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Coconut coir dust extract: a novel eco-friendly corrosion inhibitor for Al in HCI solutions

S.A. Umoren*, UM. Eduok, A.U. Israel, I.B. Obot and M.M. Solomon

Faculty of Science, Department of Chemistry, University of Uyo, PMB 1017, Uyo, Nigeria
(Received 3 April 2011; final version received 9 August 2011)

Corrosion inhibition of aluminium in 1 M HCI by coconut coir dust extract (CCDE) was studied using weight
loss and hydrogen evolution techniques at 30 and 60°C. It was found that the studied extract exhibits a very good
performance as inhibitor for aluminium corrosion in 1 M HCI. Results show that the inhibition efficiency
increases with increasing temperature and concentration of the extract. Inhibitive effect was afforded by
adsorption of the extracts’ components which was found to accord with Langmuir adsorption isotherm.
Inhibition mechanism is deduced from the temperature dependence of the inhibition efficiency and was further
corroborated by the values of activation parameters obtained from the experimental data.
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1. Introduction

Aluminium is the most commonly used metal in
power transmission and the metallurgy of nonferrous
metals due to its high-electrical conductivity, good
working and forming properties, low density, light-
ness, ease of recycling, high-mechanical strength, and
ductility (/). Although aluminium has a protective
oxide film, which contributes to its resistance to
corrosion to a great variety of chemical agents (2),
corrosion inhibitors should be used to improve its
corrosion resistance because, according to the Pour-
baix diagram, the solubility of the oxide film increases
below pH 4.

The pickling, chemical, and the electrochemical
etching of aluminium are carried out with hydrochlo-
ric acid solutions. The solubility of the protective
oxide film upon the Al surface increases above and
below pH 4-9 (3-5) range and aluminium exhibits a
uniform attack. Inhibitors are used to prevent metal
dissolution and minimize acid consumption. A num-
ber of organic compounds have been described as
aluminium corrosion inhibitors in hydrochloric acid
solution (6—11). Although most of the organic
compounds have high inhibitive performance, their
high cost and toxicity are the main drawbacks in the
use of these compounds as corrosion inhibitors (/2).
In recent times most corrosion inhibitors studies have
been focused on the development of “‘environmental
friendly” compounds in response to legislation

changes concerning environmental protection. This
term includes formulations that are not toxic to
humans, have low environmental impact, optimal
biodegradability, and maintain their efficiency and
cost-effectiveness. Thus, since the 1990s, many in-
vestigations have been related to the evaluation of
natural compounds as corrosion inhibitors; in this
sense, some amino acids, vitamins, plant extracts, and
soluble natural polymers have been tested (/3-22).
In our laboratory, we have investigated and reported
on the corrosion inhibition of aluminium in alkaline/
acidic media using plant extracts and natural poly-
mers (23-28).

In the extraction of coir fiber from the coconut
husk and in the production of finished materials from
the extracted fiber, a large amount of coir dust is
produced. Coconut coir dust is described as that
brown, spongy particle of low weight which falls out
when the fiber is shredded from the husk. The coir
dust is about 70% of the weight of the coconut husk
(29). Coir dust is rich in lignins and tannins. It is
reported to be composed of cellulose, pentosan,
furfural, and lignin (30, 37). While a great deal has
already been learned about the solid parts of the
coconut, coir dust has, up to now, the least use and is
still considered waste and nuisance for which no
important industrial uses have been developed, and
they are normally incinerated or dumped without
control (32, 33). It is known to have no commercial
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importance except, may be, in applications where
sawdust is used in a very limited amount. However, in
an effort to find immediate solution to the perennial
problem of coir dust disposal, several product devel-
opment activities were undertaken that may bring
about the large scale utilization of this waste material.
For sometime, coir dust was used in the tropics as a
locally available material for preparing soilless grow-
ing media for containerized crop production (34, 35).
Only during the past few years has this material
become commercially popular and it is now being
successfully used in different parts of the world as an
environmentally sound peat substitute for container-
grown ornamental plants (36, 37).

