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Abstract

In this study, lignin, a polyhydroxy compound, wadracted from black liquor of pulp
and paper industry, and characterized. In viewhef potential of such polyhydroxy
compounds to adsorb onto metal surfaces, the eomrashibition efficiency of lignin
on the corrosion of mild steel by 0.5 Mx$0y has been studied using weight loss
method, electrochemical polarization and impedaneghods. The morphological
changes of the surface during corrosion, in thegree and absence of the inhibitor,
were studied by scanning electron microscopy. Restdilthese studies show that lignin
does inhibit the corrosion of mild steel by suléuracid, and that the inhibition
efficiency increased with lignin’s concentration.
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Introduction

Loss in terms of money and material, as a resuth@fal corrosion, is a serious
matter of concern in any industry, for which coroosprevention and control is
very much necessary. As steel, an important analwidsed material at any
given industrial sector, is highly prone to corowsiit needs to be protected,
which is a challenging task for scientists and eegrs [1, 2, 4]. Corrosion
protection using inhibitors is one of the easiesgnomic and effective methods,
for which many inorganic compounds are found siatéb]. However, due their

heavy costs and toxicity, focus has shifted towattus search of naturally
occurring, organic and eco-friendly compounds afasion inhibitors, with their

added advantages of being safe, ready availabtsyoeuc and renewable [8].
The presence of hetero atoms such as phosphordpbusg nitrogen or oxygen

is the main condition for organic compounds to astcorrosion inhibitors.

Lignin, a phenolic polymer, is one of the suitabiaterials for the said purpose
[13, 14], as it is the second most abundant natpoymeric material, after

cellulose. Lignin is present in the plant cell wdilom the combination of
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hemicellulose and cellulose. It acts as reinforggmer the lignocellulosic
matrix, and provides rigidity, water-impermeabilignd resistance against
microbial attacks [5, 6].
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Figure 1. Lignin extraction of black liquor from pulp andpex mills.

Lignin is available from plants, ranging betweerf/dand 34% in masg].
Lignin worldwide production reaches up to 50-60limi tons per year, as a non-
commercialized waste product. It is a phenolic pay primarily derived from
three hydroxycinnamyl alcohols or monolignols, ndme-hydroxyphenyl,
guaiacyl and syringyl, as shown in Fig. 1. Freeigal coupling reactions of
these monolignols respectively yield guciacyl, sgty and p-hydroxyphenyl
units [11, 12]. Thus, lignin contains various fuooal groups such as -OH, -
RCOOH and —ROCkgroups (Fig. 1) that can adsorb onto a metal sarfay
sharing their lone pair of electrons with the foeerbital of a metal, a property
that may be effectively utilized for corrosion canit Though one can find quite
a few reports on the use of lignin (modified andnodified), obtained from
various sources, as an effective inhibitor for nstdel corrosion, the corrosion
media are restricted to either 3.5% NaCl or HCud&s on the corrosion
inhibition effect of lignin on sulphuric acid areace, however, they are as
important as interesting, since$(y is widely used in petrochemical processes,
acid pickling, refining, and industrial cleaning,ithv mild steel as the base
material [1, 2, 3]. Also, since the adsorption phibitor molecules onto the
surface of a substrate depends on the chemicalenatuhe inhibitor molecules,
type of electrolyte and charge on the metal surfigpein obtained from different
sources is bound to have different chemical contjpos and interactions with
the surrounding electrolytes and the metal surfatesiew of this, the present
study aims to explore the inhibitive potential ajnin, obtained from black
liuor, on the corrosion of mild steel, in a3 solution at its different
concentrations, using weight loss, electrochemeaainiques of potentiodynamic
polarization and electrochemical impedance spembms (EIS) analysis.
Scanning electron microscopy is used as a toaddk At surface morphological
changes occurred during polarization studies, a#itt without inhibitor.
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Experimental

The black liquor was collected from pulp industnyniorth Karnataka, and lignin
was extracted using a standard procedure. Aftdeatan, black liquor was
filtered to remove unwanted materials, then it Wweated at 80 °C for four hours,
after which the solid content was about 70-80%pfwing that, 0.5 M sulfuric
acid was slowly added, to adjust to pH 2, and hgmias precipitated out,
repeatedly washed with Milli-Q water, and it wagedrovernight in an oven at
70 °C.

