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INTRODUCTION

Due to its low cost and great mechanical strength, mild
steel is one of the metals that is most frequently employed in
industries. However, mild steel corrodes easily and its rate of
corrosion is fairly high in an acidic environment, meaning that
the life of this valuable metal must be maintained during indus-
trial acid treatment processes such as acid cleaning, pickling,
etc. [1-3]. Among the several corrosion prevention techniques,
applying inhibitors is one of the most practical because it
doesn’t interfere with the industrial process [4,5]. Numerous
inhibitors have either been synthesized or chosen from organic
compounds with hetero atoms in their chemical structures due
to their industrial usefulness [6,7]. Additionally, there has been
an increase in studies into the utilization of naturally occurring
chemicals [8]. Several toxic, expensive manmade chemicals and
inorganic substances are found in nature [9]. Thus, it is crucial
to pick corrosion inhibitors that are affordable and easy to handle.
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Recent investigations by electrochemists and corrosion resear-
chers opt for organic compounds, which are naturally occurring
or biodegradable that could be employed as green inhibitors.
Natural occurring polymers are a class of organic molecules
that, due to their availability in nature and affordability, meet
the majority of requirements for such a purpose [10]. In acidic
medium, synergistic inhibition is a useful technique for incre-
asing the potency of individual inhibitors, reducing their dosage
and expanding the range of applications [11,12]. Several studies
[13,14] have conducted indepth study on the synergism between
organic inhibitors and halide ions in preventing steel corrosion
in acidic solutions.

Natural materials are a cheap, environmentally begnin and
completely safe source of materials that are also easily acces-
sible and renewable. Acacia gum, guar gum, gum tragacanth,
natural honey [15,16], henna, jojoba oil, artemisia oil and
Telferia occidentalis extract [17], to name a few, have all been
found to be very effective corrosion inhibitors for mild steel
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in acidic medium. However, it has been observed that adding
halide salts to acid solutions containing any organic components
has a synergistic effect which prevents the iron corrosion.
Increased surface coverage brought on by ion-pair interactions
between the organic cations and the anions lead to synergistic
corrosion inhibition. Synthetic polymers and halide ions are
frequently used to suppress corrosion [18,19], but less is known
about how halide ions interact with naturally occurring polymers
to do the same.

Chemically, guar gum is a polysaccharide composed of
the sugars galactose and mannose. The backbone is a linear
chain of β-1,4-linked mannose residues to which galactose
residues are 1,6-linked at every second mannose, forming short
side branches (Fig. 1). Guargumisa naturally occurring poly-
saccharide consisting of D-mannopyranose and D-galacto-
pyranose units joined to every other mannose unit has multiple
adsorption sites for bonding with the metal surface through
oxygen atoms. The complex structures of guar gum show good
corrosion inhibitors due to its biodegradability, cost effective,
easy availability, non-toxic, environment friendly properties.
Verma et al. [20] concluded that the cyclic rings, odd atoms
and π-electron densities present in the structure increase the
efficiency, allowing them on to deposit above the metal surface.
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Fig. 1. Structure of guar gum (GG)

In present work, guar gum (GG) has been investigated as
a mild steel corrosion inhibitor in H2SO4 solution (pH = 1).
The variations in corrosion rate as a function of time, inhibitor
concentration  and temperature has been studied. The syner-
gistic effects of halides with guar gum have been identified at
various amount and exposure times. With the help of FTIR
spectroscopy, the metal surface product has been examined to
understand better of the inhibitory process. SEM technique
has been used to study the surface morphology of the metal
surface before and after corrosion in the absence and presence
of inhibitors. A plausible adsorption mechanism for the inhibitor
molecules adhering to the metal surface in acid solution has
also been proposed.

EXPERIMENTAL

Under various experimental conditions, experiments were
conducted to study the inhibitory behaviour of guar gum against
corrosion on mild steel in H2SO4 (pH = 1). To ascertain the
corrosion parameters, gravimetric analysis, potentiodynamic

polarization and AC impedance measurements were performed
at various temperatures (303, 313, 323 and 333 K) and exposure
times (6, 12 and 24 h) both in the absence and presence of
inhibitors at various concentrations (10, 50, 75, 100, 150, 200,
and 300 ppm). With the ideal concentration of guar gum, the
synergistic effect of halides (KCl, KBr and KI) has been investi-
gated at various exposure times and temperatures. A mild steel
sample from the investigation was analyzed and the results
are shown in Table-1.