Although there have been many research reports
on the natural products as corrosion inhibitor for
aluminium in aggressive solutions (38—42), but no
published information to our knowledge is available
on extract of coconut coir dust as corrosion inhibitor
for any metal. The aim of this present work is to
investigate the corrosion inhibiting effect of coconut
coir dust extract (CCDE) at 30—-60°C using weight
loss and hydrogen evolution methods as part of our
contribution to the growing interest on environmen-
tal friendly corrosion inhibitors as well as a means of
practically exploiting this abundant natural resource.
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2. Results and discussion

2.1. FTIR analysis of CCD extract

It is well established that FTIR spectrophotometer is
a powerful tool that can be used to identify the type
of bonding particularly functional group(s) present in
organic compounds. Figure 1 shows the IR spectrum
of the acetone extract of coconut coir dust. Original
absorption at 3434.38 cm ' (associated hydroxyl)
was overlapped by the strong stretching mode of N—
H. The 1618.06 cm ~' band is assigned to the N-H
bend. The peak at 1285.05 cm ~' can be assigned to
stretching mode of C—N group. The bands at 1447.62
em ! are attributed to C—C in ring (for aromatic).
The absorption band at 1519.65 cm ~! is assigned to
the N—-O Asymmetric stretch and 1115.39 cm ! is
assigned to C—O stretch. This shows that this plant
extracts contains mixtures of compounds, that is,
alkaloids, flavonoids, organic acids, and so on (43).

2.2. Weight loss, corrosion rates, and inhibition
efficiency

The electrochemistry of corroding metals involves
two or more half-cell reactions. For aluminium in
acid solutions, the corrosion reaction proceeds via
two possible reactions namely, the partial anodic
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Figure 1. FTIR spectrum of coconut coir dust extract.
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reaction that can be represented by the dissolution of
metal according to the following:

Al — AP*+3e (1)

and the partial cathodic reaction which can be
represented by the overall reaction:

2H"+2e — Hy () 2

The overall chemical reaction is the sum of these two
half-cell reactions and can be represented by:

Al+2H" — AP" +H, (3)

The overall chemical reaction in Equation (3) sug-
gests four ways to determine the corrosion rate by
chemical (nonelectrochemical) means. These are (1)
to determine the quantity of solid aluminium lost due
to corrosion by measuring the weight loss (or thick-
ness lost) of the metallic aluminium specimen, (2) to
measure the concentration of dissolved A’ ™ jons
which are produced in solution, (3) to determine the
quantity of hydrogen gas which is produced by the
corrosion reaction, and (4) to determine pH changes
in solution caused by the consumption of H* ions. In
the present work, the corrosion rate of aluminium
was assessed using weight loss and hydrogen evolu-
tion methods. The weight loss method is probably the
most widely used method of corrosion inhibition
assessment (44—47). The simplicity and reliability of
the measurement offered by the weight loss method is
such that the technique forms the baseline method of
measurement in many corrosion monitoring pro-
grams (48). Figure 2 shows the plot of weight loss
against time for Al corrosion in 1 M HCI without and
with different concentrations of coconut coir dust
extract (CCDE) at (a) 30 and (b) 60°C. Inspection of
the figure reveals that the weight loss of aluminium
specimens was reduced on introduction of CCDE
into the corrosive medium.

The computed values of corrosion rate, inhibition
efficiency, and degree of surface coverage from
weight loss measurements are presented in Table 1.
These parameters were computed using Equations
(4), (5), and (6), respectively.

87.6 W
pAt

CR(mm/yr) = @)

where CR is the corrosion rate, ¥ is the weight loss of
the aluminium coupon after 10 h of immersion (mg),
p is the density of aluminium specimen (g cm ~2), 4 is
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the area of the aluminium coupon (cm?) and ¢ is the
exposure time (h).

CR,,.. — CR.
%n — < blank mh) % 100 (5)
CRblank

where CRyj,x and CR;,, are the corrosion rates of
the aluminium coupons in the absence and presence
of CCDE respectively in 1 M HCI at the same
temperature.