Mild steel with the composition C=0.337wt%, Si=B#G%, S=0.0464wt%,
P=0.053wt%, Fe—balance, was used as substratd e@ssdys. It was cut into
rectangular pieces of uniform size, which were daged using emery paper and
ethanol, thoroughly washed with distilled waterpisated in ethanol for 20
minutes, and dried in an oven. Solutions contairdifferent concentrations of
lignin (100-1000 ppm) were prepared in AR grade BL5sulfuric acid, with
various concentrations of lignin at room tempemturhe weight loss of mild
steel specimens was determined after 30, 60, 9), 11580 and 180 minutes. The
percentage inhibition efficiency (IE %) and the egof surface coverage) (for
different concentrations of lignin (100 to 1000 ppwas calculated using the
following formula:

W W

IE% = ~2-~X100 1)

W, -W;
g = T (2)

where Wand W are the weight loss values, respectively in theeats and in
the presence of the inhibitor.

Polarization studies

Polarization experiments were conducted using eetletectrodes assembly, with
mild steel as the working electrode (fixing the es@d surface area of the
specimens at 0.25 é&na platinum gauze as the auxiliary electrode asdver-
silver chloride electrode as the reference eleetrddl the measurements were
carried out under unstirred conditions at ambiesrhgerature, using a CH
instrument (660E). Initially, open circuit potenti@CP)was measured for 30
minutes, and then the polarization studies wergethout between 250 mV of
OCP. The inhibition efficiency (IE %) was calcuthtesing the following
relation:

[T f
IE% = fer—Lerdi ¥ 90 (3)

Corr

where torr and torr(j) are the corrosion current densities, respectivetilgout and
with the addition of the inhibitor.

Electrochemical impedance spectroscopy
Under above mentioned similar experimental condgjo impedance
measurements were carried out after measuring @ for thirty minutes. The
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Nyquist plots were 12 points per decade, and tguincy ranged from 10 KHz
to 1 Hz; with 5 mV amplitude of sine wave at OCIReyt were obtained in the
absence and with different concentrations of tligbitor. The equivalent circuit

was proposed, and the values of the circuit elesnerdre obtained using the
software available with a CH instrument. From: Ralue or polarization

resistance, the inhibition efficiencies were cadtedl by the following equation
[16]:

IE% — RI:IT:'I:‘I_RISIT:'ITI Klﬂﬂ (4)

CE(i)

where R, and R, represent the charge transfer resistance, regpictn
the absence and presence of the inhibitor.

SEM Analysis

The surface morphology of mild steel specimens avedyzed by SEM (VEGAJ
TESCAN). Images were obtained for cleaned mildlstpecimens, before and
after polarization studies, both in the presenakabsence of the inhibitor.

Results and discussion

Weight loss measurement

Weight loss measurements, for the determinationcofrosion rates and
inhibition efficiency, are a non-electrochemicalthwa, and they provide more
practical results than the electrochemical metlasahe experimental conditions
are approached in a more realistic manner, evaigththe study requires more
time. Therefore, non-electrochemical results mawangtatively differ from
electrochemical resultsThe calculated inhibition efficiencies and surface
coverage at different concentrations of lignin presented in Table 1. From the
results, it is clear that, as the concentratiothefinhibitor increased, the surface
coverage increased, leading to better inhibitiditiehcies and, consequently, to
lower corrosion rates. The inhibition efficiency svbound to be the highest at
1000 ppm of lignin, above which there was no appt#e change, either in the
surface coverage or in the inhibition efficiency.

Table 1. Weight loss data for mild steel in 0.5 M sulfuaicid at various concentrations
of lignin after 3 hours of immersion.

Concentration (ppm) % IE (C)
0 - -

100 42 0.4276

200 43 0.4318

300 57 0.5703

400 56 0.5600

500 59 0.5901

1000 76 0.7643

In Fig. 2, weight losses of the specimens at dffiertime intervals and for
different concentrations of lignin are presented.
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Figure 2. Weight loss in mg vs. exposure time in minutesnidd steel in sulfuric acid.

As expected, in the absence of lignin, a continuaasease in weight loss was
observed at all intervals of time, while in the g@ece of lignin, weight loss was
considerably reduced at all concentrations andl étv@e intervals. Therefore, it
may be expected that, with an increased numbdgwinl molecules, more sites
on the metal surface get covered by those molecate$ get saturated around
1000 ppm of lignin. Also, at higher concentratimidignin (above 400 ppm),
the corrosion rate is almost uniform at differantd intervals, indicating better
and maximum surface coverages at these concemnsateven when they are
exposed to lignin solutions for higher time intdsvaHence, it seems to be
required an optimum concentration of lignin to ¢etter corrosion inhibition
results.

Polarization studies
Polarization curves for mild steel in a 0.5 MS3® solution, in the absence and
presence of different concentrations of lignin, sttewn in Fig. 3.
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Figure 3. Tafel polarization curves for a mild steel specinmamersed in 0.5 M 8Q;,
in the absence and presence of lignin’s differencentrations.
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Electrochemical parameters obtained from polaomatturves, i.e., corrosion
potential, corrosion current, anodic and cathoditelslopes, % IE, and degree
of surface coverage, are presented in Table 2.

