( )

Journal of Yunnan University

2004, 26 (5): 429~ 433

CN 53— 1045/N ISSN 0258- 7971

Synergistic inhibition between cetyltrimethyl ammonium
bromide (CTAB) and Na(l on the corrosion of cold rolled
steel in the various concentrations of sulfuric acid
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Abstract: The effect of cetyltrimethyl ammonium bromide (CT AB) and NaClon the corrosion of cold rolled steel

in 0.5—2.0 mol/ L sulfuric acid w as investigated by using weight less and electrochemical methods. The complex of

CTAB and NaCl acts as a mixed type inhibitor, which mainly inhibits cathodic reaction. T he adsorption of complex fot

lows with the Langmuir adsorption isot herm. A synergistic inhibition between CT AB and NaCl against steel corrosion

in sulfuric acid was demonstrated.
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Cety ltrimethyl ammonium bromide ( CT AB) is
a cationic surfactant, and the corrosion action of steel
in HCI, oxalic acid and nitric acid in the presence of
different concentrations of CTAB was ivestigated
by Xueming Li", et al. using weight loss method.
T he investigation shows that CTAB acts as a good
corrosion inhibitor for steel corrosion in HCI, but be-
haves as a corrosion accelerator for steel corrosion in
nitric acid.

Sulfuric acid is a widely used corrosion medi-
um, but CTAB can not effectively inhibit steel corro-
sion in sulfuric acid. In order to expand the usage of
CT AB as an inhibitor in various acid media, the au-
thors investigated the corrosion inhibition by CTAB
for steel corrosion in sulfuric acid and the improve-
ment in inhibition efficiency of CTAB by addition of
chloride ion, and the authors explained the synergism

mechanism between CTAB and chloride ion for steel
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corrosion in sulfuric acid.

1 Experimental method

1.1 Materials The experiments were performed
with cold rolled steel specimens with the following
composition: w ( C) K0.10%, w (Mn) <0. 50% , w
(P) <0.025%, w (S) K0.025% , and Fe remairr
der.

1.2 Solutions The aggressive solutions used were
made of AR grade sulfuric acid. A ppropriate concerr
trations of acid were prepared using distilled water.
The concentrations of inhibitor employed were 1—5
x 10”7 mol/ L. CTAB and 0. 1 mol/L NaClin 0.5 —
2.0 mol/ L sulfuric acid.

1. 3 Gravimetric method and electrochemical
method The specific method of operation is same as

described earlier' 2!
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2 Experimental results and discussion
2.1 Effect of sulfuric acid concentration on corro-
sion rate of steel The values of corrosion rate were
calculated based on the method used in reference 'l
Fig. 1 indicates that corrosion rate linearly in-
creases with the increase in concentration of sulfuric
acid in the absence and presence of inhibitor. It is
worth noting that the corrosion rate for the solution
in the presence of CTAB and NaCl is very close to

zero, indicating that the corrosion of steel is greatly
inhibited by the conjunct action of CTAB and NaCl.
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2.2 Effect of concentration of CTAB and sulfuric
Inhibi

tion efficiencies of inhibitors were calculated by us

acid concentration on inhibition efficiency

ing the following equation

E(% )= 100% ( Vo V)/ Vb, (1)
where W and V are the corrosion rate of the speci
mens without and with the addition of inhibitor, re-
spectively.

The relationship between inhibition efficiency
and concentration of CTAB is shown in Fig. 2. It is
obvious that the highest
smaller than 90% , and CTAB drastically loses its in-

hibition action below the concentration of 2 x 107 °

inhibition efficiency is

mol/ L. In order to improve the inhibition efficiency

of CTAB and decrease the inhibitor concentration,

chloride ion is added in sulfuric acid.
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Fig. 2 Dependence of inhibition efficiency on concentration of

CTAB in 1.0 mol/ L sulfuric acid

The inhibition efficiencies for steel corrosion in
0.5 mol/ L sulfuric acid were calculated and listed in
Tab. 1. Obviously, 1 X 10" > mol/ L. CTAB only has
13. 762% protection against steel corrosion. Single
NaCl exhibits low inhibition efficiency (< 60%) , in
the presence of both CTAB and NaCl, how ever, inhi-
bition efficiency can reach 97%, indicating the syrmr

ergistic inhibition between CT AB and NaCl.

Tab. 1 Inhibition efficiency calculated from weight loss
method in 0.5 mol/ L sulfuric acid at 40°C

c(NaCl)/ ¢(CTAB)/ Inhibition efficiency
(mokL™")  (mok L' 1%

0. 005 0 11. 496
0. 01 0 18. 735
0. 05 0 46.278
0.1 0 38. 424
0.3 0 51. 659
0.5 0 55. 885
0 1x107° 13. 762
0. 005 1x 1073 56. 347
0. 01 1x 1077 90. 016
0. 05 1x 107 ° 95. 952
0.1 1x107° 96. 574
0.3 1x 1077 97. 344
0.5 1x 10°° 97. 648

The relationship betw een inhibition efficiency
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and sulfuric acid concentration is shown in Fig. 3. It
is obvious that inhibition efficiency for single NaCl
increases with an increase in acid concentration, inhi-
bition efficiency for single CTAB and the mixture,
however, decreases with an increase in acid concen-
tration. In Fig. 3,“ A” represents the sum of the n-
hibition efficiency for single NaCl and single CT AB.
Clearly, the inhibition efficiency is smaller than that
for the presence of the mixture of NaCl and CTAB
(“ A7), this is the result of the synergistic inhibition
between CTAB and NaCL
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It is worth noting that with the increase in sul-

furic acid concentration, the synergistic inhibition, on
the whole, remains as a constant and the values are
very close to 100% .
2.3 Effect of 1x 10°° mol/L CTAB and 0. 1
mol/ L. NaCl on the corrosion of steel in 0. 5—2. 0
mol/ L sulfuric acid In order to investigate the ef-
fect of sulfuric acid concentration on the corrosion of
steel, an empirical equation has been employed, i e.