The mild steel sheets were used to cut the steel coupons
in size of 4.4 cm × 2.2 cm × 0.15 cm, with a small hole measu-
ring about 1 mm in diameter at the upper edge of specimen.
The steel coupons’ surface was mechanically abraded to clean
it and then polished with progressively finer emery paper grades
to eliminate the scratches. Following polishing, these were
cleaned, degreased with acetone, washed and then dried in a
warm air stream. Analytical grade H2SO4 provided by Ranbaxy
Fine Chemicals was used to prepare a H2SO4 (pH = 1) test
solution in distilled water. Sulphuric acid (pH = 1) was utilized
in 500 mL for the immersion test and 250 mL for the electro-
chemical studies. The potentiodynamic polarization curves
were measured using a potentiostat at room temperature (25
to 30 ºC) using mild steel as the working electrode in the
absence and presence of inhibitors at various concentrations.
The experimental methodologies for the aforementioned study
are described in more detail elsewhere [21-24].

RESULTS AND DISCUSSION

The effect of concentration on inhibition efficiency of the
inhibitors has been studied at 6 h immersion period at room
temperature. As can be seen in Fig. 2, the inhibition efficacy
rises with increasing inhibitor concentrations up to 250 ppm
(79.04%) before tending to a constant value. The inhibition
efficiency of guar gum has been found at 46.52% at 10 ppm.
The degree of surface coverage (θ) was tested graphically for
fitting a suitable adsorption isotherm and best fit was Langmuir
adsorption isotherm shown in Fig. 3.

85

80

75

70

65

60

55

50

45

In
hi

bi
tio

n 
e

ffi
ci

en
cy

 (
%

)

0  100 200 300 400

Concentration (ppm)

Fig. 2. Variation of inhibition efficiency with the inhibitor concentration

TABLE-1 
COMPOSITION OF THE MILD STEEL COUPONS 

C (%) S (%) P (%) Si (%) Al (%) Mn (%) W (%) Fe (%) 

0.12 0.02 0.01 0.15 0.01 0.57 0.015 Rest 
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Fig. 3. Variation of c/θ with concentration of C

The corrosion parameters for both single applications of
guar gum and for combinations with halides are listed in Table-
2. The inhibitive impact of guar gum was found to be promoted
at all guar gum concentrations containing halide ions (Table-2).

When 250 ppm guar gum was mixed with 700 ppm iodide,
the highest efficiency (92%) was attained. It is well known that
in acidic medium, halide ions make it easier for organic inhi-
bitors to bind to metal surfaces through intermediary bridges
with positively charged inhibitors. Therefore, the presence of
the halide ions should result in a synergistic increase in inhi-
bitory efficiency [25,26]. According to reports [27,28], the
synergistic impact grows in the following order: I– > Br– > Cl–.
Iodide ions have a higher synergistic effect than other anions
due to their wide ionic radius, strong hydrophobicity and low
electronegativity. Efficiency of inhibition was attained in the
following order:

GG + Iodide > GG + Bromide > GG + Chloride > GG

The corrosion rate and percentage inhibition were investi-
gated at the optimum inhibitor concentration and 700 ppm
halides, it was revealed that the corrosion rate for free acid
increased with exposure time while the corrosion rate for inhib-
ited acid decreased with exposure time of 24 h (Fig. 4). This is
happened, since an increase in temperature typically speeds
up corrosion processes, especially in acid media where H2 gas
evolution occurs.

The inhibition efficiency of corrosion decreased with
temperature at optimum concentration of the inhibitors (Fig.
5). It has been found that corrosion rate increases with the
increase in temperature and the inhibition efficiency offered
by GG, GG + Cl–, GG + Br– and GG + I– was 70.56%, 78.43%,
78.78% and 81.47% at 333 K respectively, it may be because
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Fig. 4. Variation of inhibition efficiency in presence of the GG and GG +
halides at different exposure period
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Fig. 5. Variation of inhibition efficiency in presence of the GG and GG +
halides at different temperature

of at higher temperature accelerates desorption of guar gum
from the mild steel surface.

The thermodynamic parameters in absence and in presence
of the inhibitors have been calculated from the well-known
equations and are given in Table-3. The Ea value has been
calculated ~ 44 kJ/mol, indicates the formation of an adsorptive
film of a physical electrostatic character. The negative values
of ∆Gads ensure the spontaneity of the adsorption process on
the mild steel surface [29,30]. The ∆Gads values, which were
less than - 20 kJ/mol, indicated that guar gum physically reacted
with the surface of mild steel. The exothermic and physical
adsorption of the inhibitors on the metal surface, which makes
the dissolution of steel challenging, was demonstrated by the

TABLE-2 
CORROSION PARAMETERS IN PRESENCE OF GUAR GUM AND GG + HALIDES AT DIFFERENT CONCENTRATIONS 

Concentration (ppm) 

