Taylor & Francis
Taylor & Francis Group

Green Chemistry Letters and Reviews

ISSN: 1751-8253 (Print) 1751-7192 (Online) Journal homepage: http://www.tandfonline.com/loi/tgcl20

3-[(4-amino-2- methyl-5-pyrimidinyl) methyl]-5-
(2-hydroxyethyl)-4-methyl thiazolium chloride
hydrochloride as green corrosion inhibitor of
copper in HNO3 solution and its adsorption

characteristics

Olusegun K. Abiola, Moriamo O. John, Patric O. Asekunowo , Peter C.
Okafor & Oladele O. James

To cite this article: Olusegun K. Abiola , Moriamo O. John , Patric O. Asekunowo , Peter C. Okafor
& Oladele O. James (2011) 3-[(4-amino-2- methyl-5-pyrimidinyl) methyl]-5- (2-hydroxyethyl)-4-
methyl thiazolium chloride hydrochloride as green corrosion inhibitor of copper in HNO; solution
and its adsorption characteristics, Green Chemistry Letters and Reviews, 4:3, 273-279, DOI:
10.1080/17518253.2011.571716

To link to this article: https://doi.org/10.1080/17518253.2011.571716

8 Copyright Taylor and Francis Group, LLC ﬂ Published online: 03 Jun 2011.
N\
CJ/ Submit your article to this journal & il Article views: 387
A
& View related articles (&' @ Citing articles: 8 View citing articles &

Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalinformation?journalCode=tgcl20

(Download by: [National Science Library] Date: 06 December 2017, At: 01:1 5)



http://www.tandfonline.com/action/journalInformation?journalCode=tgcl20
http://www.tandfonline.com/loi/tgcl20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/17518253.2011.571716
https://doi.org/10.1080/17518253.2011.571716
http://www.tandfonline.com/action/authorSubmission?journalCode=tgcl20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=tgcl20&show=instructions
http://www.tandfonline.com/doi/mlt/10.1080/17518253.2011.571716
http://www.tandfonline.com/doi/mlt/10.1080/17518253.2011.571716
http://www.tandfonline.com/doi/citedby/10.1080/17518253.2011.571716#tabModule
http://www.tandfonline.com/doi/citedby/10.1080/17518253.2011.571716#tabModule

Downloaded by [National Science Library] at 01:15 06 December 2017

Green Chemistry Letters and Reviews
Vol. 4, No. 3, September 2011, 273-279

Taylor & Francis
Taylor & Francis Group

RESEARCH LETTER

3-[(4-amino-2- methyl-5-pyrimidinyl) methyl]-5- (2-hydroxyethyl)-4-methyl thiazolium chloride
hydrochloride as green corrosion inhibitor of copper in HNOj; solution and its adsorption
characteristics
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The inhibitory effect of 3-[(4-amino-2-methyl-5-pyrimidinyl) methyl]-5-(2-hydroxyethyl)-4-methyl thiazolium
chloride hydrochloride (thiamine hydrochloride) or vitamin B; hydrochloride on acid corrosion of copper in
2.5 M nitric acid (HNO3) solution was investigated using a weight loss method. Thiamine hydrochloride inhibited
the corrosion of copper in 2.5 M HNOj; solutions. The inhibition efficiency increased with increasing
concentration of thiamine hydrochloride but decreased with increasing exposure. Adsorption of thiamine
hydrochloride molecules on copper surface was found to obey Langmuir adsorption isotherm with standard free
energy of adsorption (AGY,) —30.55 kJ mol !, The inhibition mechanism was characterized from trends of
inhibition efficiency, thermodynamic, and kinetic parameters.
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Introduction

Studies on acid corrosion and inhibition of copper in
nitric acid solution are generating a lot of interest
because nitric acid solution is the corrosive solution
of choice for both the chemical dissolution and
electroplating processes used in the fabrication of
electronic devices and copper is susceptible to corro-
sion in nitric acid solution (/,2).

