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ABSTRACT
Studies in corrosion behavior of mild steel in aqueous hydrochloric acid solutions

were carried out using conventional weight loss and thermometric techniques in presence
of various  dyestuffs Inhibitive power of dyestuff understand with special reference to
Reaction number, temperature difference (T max) etc. The plot of inhibitors concentrations
log (c) Vs. Log (/1-) suggest that all these inhibitors obey Langmuir adsorption isotherm
equation. Percentage. Inhibition efficiency determines from the results of conventional
weight loss and thermometric technique can be satisfactorily used to evaluate various
dyestuffs as corrosion inhibitors for mild steel in aqueous hydrochloric acid solution.
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 INTRODUCTION
Corrosion is clearly multidisciplinary field

of science and engineering. Corrosion is a
natural phenomenon, which can be considered
either chemical or electrochemical in nature,
degrades the metallic properties of metal/ alloys
and render them to be rejected from the special
structure of industrial importance. The
awareness of corrosion, its periodic monitoring
timely detection followed by maintenance and
repairs is very important, especially for building,
structures, and plants, dealing with inflammable
toxic chemicals. It is difficult to correctly
estimate the loss caused by corrosion.

Steel is effectively an alloy of iron and
carbon with minor incidental elements like
manganese, sulphur and phosphorous. It is also
known as structural steel, mild steel or carbon
steel or carbon steel. Carbon steel finds wide
approach in the construction material. Chemical
as well as nuclear power plant due to its low
cost in aqueous environment. Mild steel when
exposed in atmosphere, undergoes rusting,
corrosion in acidic solution is of great
importance to many chemical processes.
Corrosion rate measurement becomes very
essential in the study of corrosion behavior.
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Mild steel is one major material of
construction extensively used in chemical and
allied industries1. Ajmal and co-workers
reported reduction in corrosion rate of mild
steelin hydrochloric acid and sulphuric acid
solutions2.  Thermometric reaction is
characterized by an induction period which
decreases with the increase in acid attack or
inhibitor concentration. Temperature versus
time curves for the dissolution of metal or alloys
in acid or alkali of increasing concentration are
characterized by an initial period during which
temperature remains constant3. Murlidharan S.
and other reported that corrosive behavior of
mild steel in acidic solution4. Organic dyestuff
were used as corrosion inhibitors in non-
oxidizing acid solution by Hadi5. Use of
Malachite green, Crystal violet and Methyl
orange with other substance as mixed inhibitors
for brass in acid medium has been investigated6.
Inhibition of corrosion of copper by some
organic dyes have been reported by R.M.
Abdel Gulil7. Corrosive behavior of mild steel
in different environments has been reported by
Malakovas and Azimovs8.

MATERIAL AND METHODS
1. Weight-Loss Measurement

Studies of corrosion rate of mild steel in
hydrochloric acid in presence of various
dyestuffs using weight loss technique. Inhibitors
efficiency was determined from weight loss
measurement using standard expression in 1.0
M hydrochloric solution.
2. Thermometric Techniques

Thermometric study was carried out
with specimen of size 2.5. cm X 1.5 cm X 0.2
cm immersed in 20 ml of aqueous acid solution.
The test was carried out in 1.0m hydrochloric
acid solution, using 1mM, 5mM,. 10mM and
25mM of various dyestuffs. Digital
thermometer with 0.01 ºc precision was used
in Dewar flask, where as test specimens were
completely immersed in the solution. The
change in temperature was recorded at the
successive intervals of 5 minutes. The results
were used to calculate reaction number (RN)

and inhibition efficiency (IE%) as given below.
RN = (Tmax-Ti)/t     ......... (1)

Where, Tmax and Ti are the maximum and
initial temperatures in minutes in the
experiments to attain Tmax.
Inhibition efficiency was calculated as,
IE% = [(RNb - RNinh) /RNb] 100  ......... (2)

RESULTS AND DISCUSSION
The result in Tables 1.2 and fig 1.2 and

3 indicates successive decrease in reaction
number (RN) and temperature difference (T),
which suggest decrease in corrosion rate in
presence of various dyestuffs. Higher reaction
number (RN) in plain acid solution suggests
dissolution of mild steel. Decreases in reaction
number (RN)  with increase in concentration
of various dyestuffs suggest adsorption of
compound on the corroding surface. Further
more, temperature difference ((T) values also
decrease which suggest inhibition in presence
of additives used. The extent of inhibition
depends on the degree of coverage of metal
surface by the adsorb ate.  Further, it can be
said that when inhibitor is added induction period
is increased. It can be concluded  that strongly
adsorbed inhibitors caused increase in time of
reach Tmax. Inhibition efficiency can be very
well judged by knowing the extant to which
reaction number (RN) is affected. It is clear
from fig. 2 that the curves are characterized
by an initial period during which the temperature
remains constants or varies very slightly. This
part of the curve can be considered as
incubation period in which pre immersion oxide
film protects the metal from the acid attack.