) 1%
100

Results in the table indicate that the extract act as
good corrosion inhibitor for aluminium in 1 M HCI
solution given that the corrosion rate was reduced in
the presence of the extract compared with its absence.
Further inspection of Table 1 reveals that corrosion
rate increases with increase in temperature with the
highest values obtained at 60°C both in the absence
and presence of the extract.

It is seen from the data that the studied CCDE has
inhibiting effect at the studied temperatures and the
values of M(%) increases with increase in tempera-
ture. Thus, the acetone extract inhibitor efficiency
was temperature-dependent. The fact that m(%)
increases with temperature is explained by Ammar
et al. (49) as the likely specific interaction between the
aluminium surface and the inhibitor. Ivanov (50)
considers the increase of m(%) with temperature
increase as the change in the nature of the adsorption
mode, the inhibitor is being physically adsorbed at
lower temperatures, while chemisorption is favored as
temperature increases. The data in the table also
indicate that inhibition efficiency increases with
increase in extract concentration. This can be attrib-
uted to an increase in the number of components of
the extract adsorbed over the aluminiuml surface
blocking the active sites in which direct acid attacks
proceeds and protects the metal from corrosion.

The inhibition performances of CCDE could be
explained as follows: FTIR spectrum in Figure 1
demonstrates that CCDE is a mixture of various
compounds containing oxygen (O) and nitrogen (N)
polar functions which all can be adsorbed on the
corroded metal. The adsorption of components of
CCDE onto the surface of Al alloy may take place
through all these functional groups. As the corrosion
resistant concentration increases, the area of the metal
surface covered by the corrosion resistant molecule
also increases, leading to an increase in the inhibition
efficiency. One of the main criticisms of the use of
plant extracts generally as corrosion inhibitors is the
inability to pinpoint the major active component that
is responsible for the corrosion inhibition effect owing

(6)
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Figure 2. Plot of weight loss against time for Al in 1 M HCI without and with different concentrations of CCDE at (a) 30°C

and (b) 60°C.

to the complex chemical composition of the crude
extracts. However, further investigation and the use of
surface analytical techniques will enable the charac-
terization of the active materials in the adsorbed layer
and assist in identifying the most active ingredients in
the acetone extract of Coconut Coir Dust which is
currently being pursued in our laboratory.

2.3. Hydrogen evolution measurements

The following mechanisms can be proposed for
hydrogen evolution reaction (HER) on electrodes in
acidic media (57):

1. A primary discharge step (Volmer reaction)
M + H;0" +e < MH,, + H,0 (7)

2. An electrochemical-desorption step (Heyrowsky
reaction)

MH,, + H;0" +e — M + H, + H,0 (8)
3. A recombination step (Tafel reaction)

MHad + MHad —2M + H2 (9)
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Table 1. Calculated values of corrosion rate, inhibition efficiency and surface coverage for Alin 1 M HCl in the absence and
presence of coconut coir dust extract at 30 and 60°C from weight loss measurements.

Corrosion rate (mm/yr) x 10 >

Inhibition efficiency (%)

Surface coverage (8)

Concentration 30°C 60°C 30°C 60°C 30°C 60°C
Blank 9.91 24.44 - - -

0.1 g/1 6.81 11.99 31.3 50.9 0.31 0.51
0.2 g/l 6.06 11.24 38.8 54.0 0.39 0.54
0.3 g/l 5.61 9.14 43.4 62.6 0.43 0.63
0.4 g/1 4.73 7.01 52.3 71.3 0.52 0.71
0.5 g/l 4.05 491 59.1 80.0 0.59 0.80

For hydrogen evolution reaction, the cathodic reac-
tion may have three different steps: First, water
molecule or hydronium ion is discharged on electrode
surface to produce hydrogen atom in acidic solution
and an adsorbed hydrogen atom, MH,g, is generated
(Volmer reaction). Second, one electron is transferred
to a hydronium ion and the hydrogen evolution
reaction occurs on metal surface (Heyrowsky reac-
tion) or a pure chemical reaction takes place subse-
quently (Tafel reaction) (52).