Numerous inorganic and organic compounds
have been reported as corrosion inhibitors for metals
in different media, but the toxic nature of some of
them limits their application. Attention has been
focused on the need to design and develop green or
non-toxic corrosion inhibitor to replace toxic ones for
a sustainable development. Amino acids (3—5), phtha-
lazine derivatives (6), caffeine (7), imidazole deriva-
tives (8), and guanidine (9) have been reported as
nontoxic corrosion inhibitors for copper in acid
media and their inhibitive action was found to
depend on molecular structures, the nature of the
metal surface, types of ions in the electrolytes, ability
to form complexes, and the extent of adsorption
on the metal surface. We have also reported the
inhibitive and adsorption properties of 3-[(4-amino-2-
methyl-5-pyrimidinyl) methyl]-5-(2-hydroxyethyl)-4-
methyl thiazolium chloride hydrochloride or thiamine

hydrochloride, a naturally occurring substance and
its derivative on mild steel (/0—/2) and aluminum (/3)
in HCI solutions using weight loss and hydrogen
evolution techniques. The literature on nontoxic
corrosion inhibitors for copper in nitric acid solution
is not in a large number in comparison with that for
copper in both HCI and H,SO, solutions. However,
to the best of our knowledge there is no reported
work in the open literature on the inhibitive and
adsorption properties of AMMPTC on copper in
nitric acid solutions.

This paper is a follow-up effort on our previous
work (1/0—12) on the development of nontoxic (green)
corrosion inhibitors of metals that do not contain
heavy metals and organic phosphates. Thiamine
hydrochloride, nontoxic organic compound consists
of pyrimidine ring and thiazollium ring bridged by
methylene group is already known for its complex
formation owing to its coordination sites (/4). It is of
interest to note that thiamine hydrochloride contains
sulfur atom and many organic compounds containing
sulfur atom have been developed as copper corrosion
inhibitors for different industrial application (15)
owing to the ability of S atom to be strongly adsorbed
on copper surface. Therefore, thiamine hydrochloride
may be a potential nontoxic corrosion inhibitor for
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copper in nitric acid solution. The aim of this work is
to investigate the inhibitive effect of thiamine hydro-
chloride on the acid corrosion of copper in 2.5 M
HNO; solution and its adsorption characteristics
using weight loss technique.

Results and discussion

The results obtained are presented in Figures 1-7 and
Tables 1-3 for different concentrations of thiamine
hydrochloride in 2.5 M HNOj; solutions from gravi-
metric measurements.

The weight losses of copper versus concentration
of thiamine hydrochloride for 30 min immersion time
at 30°C are presented in Figure 1.

In Figure 1 the addition of thiamine hydrochlo-
ride resulted in low material loss (mg/cm?) as
compared with that of control at 30°C. The weight
losses (mg/cm?) of copper coupon in the presence of
0.01, 0.05, 0.1, 0.2, 1, and 2 mM concentrations of
thiamine hydrochloride decreased by a factor of 0.96,
0.89, 0.68, 0.58, 0.31, and 0.30, this in reference to the
blank (control, Figure 1), respectively. These results
implied that thiamine hydrochloride inhibited the
corrosion of copper in 2.5 M HNOs solution at these
concentrations at 30°C for 30 min immersion period.
The percentage inhibition efficiency values are listed
in Table 1 for triplicate specimens and were precise to
+4% and this indicates good reproducibility.

These results are indicative of the inhibition of the
dissolution of copper in HNO; solution, with the
maximum inhibition efficiency values of 69.9% at
2 mM thiamine hydrochloride at 30°C. The inhibitory
activity of thiamine hydrochloride with respect to
acid dissolution of copper in HNOj solution may be
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Figure 1. Variation of weight loss with thiamine hydro-
chloride concentration for copper in 2.5 M HNO; at 30°C.

Table 1. Percentage inhibition efficiency, corrosion rate,
and surface coverage of thiamine of thiamine hydrochloride
on copper at 30°C 30 min immersion period.

Corrosion rate %
Concentration (mg cm ™~ inhibition  Surface
(mM) min ) efficiency coverage
0 0.506+0.03 — —
0.01 0.487+0.02 7742 0.08
0.05 0.448 +0.02 11.4+3 0.11
0.1 0.342+0.01 32442 0.32
0.2 0.305+0.01 39.7+3 0.40
0.5 0.293+0.03 42.1+4 0.42
1.0 0.158 +0.005 68.8+1 0.69
2.0 0.156+0.002 69.9+2 0.70

associated with their adsorbability due to the pre-
sence of adsorption centers of S, N, and O in
thiamine hydrochloride. A similar view has been
reported previously (/3) on the behavior of thiamine
hydrochloride on aluminum surface in HCI solution.
It is evident in Table 1 that the corrosion rate
decreased with increasing concentration of the in-
hibitor in the acid solutions and the percentage
inhibition efficiency values increase with increasing
inhibitor concentration. This indicates that the in-
hibition is due to the adsorption of inhibitor’s
molecule onto copper surface and the inhibitor
acts as an adsorption inhibitor. Previously, similar
views have been put forward on the inhibition of
acidic corrosion of metals (1/6—20).