V=N *exp( Bc) (2)
or

In( V)= In(N )+ Bec, (3)
where Vis the corrosion rate, N is defined as con-
centration preexponential factor, B is defined as
acid concentration constant, and ¢ is the acid concen-
tration.

Clearly, the regression between InV and ¢ gives

a straight line with the intercept of In/NV and slope of
B, and all the calculated parameters at 40 C were
listed in T ab. 2.

Tab. 2 Some parameters of the linear regression between

InVand ¢ in 0. 5—2. 0 mol/ L sulfuric acid at

40°C
c¢(CTAB)/  ¢(NaCl)/ N/ B/ R
(molP L™ (molFL™Y (gem~%*h™ ) (Lemol™ Y
0 0 36.593 0. 466 0.989
1% 1073 0 30. 965 0.598 0.976
0 0.1 25.612 0. 196 0. 936
1x 1073 0.1 1.254 0.786 0.922

The regression coefficients listed in T ab. 2 indi-
cate that there is a good linear relationship betw een
InVand ¢, and the good linear relationship between

InVand acid concentration is also proved by Fig. 4.
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Fig. 4 Relationship between InV and concentration of suk
furic acid in the absence and presence of various

kinds of inhibitors at 40°C

Equation 2 indicates that N is directly propor
tional to V, and implies that the bigger the value of
N , the bigger the value of corrosion rates.

Tab.2 obviously suggests that in the presence
of inhibitors, there is a decrease in NV, leading to the
decrease in corrosion rate. Especially in the presence
of 1x 107> mol/ L. CTAB and 0. 1 mol/L NaCl, the
value of N sharply decreases compared with the
blank solution, resulting in the decrease in corrosion

rate. Equation 3 also indicates that B is directly pro-
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portional to InV, obviously, in the system, it is the
decrease in V rather the change in B leads to the re-
duction in corrosion rate.
2.4 Adsorption model

ated from weight loss measurement using the Sekine

Surface coverage is evalu-

and Hirakawa’s method'”

0= (V- V)/( Vo= Vn), (4)
where V, is the smallest corrosion rate.

The experimental data were studied by using

the Langmuir isotherm'*

0/(1- 0)= ke, (5)
where ¢ is the inhibitor concentration, k is the equi-
librium constant of adsorption.

Fig.5 shows that 6/(1- 0) linearly increases
with an increase in concentration of NaCl, revealing
the adsorption follows the Langmuir adsorption
isotherm. Furthermore, the slope (k) of 1x 10 >
mol/ . CTAB+ NaCl is much higher than that of
NaCl, indicating the presence of CTAB can improve

the adsorption of chloride ion.
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Fig. 5 Dependence of 0/(1 - 0) on concentration of
NaCl at 40°C

2.5 Polarization studies

surement was conducted at 25°C, the polarization

T he polarization mea-

curves were shown in Fig. 6.

Fig. 6 shows that only the cathodic reaction of
electrode is inhibited by the presence of single CTAB
or single chloride ion, and the corrosion potentials
slightly shift to the negative direction compared with
the blank. But in the presence of the complex of
CT AB and chloride ion, both anodic and cathodic re-

actions are significantly inhibited, and the corrosion

potentials slightly shift to the negative direction eir
ther. The results indicate that the complex is a
mixed type inhibitor that mainly inhibits the cathod
ic reaction of electrode.

It is worth noting that either CTAB or chloride
ion can only trivially inhibits the cathodic reaction of
polarization, the complex of CTAB and chloride ion,
how ever, drastically retards both anodic and cathodic

reactions, this may be the result of the synergism.
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Fig. 6 Polarization curves for steel in 0. 5 mol/ L sulfuric
acid in the absence and presence of various kinds

of inhibitors at 25C

2. 6 Explanation for Synergism  Obviously,
CTAB is a cationic surfactant, which may exist in
the cationic form. It is also well known that steel
surface contains positive charge due to Ecorr— E =0
(zero charge potential) > 0, thus, it is difficult for
the positively charged CTAB to approach the posi-
tively charged steel surface because of the electro-

static repulsion, this is why single CTAB can not

acts as an excellent inhibitor for steel corrosion in

sulfuric acid without containing halide ion. With the
presence of halide ion, the specific adsorption of
halide ion causes the negatively charged surface of
steel, thus, by means of electrostatic attraction at the
steel/ solution interface.

Another possible reason for the synergism is

that the addition of chloride ion in aqueous solution
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reduces the amount of the free water molecule in so-

lution, leading to the increase in concentration of

CTAB m solution.
3 Conclusions

Weight loss and electrochemical methods show
that there is a synergistic inhibition between CTAB

and chloride ion against steel corrosion in sulfuric
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