In spite of the three states for the formulation of
the mechanism, no one of the three reactions
formulated occurs as a single step but combines
with another; i.e. Volmer reaction (slow) with the
following Heyrowsky (faster) or Tafel (faster) reac-
tion must be. If Volmer reaction is fast, Tafel and/or
Heyrowsky reaction must be slow. The step of a slow
reaction follows a fast step. So, the presence of
CCDE extract may hinder the formation of MH,q4
and suppress reaction (7) or hinder the electron
transfer to H;O™" ion and suppress reaction (8). The
corrosion rates of aluminium in the absence and
presence CCDE were assessed by monitoring the
volume of hydrogen gas evolved at fixed time
intervals. Figure 3 shows representative plots of the
volume of the hydrogen gas evolved as a function of
reaction time at 30 and 60°C for Al in 1 M HCI in
the absence and presence of different concentrations
of the CCDE. Inspection of the figure shows a
remarkable increase in the volume of H, gas evolved
in the blank acid solution at both temperatures
studied. On the introduction of CCDE into the
corrosive medium, it is seen that there is a consider-
able reduction in the volume of H, gas evolved,
suggesting that the components of CCDE were
adsorbed onto the metal surface and blocked the
electrochemical reaction efficiently by decreasing
the available surface area.

The rate of hydrogen evolution and inhibition
efficiency was computed using Equations (10)

and (11) respectively and the results are listed in
Table 2.

V.=V,
— t 1 (10)
Tt - Tl

Pu

where V' and V; are volumes of hydrogen evolved at
time 7 and Tj, respectively.

n% = PH(blank) ~ PH(inh) % 100 11
PH (blank)

where p (blanky and py (inny are the rate of hydrogen
evolution in the absence and presence of extracts,
respectively.

The results show that the extracts diminished the
H, gas evolution rate and hence inhibited aluminium
corrosion in the acidic environment. Generally the
rate of H, gas evolution decreased with increasing
extract concentration, suggesting that the inhibiting
action was concentration dependent. Also, the rate of
H, evolution was observed to increase with increase
in temperature. Results presented in Table 2 also
show that inhibition efficiency increases with increase
in the concentration of the extract and also with
increase in temperature. Increase in inhibition effi-
ciency with increase in temperature is suggestive of
chemical adsorption of the CCDE components onto
the aluminium surface. It is worthy to mention that
inhibition efficiency obtained from the hydrogen
evolution method follow the same trend observed
from the weight loss method. However, the differ-
ences in results from the two independent methods
can be attributed to differences in immersion time
needed for the inhibiting species to get adsorbed and
form a protective film on the aluminium surface
thereby isolating the metal from attack of the
aggressive anions present in solution. In addition, it
has been argued that corrosion rate values from
hydrogen evolution method represent instantaneous
values while those one from weight loss method
represent average values (53, 54).
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Figure 3. Plot of volume of H, evolved against time for Al in 1 M HCI without and with different concentrations of CCDE at

(a) 30°C and (b) 60°C.

2.4. Adsorption consideration

A number of mathematical relationships representing
adsorption isotherms that characterize the depen-
dence of the surface coverage function, 0, on the
inhibitor concentration have been suggested to fit the
various experimental data. Some of these isotherms
are empirical and others are theoretical (55).
An adsorbed molecule may make adsorption more
difficult or less difficult if it is attached to another
neighboring molecule. Thus, multilayer adsorption
may take place through occupation of more than one
surface site by an inhibitor molecule or the adsorp-
tion of more than one inhibitor molecule per surface
site. A number of mathematical expressions have thus

been developed to take into consideration some of the
non-ideal effects. The most used expressions are
Langmiur, Freundlich, Frumkin, Hill de Boer,
Parsons, Temkin, Flory-Huggins, Bockris-Swinkels,
adsorption isotherms, and kinetic-thermodynamic
model (56). Basically, all the above isotherms having
the form (57):

f(0,x) exp(—2ab) = K,4,C (12)

where (0, x) is the configurational factor which
depends essentially on the physical model and
assumptions underlying derivation of the isotherm,
0 is the degree of surface coverage, a is the
molecular interaction parameter depending on the
molecular interactions in the adsorption layer
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Table 2. Calculated values of hydrogen evolution rate, inhibition efficiency and surface coverage for Al in 1 M HCl in the
absence and presence of coconut coir dust extract at 30 and 60 °C from hydrogen evolution measurements.