The effect of immersion time on inhibition
efficiency is shown in Figure 2. As seen in Figure 2,
the inhibition efficiency decreases with increase in
immersion time. The decrease in the value of percen-
tage inhibition efficiency with immersion time may be
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Figure 2. Variation of percentage inhibition efficiency of
thiamine hydrochloride with immersion period.
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ascribed to increase in desorption of the inhibitor
molecules from metal surface with increasing immer-
sion time.

Adsorption isotherms and characteristics of adsorption
process

A detailed mechanism for inhibition is not possible
without an understanding of the adsorption process
at the metal/electrolyte interface. To clarify the
nature of adsorption, the fits of various adsorption
isotherms to the empirical data were tested. For
organic corrosion inhibitors inhibiting through ad-
sorption mode, as in this case, the degree of surface
coverage, 0 can be determined from the value of
inhibition efficiency with 68 =1%/100.

The experimental data were applied to different
adsorption isotherm equations and found to fit the
Langmuir adsorption isotherm (/9,2/-23) with cor-
relation coefficient of 0.980 (Figure 3), which may be
formulated as equation (/):

€_ C+l, (1
0 K
where C is the concentration of the inhibitor and K is
the equilibrium constant of the adsorption/deso-
rption process.

The K is related to the standard free energy of

adsorption by the equation:

K=1/55.5 exp (=AG,,/RT) 2

Though, the data deduced from the Langmuir
isotherm (R>=0.980) confirms the applicability of
the isotherm to describing the adsorption process of
thiamine hydrochloride onto copper surface, the
slope (Figure 3) was found to deviate from unity
(1.28). This deviation from unity may be explained on
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Figure 3. Langmuir adsorption plot for copper in 2.5 M
HNOs solution containing thiamine hydrochloride at 30°C.
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the basis of the interaction among adsorbed mole-
cules on the copper surface, the interaction that was
not taken into account during the derivation of the
Langmuir isotherm equation. The interaction be-
tween the adsorbed organic molecules with polar
groups on the anodic and cathodic sites of the metal
surface plays a crucial role that cannot be over-
looked. This interaction may be either mutual attrac-
tion or repulsion (/7).

The value of standard free energy of adsorption,
AGY, was obtained from the values of K. The value
for AG}, for the inhibition of acid corrosion of copper
by thiamine hydrochloride was found to be —30.55 kJ
mol™'. The negative value of adsorption free energy
suggests the spontaneity of the adsorption of thia-
mine hydrochloride molecules and the stability of the
adsorbed layer on copper surface.

The adsorption process is adjudged physical
adsorption due to the value of AGY; that was below
—40 kJ mol'. There is a general concession that
adsorption with AG?; values below —40 kJ mol ' are
physical in nature (11,12,18,19,25-29).

Kinetic model

The kinetic model was employed to give further
insight into the inhibition properties of AMMPTC.
The effect of temperature on the corrosion rate of
copper in nitric acid solution in the absence and
presence of 0.5-2 mM thiamine hydrochloride was
studied at 30, 35, 40, and 45+0.2°C by gravimetric
measurements.

Figure 4 shows the dependence of thiamine
hydrochloride efficiency on temperature when differ-
ent concentrations of thiamine hydrochloride were
added. Inhibitor efficiency decreased as the tempera-
ture increased and this indicates physisorption
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Figure 4. Variation of percentage inhibition efficiency of
thiamine hydrochloride with temperature.
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of thiamine hydrochloride at the copper surface.
Desorption of inhibitor molecules with increased
temperature is usually observed in cases of physisorp-
tion. According to Noor (30) and the reference there
in, the kinetic — thermodynamic model represent the
modified form of Langmuir adsorption isotherm; log
(0/1-8) =log K'+y log C, reformulated by including
the heat of adsorption parameter as follows:

Qads

—= . (3
2.303 RT )