Gum gum Chloride Bromide Iodide 
CR (mpy) IE (%) 

Surface 
coverage (θ) 

s 

0 0 0 0 359.70 – – – 
100 0 0 0 107.98 69.98 0.6998  
100 700 0 0 88.31 75.45 0.7545 2.12 
100 0 700 0 84.71 76.45 0.7645 1.46 
100 0 0 700 59.78 83.38 0.8338 1.12 
250 0 0 0 75.39 79..04 0.7904 – 
250 700 0 0 60.54 83.17 0.8317 2.53 
250 0 700 0 41.83 88.37 0.8837 2.08 
250 0 0 700 29.78 91.72 0.9172 1.13 

 

3164  Shukla et al. Asian J. Chem.



negative values of ∆Hads. Positive ∆Sads values for inhibitors
may be the result of inhibitor molecules replacing the water
molecules, which were initially adsorbed on the metal surface
since the inhibitor molecules have a higher affinity to the metal
surface than water does [29]. The polymer makes the adsor-
ption process entropically favourable by displacing water mole-
cules from the metal surface, while the several bonding sites
slow down the desorption process [31]. The potential dynamic
parameters for corrosion of the mild steel in the acid containing
pure guar gum and guar gum with the halides are summarized
in Table-4.

Higher concentration levels showed a considerable decrease
in corrosion current (Icorr), indicating increased inhibitor adsor-
ption and improved inhibition efficacy (Fig. 6a-b). When these
inhibitors were present, variations in the levels of both Tafel

TABLE-3 
THERMODYNAMIC PARAMETERS IN ABSENCE AND IN PRESENCE GUAR GUM AND GG + HALIDES 

Parameters (kJ/mol) Blank Guar gum GG + chloride  
(250 + 700) ppm 

GG + bromide 
(250 + 700) ppm 

GG + iodide 
(250 + 700) ppm 

Heat of adsorption 
Activation energy 
Average free energy 
Entropy of adsorption 

– 
44.306 

– 
– 

-47.121 
49.763 
-7.460 
0.048 

-49.859 
52.501 
-10.098 
0.041 

-49.629 
52.272 
-9.775 
0.042 

-51.161 
53.784 
-11.259 
0.039 

 

TABLE-4 
POTENTIAL DYNAMIC POLARIZATION PARAMETERS IN THE ABSENCE AND IN PRESENCE OF GUAR GUM AND GG + HALIDES 

Tafel slopes (mV) Concentration of 
inhibitor E0 (V) I0 (m amp/cm2) 

Anodic (ba) Cathodic (bc) 
PI 

Blank -0.5518 423.0 124.16 191.93 – 
Guar gum 
50 ppm 

100 ppm 
250 ppm 

 
-0.5389 
-0.5403 
-0.5318 

 
157.4 
137.1 
99.59 

 
96.25 
87.94 
70.98 

 
168.58 
174.76 
172.21 

 
62.78 
67.59 
76.46 

GG + Chloride 
100 + 700 ppm 
250 + 700 ppm 

 
-0.5409 
-0.5349 

 
98.09 
67.13 

 
77.48 
69.74 

 
159.62 
181.88 

 
76.81 
85.50 

GG + Bromide 
100 + 700 ppm 
250 + 700 ppm 

 
-0.5397 
-0.5458 

 
91.63 
44.31 

 
77.63 
82.10 

 
169.12 
109.30 

 
78.33 
89.60 

GG + Iodide 
100 + 700 ppm 
250 + 700 ppm 

 
-0.5578 
-0.5489 

 
61.35 
26.05 

 
73.50 
87.20 

 
118.68 
117.50 

 
85.50 
93.84 

 

slopes were observed indicating the mixed inhibition [32]. No
distinct change in the cathodic current densities is caused by
the inhibitor’s presence in the corrosive medium. The potentio-
dynamic polarisation study’s predicted inhibitory efficiencies
and those from the weight loss trial differed marginally. The
reason for this is that unlike long-term research like weight
loss experiments, potentiodynamic polarization analysis are
conducted for a brief period of time and operate on a different
principle.