Plots of reaction number (RN) versus
log, fig. 3 give straight line indicating the
formation of chemisorbed monolayer of the
adsorbates for the compounds for the
compounds used in protective film on the
corroding surface.

Inhibitive action of various dyes on the
dissolution of ferrous material can be attributed
to interaction between the dyes and the metal
surface. Though that may be the first stage of
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inhibition process. The effective inhibiting action
has normally been link with the phenomenon
of chemisorptions, which may range from
simple adsorption to a formation for true
physical barrier.

Very low corrosion rate in presence of
dyes can be attributed to the molecules
containing polar and in such case the inhibitor
might have been adsorbed on the metal surface
through polar unit decreasing the corrosive
action higher inhibition in presence of these
dyestuff may be explained considering the
prevention action of the compound of the
corroding surface. Decrease in temperature
difference (T) also indicates the effect of the
added compound. It  is clear from the curves
that the behavior is characterized by an initial
period during which the temperature remains
constant or varies very slightly. This part of
the curves can be describe as incubation  period
in which pre-immersion oxide film protects the
metal from acid attack or on induction period
representing the break -down of the film and
start the attack down of the film and start attack
inhibition efficiency can be very well judged
by knowing the extent to which reaction
number affected. The plots of reaction number
(RN) versus log C indicate that all the
compounds metal surface similarly, variation in
delay time as a function of log molar
concentration can also be interpreted in same
line. It can be observed that when inhibitor is
added, time  as a function of log molar
concentration can also be interpreted in same
line. it can be observed that when inhibitor is
added, time to teach tmax also increases higher
values of time to reach tmax indicated higher
inhibitive effect very low value of reaction
number (RN) and temperature difference (T)
in presence of fast green indicate higher
inhibition. The order of inhibitive efficiency is
same as that with weight-loss method. The
narrow difference in inhibition efficiency (IE%)
when compared with weight loss data’s
established the usefulness of the method.

Inhibitive action of tripheny1 methane
(TPM) dyes, viz. Faxt green, Fuchsine base,
Malachite green, Crystal violate, Methyl violet,
Fuchsine acid having general formula,

Where, X = H, - NHCH3, -N(CH3), N+ (CH3) 2 CI-
and R = - H, -CH3, C2H5, -C6H5 etc.

Tripheny1 methane dyes have one or
more - NR2(R= -H or - CH3) group in Para
position to the mechanic carbon and contain a
quinonoid structure from their structures, it
appears that owing to the acidity of the medium
these inhibitors can not remain in solution as
free bases. It may therefore be assumed that
at least in the first moment of contact between
the metal and the solution, they exist at the
interface in the cationic form e.g.

As the corrosion reaction starts, the
anilinium ion may become electrostatically
attached to the anodic points or it possible that
the alkalinity produced at the cathodic sites
favors the free base, which would then be
generally adsorbed on the metal surface. Higher
inhibition efficiency of T.P.M. compounds can
be attributed to the presence of three phenyl
rings, which can cover larger corroding metallic
surface area. Moreover, presence of four, five
and six electron. Donative methyl group in fast
green, fuchsine base, Malchine green, methyl
violet, Crystal violet, Fuchsine acid, increasing
electron density of three reaction sites at which
introgen atoms are situated.

Protection offered by fast green is more
then fuchsine base, Malachite green, Crystal
violet, methyl violet, and fuchsine acid, this may
me attributed to the presence of more methyl
group, ethyl group have increase chemisorptions
of fast green than Fuchsine base, Malachite,
green, methyl violet, crystal violet, and Fuchsine
acid.

CONCLUSION
From the above discussion, the following

conclusion can be drawn.

Anilinium ion
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1. The corrosion rate affected by presence
of diffusion of oxygen, nature of complex
reaction taking place and by the nature of
protective film.

2. The extent of inhibition increases with
increase in concentration of the dyestuffs.

3. All the compound provide protection
through formation of chemisorbed
protective layer on the corroding metal
surface.

4. Fast green is found most effective where
as fuchsine acid found least effective.

5. Linearity of plots of log ((/1- ) Vs. log
C (inhibitor concentration) in  presence of
all the dyestuffs used suggests that they
function through adsorption by Longmuir
isotherms.

6. Reaction number (RN) drops to a
considerable extent and time time to reach
Tmax get prolonged in presence of the
various dyestuff studied.