0
log (16) log K’ + Y.log C—

Figure 5 depicts linear variation between log (6/1 — 0)
and I/T at 30, 35, 40, and 45°C with R?in the range of
0.991 to 0.994 (Table 2). The negative sign of heat of
adsorption indicates that the adsorption process is
exothermic in nature. This observation further con-
firms physical adsorption theory for thiamine hydro-
chloride on copper surface in 2.5 M HNOj solution.
Other thermodynamic parameters such as apparent
activation energy E,, Arrhenius pre-exponential fac-
tor, A, the enthalpy change of activation AH* and the
entropy change of activation, AS* were obtained
from the Arrhenius — type plot (Equation 4) and
Eyring transition — state plot (Equation 5):

E
In(rate) = InA — —<, 4)
¢ RT

In(rate)

—InR/Nh+ AS*/R — AH*/RT, (5

where E, represents the apparent activation energy, R
the universal gas constant, 4 the pre-exponential
factor, T the absolute temperature, N the Avogadro’s
number, / the Plank constant, AH* the enthalpy of
activation and AS* is the entropy change of the
activation.

1 A

0.5

log (6/1 - )

3.1 3.15 3.2 3.25 33 3.35
UT x 1073 (K™

Figure 5. Plot of log (6/1 — 0) versus 1/T at concentrations
of 0.5, 1, and 2 mM thiamine hydrochloride.

Table 2. Heat of adsorption, Q,, and the correlation
coefficients for thiamine hydrochloride on copper surface
in 2.5 M HNOs.

Thiamine hydrochloride Qaa (kI mol™) R?

(mM)

0.5 —185.47 0.994
1.0 —224.58 0.990
2.0 —175.24 0.991

Figures 6 and 7 depict the fitting of the corrosion
data to Arrhenius and Errying equations for inhibited
and uninhibited copper in 2.5 M HNOj solution. The
activation parameters obtained from Figures 6 and 7
are listed in Table 3.

The plot of In(rate) versus 1/T and In(rate/T)
versus 1/7 gave straight lines with slopes of —F, and
(-H*/R), respectively. The intercepts are 4 and
(InR/Nh)+AS*/R) for the Arrhenius and Eyring
transition state equations, respectively.

The linear regression coefficients in Table 3 show
that the relationship between In(rate) and 1/T, and
In (rate/T) and 1/T can be described by the Arrhenius
equation and Eyring transition state equations,
respectively. The activation parameters; Ea, AH*
and AS* for the corrosion process were determined
and presented in Table 3.The free energy change, AG*
for the corrosion process was calculated using the
relationship AG* =AH* — TAS* and the results
obtained given in Table 3. The values of pre-
exponential factor and apparent activation energy
are higher in the presence of the inhibitor. The values
of pre-exponential factor and apparent activation for
the unhibited solution are 5.76 x 10"° gm ~*h ! and
93.10 kJ mol !, respectively, while 2.39 x 10%° to
1.3 x10*>gm *h~'and 121.16-155.88 kJ mol ~ ' are
obtained for pre-exponential factor and apparent

1 A
i # control
05 5 m0.5mM
o 1mM
e 0 2mMm
€
a -0.5 A1
§
o —14
E
o —1.5 A
s
£ 2
2.5
-3 T T T T 1
3.1 3.15 3.2 3.25 3.3 3.35

UT x 1073 (K'Y

Figure 6. Arrhenius plots for copper in 2.5 M solution with
and without thiamine hydrochloride.
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Figure 7. Errying plots for copper in 2.5 M solution with
and without thiamine hydrochloride.

activation energy, respectively, for the inhibited
solutions. This result suggests that both the increase
in apparent activation energy and pre-exponential
factor leads to an increase in energy barrier for the
corrosion of copper in HNOj5 solution. Foudal et al.
(31) has reported similar trend in the value of
apparent activation energy for copper corrosion in
HNO; acid solution in the presence of phthalimide
derivatives.

In uninhibited and inhibited solutions the values
of E, are larger than for the corresponding values of
AH* with 2.66 kJ mol'; this is in agreement with the
well-known equation for a unimolecular reaction,
E,— AH* =RT (32,33). The positive values of AG* in
the absence and presence of AMMPTC show that the
activated complex was not stable both in the absence
and presence of the inhibitor. As presented in
Table 3, AG* becomes more positive with increasing
concentration of the inhibitor. The implies that in the
presence of the inhibitor the activated complex
becomes less stable as compared to its absence.