The electrochemical parameters for corrosion of the mild
steel in the acid containing pure guar gum and guar gum with
the halides are summarized in Table-5. The creation of a prote-
ctive film at the metal-solution interface results in the increase
of Rt values with the inhibitor concentration, which affects an
increase in IE%. The impedance diagrams shown in Fig. 7a-b
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TABLE-5 
ELECTROCHEMICAL IMPEDANCE PARAMETERS  
IN PRESENCE OF GUAR GUM AND GG + HALIDES 

Inhibitor concentration Rt (Ω 
cm2) 

CdI (µF 
cm-2) 

I.E.  
(%) 

Blank 58 121.32 – 
50 ppm GG 146 38.48 64.66 
100 ppm GG 194 10.38 70.10 
250 ppm GG 260 9.46 77.69 
Blank – – – 
250 ppm GG + 700 ppm chloride 400 2.52 85.50 
250 ppm GG + 700 ppm bromide 410 2.47 85.85 
250 ppm GG + 700 ppm iodide 600 1.38 90.33 
 

are suppressed semicircles with the real axis at the centre. This
characteristic demonstrates the role played by surface rough-
ness, the distribution of active sites, the adsorption of inhibitors,
and the development of porous layers.

As can be seen from Table-5, values of double layer capacity
(Cdl) in the case of guar gum tend to decrease as the concen-
tration of the inhibitor increases. An increase in the electrical
double layer’s thickness can cause a decrease in Cdl values.
According to this behaviour, inhibitor molecules work by adsor-
bing at the metal-solution contact. Similar trends have been
observed when halides have been added. The lower dielectric
constant organic inhibitor molecules that have been adsorbing
at the electrode interface may have replaced the water molecules,
resulting in the lowered values of double layer capacitance (Cdl).

Guar gum displayed the expected −OH bond bands at 3425
cm-1 and the metal surface obtained product at 3422 cm-1 (Fig.
8). Pure guar gum exhibits asymmetric and symmetric stret-
ching vibrations of the carboxylic acid, which result in two
strong bands at 1616 and 1423 cm-1, respectively, which were
observed at 1561 and 1401 cm-1 in the metal surface product
[25-27]. The metal surface product displaced the band that
was formed at 1042 cm-1 due to the stretching of the CO bond
to 1023 cm-1. The ring breathing peak for guar gum was achieved
at 1641 cm-1, however it changed to and at 1673 cm-1 for the
metal surface product.

A SEM analysis showed that the mild steel surface was
severely corroded without guar gum, with patches of uniform
corrosion (Fig. 9b). However, when an inhibitor was present,
the specimen surface became smoother (Fig. 9c–f) and the
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Fig. 8. FT-IR spectra of GG both as pure form and in metal surface product

quasi-globular inhibitor products partially covered the metal
surface. This is because inhibitor molecules were involved in
the interaction with the reaction sites on the mild steel surface,
which reduced the amount of time that iron was in touch with
the hostile medium and successively displayed outstanding
inhibitory effect [33-36]. When guar gum, bromide and iodide
are combined, a more compact layer is observed (Fig. 9e-f).

Conclusion

In this work, the combination of 250 ppm guar gum and
700 ppm iodide during a 6 h exposure time exhibited the highest
inhibitory efficiency for the three combinations, with guar gum
exhibiting maximum efficiency (79.04%) for the corrosion of
mild steel in H2SO4 (pH = 1) medium. Higher synergism para-
meters have been achieved for both combinations (250 ppm
guar gum and 700 ppm chloride/bromide). Guar gum adheres
to the Langmuir adsorption isotherm when it is adsorbed to
mild steel surfaces in sulphuric acid media. The negative ∆Gads

readings and smaller negative ∆Hads values showed that guar
gum physisorbed on the metal surface on its own. Lower ∆Sads

values were obtained, which might be related to the desorption
of water molecules that inhibitor molecules had initially adsor-
bed on metal surfaces. A significant chemisorption of halide
ions on the metal surface seems to cause the synergistic effect
between guar gum and the halides, which was observed (s > 1).
On the metal surface, where halide ions have previously been
adsorbed through chemisorption, the inhibitors are subsequ-
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Fig. 9. SEM Micrographs of the metal surface at 3000X magnification in absence and in presence of the inhibitors (a) before exposure, (b) blank, (c) 250
ppm GG, (d) 250 ppm GG + 700 ppm chloride, (e) 250 ppm GG + 700 ppm bromide, (f) 250 ppm GG + 700 ppm iodide

ently adsorbed by coulombic attraction. The size and electro-
negativity of the halide ions may play a role in the inhibitory
effectiveness of combinations that follow the trend of iodide
> bromide > chloride. For pure guar gum and all guar gum and
halide mixtures, the potentiodynamic analysis recommended
mixed type inhibition and preferring cathodic control over
anodic control. Guar gum was found in the metal surface product
according to a comparative FT-IR analysis and a possible
explanation for the modest variation in peak or band locations
is the interaction of adsorbed inhibitor molecules with the metal
surface. From SEM micrographs, it was possible to observe
that the metal surface was partially covered with the inhibitor
products as well as flake-type metal oxide and metal hydroxide
deposition.
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