H, evolution rate (ml/min) x 10 ~2

Inhibition efficiency (%)

Surface coverage ()

Concentration 30°C 60°C 30°C 60°C 30°C 60°C
Blank 0.35 15.57 - - - -

0.1 g/1 0.28 8.06 18.6 48.3 0.19 0.48
0.2 g/l 0.28 7.23 20.1 53.6 0.20 0.54
0.3 g/l 0.26 6.23 24.9 60.0 0.25 0.60
0.4 g/1 0.24 5.50 31.2 64.6 0.31 0.65
0.5 g/l 0.21 4.52 41.3 70.9 0.41 0.71

and the degree of heterogeneity of the surface and
C is the concentration. Moreover, all above
expressions include the equilibrium constant of
the adsorption process, K,qs, Which is related to
the standard free energy of adsorption AGY, by the
expression:

0

A(;ads (13)
2.303RT
where Cyy o is the concentration of water expressed in
g 17! (the same as that of inhibitor concentration), R
is the molar gas constant and 7 is the absolute
temperature.

Attempt was made to fit the degree of surface
coverage values to the earlier mentioned adsorption
isotherm and the correlation coefficient R* was used to
determine the best fit isotherm. By far, best result was
obtained with Langmuir isotherm model. This iso-
therm is based on the assumption that all the adsorp-
tion sites are equivalent and that the particle-binding
occurs independently from the nearby sites being
occupied or unoccupied (58). It is characterized by:

C 1

=—— 4+ C 14
0 Kdds ( )

log K4 = —log Cyy,0 —

Figure 4 shows the plot of § vs C and linear plots were
obtained at 30 and 60°C indicating that the adsorp-
tion of CCDE followed Langmuir isotherm. The
various adsorption parameters obtained from this
isotherm are listed in Table 3. The values of K4
obtained from the Langmuir isotherm are listed in
Table 3 for the inhibitor (CCDE) as a function
of temperature. It follows from the data listed on
Table 3 that the values of K,q increases with
temperature. These results confirm the suggestion
that this inhibitor is chemically adsorbed and the
strength of adsorption increases with temperature.
The values of the free energy of adsorption, AGY,
was obtained from Equation (13) and are given in
Table 3. Results presented in the table indicate that

the values of AGY, are negative in all cases and lies

between —16.73 and —13.75 kJ/mol. The negative
values signify a spontaneous adsorption of the
inhibitor molecules and stability of the adsorption
layer. Generally, values of AG%,, < —20 kJ mol '
signify physisorption, and values more negative than
—40 kJ mol ~ " signify chemisorption (59, 60), physi-
sorption is consistent with electrostatic interaction
between charged molecules and a charged metal while
chemisorption is consistent with charge sharing or
transfer from the inhibitor components to the metal
surface to form a co-ordinate type of bond. Although
the increase in inhibition efficiency with increase
in temperature suggests chemisorption of CCDE
components onto aluminium surface, the values of
free energy of adsorption seems to suggest otherwise.
This discrepancy could be attributed to the fact that
there are many limitations on the application of
Langmuir adsorption isotherm for the analysis of
inhibition phenomena and related data. According to
Khaled and El-Maghraby (61), some of these limita-
tions are that simple adsorption is applicable only
under the following conditions:

= 30°C
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0.4
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0.0 01 0.2 03 04 0.5 06
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Figure 4. Langmuir adsorption isotherm model for Al in 1
M HCI containing CCDE at 30 and 60°C.
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Table 3. Adsorption parameters from Langmuir isotherm
for coconut coir dust extract in 1 M HCI for Al corrosion at
30 and 60°C.