The mechanism of inhibition

Corrosion inhibition of copper in nitric acid solution
by thiamine hydrochloride can be explained on the
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basis of adsorption of its molecule on the metal
surface. In acid solutions, thiamine hydrochloride
exists as cationic species by being protonated at the
sulfur atom, since such compounds are known to
be protonated at the sulfur atom (/7,12). The charge
molecules adsorb on the charge metal surface,
thereby reducing the surface area that is available
for the attack of the aggressive ions from the acid
solutions.

The value of AGS,; obtained (—30.55 kJ mol ') is
in support of electrostatic interaction between the
charge inhibitor and the charge metal surface (that is
physisorption mechanism).

Experimental

Material preparation

The chemical structure of the compound of interest,
3-[(4-amino-2-methyl-5-pyrimidinyl)methyl]-5-(2-hy-
droxyethyl)-4-methyl thiazolium chloride hydrochlo-
ride or thiamine hydrochloride is presented below:

NH,
CH,
+
S CH,
( \S CIHCI
N S
H,C CH,-CH,-OH

The thiamine hydrochloride (CAS 67 — 03 — 8) and
HNO; were analytical grade reagents and used as
received.

Rectangular specimens in sizes of 5 x2 x0.04 cm
were cut from copper sheet (98.61% Cu) for weight
loss measurements. The coupons were used for the
study as received without further polishing, but were
degreased in absolute ethanol, dried in acetone, and
stored in a moisture free desiccators before their use
in corrosion studies. Doubly distilled water was used
for the preparation of all the solutions. Additive
concentrations of 0.01, 0.05, 0.1, 0.2, 0.5, 1, and
2 mM were prepared in the electrolyte solution
(2.5 M HNOy).

Table 3. Corrosion activation parameters and the correlation coefficients for copper in 2.5 M HNOj; with and without

thiamine hydrochloride.

AMMPTC (mM) A(mgcm 2 min') Ea (kJ mol™")

AH* (kImol™!) AG* (kJmol™!) aS* JKmol™') R?

0 5.76 x 10%° 93.10
0.5 2.39 x 10%° 121.16
1 1.30 x 10%° 155.88

2 5.57 x 10% 153.88

90.49 75.93 48.05 0.999
118.55 77.20 136.47 0.994
153.27 78.65 246.28 0.992
151.26 78.78 239.18 0.990
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Weight loss determination

The procedure for weight loss determination was
similar to that reported previously (//,13). The pre-
weighed copper coupons were immersed in 50 ml of
2.5 M HNOj; solutions (in open beakers) without and
with different concentrations (0.01-2 mM) of the
additive at 30°C. The variation of weight loss was
monitored at 30 min interval progressively for
120 min per coupon at 30°C. Each reading reported
is an average of three experimental readings recorded
to the nearest 0.0001 g on a Mettler digital analytical
balance.

The effect of temperature on the corrosion rate of
copper coupon in 2.5 M HNO; for 30 min immersion
period at 35, 40, and 45 +0.2°C was also studied with
0.5, 1, and 2 mM thiamine hydrochloride. The
temperature was thermostatically controlled using
water thermostat with precision of +0.2°C. Corro-
sion rate (r,), and percentage inhibition (% I) were
calculated using Equations (6) and (7):

w

Syt (6)

r
where W is weight loss of materials in mg, A4 is area of
test coupon in cm?, 7 is time of exposure in minutes,

and r, is the corrosion rate in mg cm > min ';

ol = B = Tw o 00, 7
r

sa

where ry, and r, are the corrosion rates in the absence
and presence of inhibitor, respectively, for the same
immersion period.

Conclusions

Based on the results obtained, the following conclu-
sions can be drawn:

The studied compound thiamine hydrochloride
can be used as nontoxic corrosion inhibitor for
copper corrosion in HNOj solution.

The inhibition efficiency of thiamine hydrochlo-
ride increases with increasing inhibitor concentration
over the concentration range 0.01-2 mM and
decreases with increasing temperature.

The inhibitive action of the inhibitor was attrib-
uted to adsorption of its molecule on to copper
surface in the acidic solution and the data fit well into
Langmuir adsorption isotherm.

The value of AGY; was negative and this con-
firmed the spontaneity of the adsorption process on
the surface of copper in nitric acid solution. The

corrosion activation parameters (E,, AH*, AS*, and
AG* were higher in the presence of thiamine hydro-
chloride than in the absence of thiamine hydrochlo-
ride.
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