Soc., 97, 109 (1950).
12.  V.K.V. Unni and J.C. Ramachar, J. Electrochem Soc, (Japan), 33, 557 (1965).



1934 Chandrasekaran et al.

13.
14.
15.

16.
17.

18.
19.
20.
21.
22,
23.
24.

25.
26.

27.
28.
29.

30.
31
32.
33.
34.

3s.
36.
37.
38.
39.
40.
41.
42.
43.

44,
45.

46.
47.
48.
49.

50.

Asian J. Chem.

N.K. Patel, S.S. Sampat, J.C. Vora and R.M. Trivedi, Werkst and Korros., 10, 809 (1970).
N. Hackerman, N.S. Annali Uni Ferrara, Sez. Suppl., 3,99 (1961).

N. Hackerman and R.M. Hurd, Proc. 1st Int. Congr. Met. Corro., Butterworths, UK, 166-172
(1961).

P.M. Mathur and T. Vasudavan, Corrosion, 38, 17 (1982).

ASTM G 31-72, Standard Practice for Laboratory Immersion.Corrosion Testing of Metals,
West Conshohcken, PA; ASTM (1990).

M. Ajmal, A.S. Mideen and M.A. Quaraishi, Corros. Sci., 36, 79 (1994).

1.D. Talati and R.M. Modi, Trans. SAEST, 11, 259 (1986).

L.A. Al-Shamma, J.M. Saleh and N.A. Hikat, Corros. Sci., 27, 221 (1987).

N. Subramanian and K. Ramakrishnaian, Indian. J. Tech., 8, 369 (1970).

E.E. Ebenso, Bull Electrochem., 19,209 (2003).

P.C. Okafor, E.E. Ebenso, U.J. Ibok, U.J. Ekpe and M.I. Ikpi, Trans. SAEST, 38, 91 (2003).

LN. Putilova, V.P. Barannik and S.S. Balezin, Metallic Corrosion Inhibitors, Pergamon
Press, Oxford, pp. 30-32 (1960).

M.A. Quraishi and R. Sardar, Bull. Electrochem., 18, 515 (2002):

S. Brinic, Z. Gurbac, R. Babic and M. Metikos-Hukovic, 8th Eur. Symp. Corros. Inhib., 1,
197 (1995).

G.K. Gomma and M.H. Wahdan, Indian J. Chem. Technol., 2, 107 (1995).
S.L. Granese, Corros. Sci., 44, 322 (1988).

B.B. Damashkin, Adsorption of Organic Compounds on Electrodes, Plenum Press, New
York, p. 221 (1971).

S.M. Mayanna, J. Electrochem. Soc., 122,251 (1975).

N. Hackerman, Corrosion, 18, 332 (1962).

B.G. Atya, B.E. El-Anadouli and FM. El-Nizamy, Corros. Sci., 24, 497 (1984).
X.L.Cheng, H.Y. Ma, S.H. Chen, R. Yu, X. Chen and Z.M. Yao, Corros. Sci., 41,321 (1999).
M. Bouayed, H. Rabaa, A. Srhiri, J.Y. Saillard, A.B. Bachir and L.A. Beuze, Corros. Sci.,
41, 501 (1999).

A.N. Frumkin, Z. Phys. Chem., 116, 446 (1925).

O. Ikeda, H. Jimbo and H. Jaumura, J. Electoanal. Chem., 137, 127 (1982).

R. Pearsons, J. Electroanal. Chem., 7, 136 (1964).

J.O.M. Bockris and D.A.J. Swinkels, J. Electrochem. Soc., 111, 736 (1964).

B. Ateya, B. El-Anadouli and F. El-Nizamy, Corros. Sci., 24, 509 (1984).

G.N. Ekilik, V.P. Grigorev and V.V. Ekilik, Zashch. Met., 14, 357 (1978).

A. Popova, E. Sorolova and S. Raicheva, Khimia i Industria, 2,72 (1987).

, Khimia i Industria, 2,72 (1988).

S.M. Rashwan, S. Abddel-Eahab, A.Z. El-Tanany and M. Ali, Bull. Electrochem., 13, 448
ggzzgmakl Boshoka and Gjjutsu, 26,297 (1977).

T. Aben and D. Tromans, J. Electrochem. Soc., 142, 398 (1945).

P.N.S. Yadav, Bull. Electrochem., 14, 471 (1998).
G.R. Chatwal, Himalaya Publishing House, p. 63 (1997).
J.D. Talati, G.A. Patel and D.K. Gandhi, Corrosion, 40, 88 (1984).

Z. Jiuyuan, A. Yuqin, Z. Bohou and W. Xucheng, 10th International Congress on Metallic
Corrosion, CECRI Karaikudi, 7, Volume III (7), p. 27152715 (1987).

S.N. Raicheva, B.V. Aleksiev and E.I. Sokolova, Corros. Sci., 34, 351 (1993).

(Received: 27 October 2004; Accepted: 16 April 2005) AJC-4187