Temperature

(°C) AGY (kI mol™') K, Slope R’
30 —13.75 4.23 1.30  0.98
60 —16.73 7.58 1.05  0.98

(1) The surface of the metal is homogeneous.

(2) The adsorbate is specifically adsorbed, and each
adsorbed species occupies only a single site of the
surface.

(3) There is no surface diffusion of the adsorbed
compounds.

(4) The standard free energy of adsorption is indepen-
dent of the degree of coverage.

In addition, the adsorption may be highly selective
with electrode reaction and may be potential-depen-
dent, and the adsorbates may be competitive with
water molecules.

The essential characteristic of Langmuir isotherm
can be expressed in terms of a dimensionless separa-
tion factor, K; (62, 63) which describes the type of
isotherm and is defined by:

1

- 15
1—~_Kvads(j ( )

K,

The estimated values of K; for CCDE at different
concentrations at 30 and 60°C are given in Table 4. If
K; >1 unfavorable, K; =1 linear, 0 < K; <1 favor-
able, and K; =1 irreversible. It was found that all K
values are less than unity confirming that the
adsorption process is favorable. However, according
to the mean value of K; for each temperature, the
inhibitory action of CCDE is more favorable at
higher temperature.

Table 4. The values of dimensionless separation factor, K;,
for coconut coir dust extract at various concentrations.

2.5. Effect of temperature

Temperature affects the rate of all electrochemical
processes and influences adsorption equilibria and
kinetics as well. Temperature investigations allow the
determination of activation energy, pre-exponential
factor and other thermodynamic activation functions
in the absence and in the presence of inhibitor. The
change of the corrosion process rate with the
temperature increase was studied in 1 M HCI, both
in the absence and in the presence of different
concentrations of CCDE from weight loss measure-
ments at 30 and 60°C.

The activation parameters for the corrosion
process were calculated from Arrhenius-type plot
according to the following equation:

1og&=i<i—i> (16)
p; 2303R\T, T,

where p, and p; are the corrosion rates at tempera-
ture 77 and 7>, respectively, and R the molar gas
constant. The calculated values of activation energy,
E, are listed in Table 5. Inspection of the data show
that the activation energy is lower in the presence of
inhibitors than in its absence. The decrease in E, with
CCDE concentration (Table 4) is typical of chemi-
sorption. This was attributed by Hoar and Holliday
(64) to a slow rate of inhibitor adsorption with a
resultant closer approach to equilibrium during the
experiments at the higher temperature. But, Riggs
and Hurd (65) explained that the decrease in activa-
tion energy of corrosion at higher levels of inhibition
arises from a shift of the net corrosion reaction from
that on the uncovered part on the metal surface to the
covered one. Schmid and Huang (66) found that
organic molecules inhibit both the anodic and catho-
dic partial reactions on the electrode surface and a
parallel reaction takes place on the covered area, but
that the reaction rate on the covered area is substan-
tially less than on the uncovered area as obtained in
the present work (Tables 1 and 5).

Table 5. Calculated values of activation energy E, and heat
of adsorption Q,4s for Al in 1 M HCI without and with
different concentrations of coconut coir dust extract at 30—
60°C.

Kp
System/ E, ki mol™")  Qugs (kI mol™")

Concentration (g/1) 30°C 60°C concentration 30-60°C 30-60°C

0.1 0.702 0.569 Blank 25.3 -

0.2 0.542 0.397 0.1 g/l 18.8 22.9

0.3 0.440 0.305 0.2 g/l 17.2 17.2

0.4 0.371 0.248 0.3 g/l 13.7 21.8

0.5 0.321 0.209 0.4 g/l 11.0 229
Mean value 0.475 0.346 0.5 g/l 5.4 28.3
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Table 6. Elemental composition (Wt%) of the Al 3SR sample used in the study.