Table 1
Influence of different concentration of dysetuffs on corrosion rate (mdd) Inhibition

Efficiency (IE%) and surface coverage mild-steel in 1.0 MHCI acid solution
Specimen area : 30.70 sq.cm            Immersion Period : 24 hrs

Temperature : 30ºC

Dyestuff and its Corrosion rate Inhibitor Surface
Concentration (mdd) Efficiency coverage Log (0/1 -0)

(mm) (mgm/dm2/day) (IE%) (0)
Blank 5698.04 - - -

0.1 2646.58 53.55 0.5355 0.0618
0.5 1200.00 78.94 0.7897 0.5738Fast green 1.0 0716.15 87.43 0.8743 0.8424
2.5 0403.19 92.92 0.9292 1.1180
0.1 2720.19 52.26 0.5226 0.0393
0.5 1339.41 76.49 0.7649 0.5124Fuchsine Base 1.0 0829.64 85.43 0.8543 0.7684
2.5 0626.71 89.00 0.8900 0.9080
0.1 2915.96 48.82 0.4882 -0.0204

Malachite 0.5 1549.18 72.81 0.7281 0.7281
green 1.0 1209.77 78.76 0.7878 0.5693

2.5 0721.17 87.34 0.8734 0.8389
0.1 3944.72 30.77 0.3077 -0.3521

Crystal violet 0.5 2182.23 61.70 0.6170 0.2070
1.0 1580.48 72.26 0.7226 0.4158
2.5 0897.32 84.25 0.8425 0.7283
0.1 4440.39 22.07 0.2207 0.5478
0.5 2754.54 51.65 0.5165 0.0286Methyl violet 1.0 1798.37 68.43 0.6843 0.3361
2.5 0915.96 83.92 0.8392 0.7177
0.1 4605.86 19.16 0.1916 0.6250
0.5 3115.51 45.32 0.4532 0.0815Fuchsine acid 1.0 2115.56 62.87 0.6287 0.2287
2.5 1124.43 80.26 0.8026 0.6093
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7. There are good agreements in values of
inhibitors efficiency calculated using
thermometric technique and weight loss
data.

8. The order of inhibitor efficiency is observed
to be given as under : Fast green > Fuchsine
base > malachite green > crystal violet >
methyl violet > fuchsine acid.

Table 2
Influence of various Dyestffs on temperature difference (DT), time to reach

maximum temperature (1mas), Reaction Number (RN) and Inhibition Efficeincy
(IE%) during corrosion of mild-steel in 1.0 MHCI acid solution

Surface area of specimen : 3.2 sq.cm     Temperature : ± 30ºC

Inhibition Efficiency (IE%)
Dyestuff Temp. Time to Reaction           (%) calculated from
and its Diff. reach number Weight

concentration DT  ma x RN Thermometric loss
(mM) (ºC) (min) (ºCmin-1) method method

   Blank 21.97 185 0.1188 - -
0.1 12.50 225 0.0556 53.14 53.55
0.5 06.27 240 0.0261 78.03 78.94Fast green 1.0 03.87 260 0.0149 87.45 87.43
2.5 02.31 265. 0.0087 92.67 92.92
0.1 12.02 215 0.0559 52.90 52.26

Fuchsine 0.5 06.47 230 0.0281 76.31 76.49
base 1.0 04.10 245 0.0167 85.88 85.43

2.5 03.15 2.55 0.0123 89.58 89.00
0.1 12.83 210 0.0610 48.57 48.82

Malachite 0.5 07.43 225 0.0330 72.17 72.81
green 1.0 05.86 235 0.0249 78.98 78.76

2.5 03.56 240 0.0148 87.50 87.34
0.1 19.89 240 0.0829 30.21 30.77

Crystal 0.5 11.61 255 0.0655 61.70 61.70
violet 1.0 08.80 270 0.0325 72.65 72.26

2.5 05.32 290 0.0183 84.55 84.25
0.1 18.78 205 0.0916 22.88 22.07

Methyl 0.5 12.93 225 0.0574 51.68 51.65
violet 1.0 08.63 230 0.0375 68.40 68.43

2.5 04.48 235 0.0190 83.95 83.92
0.1 19.11 200 0.0955 19.54 19.16

Fuchsine 0.5 13.87 215 0.0645 45.03 45.32
acid 1.0 09.81 220 0.0445 62.54 62.87

2.5 05.43 330 0.0236 80.11 80.26
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Fig. 1. Languir adsorption isotherms for corrosion of mild-steel in 1.OMHCI solution
containing various Dyestuffs.

Fig. 2. Temperature Time curves in absence and presence of 25 mM of various dyestuffs
for mild-steel in 1.OMHCI solution.
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