Table 2. Polarization parameters of mild steel in 0.5 M5By, without and with various
lignin’s concentrations.

Concentration (ppm) Ecorr I corr Ba(mV dec?) | B(mV dec?) | WIE 0
0 492 7.6x10° 124 69 - -

100 -507 1.575 x10 110 71 58 0.58

300 -512 1.803 x10 109 63 76 0.76

500 -505 2.641x160 105 67 88 0.88

1000 -528 3.237x19 90 73 95 0.95

As it can be seen from the figure and the tablke aifodic and cathodic branches
of the polarization curves, in the presence ofifigmare shifted towards lower
currents. The extent of decrease in cathodic ctgtisrpredominant, compared to
anodic currents, suggesting a higher inhibitiocathodic reactions (hydrogen or
oxygen reduction), in the presence of lignin, aceanied by a weaker inhibition
towards the anodic dissolution of mild steel. Thaxmum inhibition was
observed at the concentration of 1000 ppm, whicgh good agreement with the
above discussed weight loss measurement. Theishifie corrosion potentials
towards more negative values, in the presence ef itiibitor, is further
suggestive of the inhibition of cathodic reactions.

Electrochemical impedance spectroscopy (E1S)

Fig. 4 shows the Nyquist plots for mild steel i® O sulfuric acid, respectively
without inhibitor, and in the presence of differecdncentrations of lignin.
Circuit parameters obtained by fitting the datahvatsuitable circuit are used to
analyze the impedance data. A simple equivaleruitjras shown in the inset
circuit in Fig. 4, is used to fit the Nyquist plptsoth in the presence and absence
of the inhibitor. It consists of solution resistan@Rs), charge transfer resistance
(Rct) and one constant phase element (CPE). CPEemiptoyed instead of the
double-layer capacitance (Cdl) to describe therbganeity in the system.

The charge transfer resistance associated witkldwgrochemical reaction at the
interface was much lower in the absence of thebitdri (see Table 3), indicating
the ease of a corrosion reaction [13]. However, wiignin was adsorbed onto
the metal surface, the charge transfer resistarmeased, leading to a decrease
in corrosion. The inhibition efficiency increasedtlwan increase in lignin's
concentration, suggesting a higher and better itiveb (or passive) surface
modification of mild steel, due to the adsorptidnnmore lignin molecules onto
the surface, hindering the electrochemical corropimcess [14].
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Figure 4. Nyquist plot of mild steel specimen in differemincentrations of inhibitor.

Table 3. EIS parameters of mild steel in 0.5 MxFOy without and with various

concentrations of lignin.

Concentration (ppm) Rct Ohmem? | %IE 0
0 31.93
100 136.40 76 0.76
300 145.20 78 0.78
500 176.40 81 0.81
1000 313.10 89 0.89

SEM analysis

The scanning electron micrographs of mild stedipdgeand after polarization in
sulphuric acid, are presented, respectively, in bagand b.

Figure 5. SEM images of) mild steel,b) mild steel after polarization in 28Qs, c)
mild steel after immersion in43Qy with lignin for 30 minutes, and) mild steel after

polarization in HSOQy with lignin.
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It is very clear from the image (Fig. 5b) thateafpolarization, a large number of
pits was formed on the surface of the mild steeg tb its corrosion by the acid.
While Fig. 5c is the micrograph after adsorptiontted inhibitor onto the mild
steel surface, Fig 5d is the surface morphologyentesi after polarization of
mild steel in a solution of lignin in 0.5 M sulfaracid. In Fig. 5d, pits are hardly
observed, because of the inhibition action of igtawards the corrosion of mild
steel by acid.

EDS mapping for carbon and oxygen (main elementdignin) given in,
respectively Fig. 6a and b, on the mild steel sfauggests uniform adsorption
of the inhibitor onto the substrate’s surface.

(a) b}

Figure 6. EDS mapping a) carbon b) oxygen.

Conclusions

The aim of the present study was to investigateirthibition efficiency of low
cost, eco-friendly lignin, obtained from black lmuof pulp and paper industry,
on mild steel corrosion by sulfuric acid. Basedtloa results of this study, it can
be claimed that lignin effectively adsorbs onto slueface of mild steel, making
it less prone to corrosion, even in acidic envirents. The corrosion inhibition
efficiency increases with an increased concentradidlignin, up to 1000 ppm,
due to increased adsorption. However, very highceotrations of lignin may
result in an increased competency between thenligrolecules and adsorption
sites, leading to an inefficient adsorption, andréivy causing a reduction in
inhibition activity.
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