Element Si Fe Cu Mn

Zn Ti Cr \'% Pb Al

Composition 0.2885 0.5783  0.0809 0.2732 0.0273

0.1029 0.0125 0.0057 0.0051 0.0766 98.60

An estimate of heat of adsorption was obtained
from the trend of surface coverage with temperature

as follows (67):
0
1 | -1 !

w [ B2 T2 iy ol (17)
T2 - Tl

Q.4 = 2.303R

where 0; and 0, are the degrees of surface coverage at
temperatures 77 and 7>, The calculated values for
both parameters are given in Table 5. The positive
Q.45 values indicate that the degree of surface cover-
age increased with rise in temperature, supporting the
earlier proposed chemisorption mechanism for
CCDE.

3. Experimental

Aluminium specimen used in the study was supplied by
First Aluminium Company Nigeria Ltd and has the
composition listed in Table 6. The sheet was 0.04 cm in
thickness and was mechanically press-cut into 5 x 4 cm
coupons. These were abraded with different grades (#
600, 800, 1000, and 1200) silicon carbide paper,
degreased in absolute ethanol, dried in acetone, and
stored in moisture-free desiccators prior to use. The
corrosive medium was 1 M HCI prepared from 37%
analytical grade supplied by Sigma-Aldrich. Deionised
water was used for the preparation of all reagents.

The coconut coir dust was obtained from local
farmers and transported to the laboratory. One kilo-
gramme of the coconut coir dust was extracted in
Soxhlet apparatus using acetone for 48 h. The extract
was concentrated initially using vacuum evaporator
and finally by evaporation to dryness on a steam bath
to obtain a solid residue devoid of acetone.

The apparatus used in the investigation included
Perkin-Elmer FTIR spectrophotometer (100 series)
for characterization of the acetone extract of the coir
dust in order to determine the functional groups
present in the extract that may be responsible to the
corrosion inhibiting effect. The gasometric assembly,
an apparatus that measures the volume of gas evolved
from a reaction system. It consists of essentially two-
necked round bottom flask which serves as the
reaction medium containing the corrodent and the
metal coupons. Others are a separating funnel, a

burette fitted with taps and an outer glass jacket that
serves as a water condenser.

Weight loss measurements were conducted in a
glass reaction vessels containing 150 ml of test solution
maintained at 30 and 60°C. Tests were performed
under total immersion in the absence and presence of
the inhibitor. In each experiment, the cleaned and
weighed alumnum coupon was suspended in the
different test solutions with the help of glass rod and
hook. The test coupons were retrieved at 2 h interval
progressively for 10 h, thoroughly cleaned as pre-
viously reported (67) and reweighed using digital
analytical balance with sensitivity 0.1 mg. The weight
loss was taken as the difference between the weight at a
given time and the initial weight of the coupon.
The tests were performed in triplicate to guarantee
the reliability of the results and the mean value of
the weight loss is reported. The reproducibility of the
experiment was higher than 95%.

The procedure followed for the hydrogen evolu-
tion measurements have been described elsewhere (24,
(31-33). The test solution was kept at 100 ml. The
progress of corrosion in the absence and presence of
test inhibitor was monitored by careful measurements
of the volume of hydrogen gas evolved at fixed time
intervals. The experiments were performed for 1 M
HCI (blank) and different concentrations of CCDE
(0.1-0.5 g/l) at 30 and 60°C maintained using a
thermostated water bath.

4. Conclusions

Corrosion inhibitive effect of CCDE for Al in 1 M
HCI has been assessed using chemical techniques of
corrosion monitoring at 30 and 60°C. Results ob-
tained showed that CCDE acts as a good corrosion
inhibitor for acid induced corrosion of Al. Inhibition
efficiency increases with increase in CCDE concen-
tration and also with increase in temperature. The
inhibition was assumed to occur via adsorption of the
CCDE components on the metal surface, which
depends on the molecular structure and functional
groups present on the extract. The adsorption of the
extract on the Al surface obeys the Langmuir
adsorption isotherm. Chemical adsorption mechan-
ism is proposed from the trend of inhibition efficiency
with temperature which is also corroborated by
kinetic and thermodynamic parameters obtained.This
present study provides new information on the



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

312 S.A. Umoren et al.

inhibiting characteristics of CCDE under specified
conditions. The environmental friendly inhibitor
could find possible applications in metal surface
anodizing and surface coating in industries.
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