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Abstract: The corrosion inhibition of mild steel in sulphuric acid by flavonoids, separated from Nypa fruticans Wurmb leaves
extract was studied using weight loss technique at 303K, 313K, 323K, 333K and 353K,. The constituents were separated by
fractionation using Soxhlet apparatus after room temperature extraction with 70% acetone. The constituents were identified
using standard functional group analysis (phytochemical screening) methods. The inhibitor concentrations of 0.1 g/L, 0.2 g/L,
0.3 g/L, 0.4 g/L and 0.5 g/L were used in 0.1M, 0.5M, 1M and 2M concentrations of acid solutions. Inhibition efficiency
increased with increase in temperature and inhibitor concentration. Thus, maximum inhibition efficiency of 74.48% was
obtained at the optimum temperature (323K) and concentration (0.5 g/L) for the flavonoid constituent. The flavonoid (catechin)
separated from Nypa fruticans Wurmb leaves extract were used separately as efficient corrosion inhibitor of mild steel in H2SO4.
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1. Introduction
Corrosion of metals and their alloys such as iron and steel
due to exposure to acid and alkaline media results in in
mechanical failure of equipment due to their exposure to
acidic and alkaline media. This is mediated by the use of
corrosion inhibitors, which are usually added in minute
quantities, to slow down the rate of corrosion of the metal or
metal alloy [1]. Most of the compounds currently used as
corrosion inhibitors are toxic, non-biodegradable and costly to
synthesize [2]. This led to the search for and use of alternative
sources of corrosion inhibitors that are eco-friendly. Plant
extracts are renewable sources of materials that are
environmentally safe, readily available and inexpensive [3].
Therefore they have advantages over the synthetic corrosion
inhibitors. Use of plant extracts as corrosion inhibitors in acid
and alkaline media have been reported [1, 4 – 13].
This study investigates the use of flavonoids (catechin),
separated from Nypa fruticans Wurmb leaves extract, as an
effective corrosion inhibitor on mild steel in sulphuric acid
solution.

Nipa (Nypa Fruticans Wurmb) is believed to be one of the
oldest and most extensively cultivated palm in the world,
originally from India, Sri Lanka, the Philippine islands and
some other islands of the Pacific. It was imported to Nigeria in
1906 as one of the ecological implications of colonization.
Nypa fruticans Wurmb is of the family Arecaceae (palmae),
the only palm species from mangrove areas and is adapted to
muddy soils along rivers and estuaries. It usually grow
underground stem which branches to form new above-ground
plants. Non-economic (ecological) benefits of Nipa Palm
include use as a buffer crop for ecosystems like mangrove
plants, holding soil erosion on the banks of river discharge and
resist abrasion caused by wind and tides [14], Nipa forest
serving as a nursery ground for some types of fish and shrimp
[15]. While Economic benefits of Nipa Palm include: use of
young shoots, decayed wood and buried roots or leaves as
medicine in various parts of South Asia. It is used for herbs to
cure toothache and headache. The sap is used as a source of
sugar to produce vinegar and alcoholic beverages in the
Philippines and Malaysia [16]. Its old leaves are used for
thatching or roofing houses while Nipa seeds are used as tasty
desserts [17], and as heavy metal adsorbents [18].
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It has been observed that Nipa is a highly opportunistic
species, a trait helped by the fact that much of the mangrove
forest of Nigeria and Cameroon is being felled to provide
wood fuel for commercial smoked fish [19]. Its fast growing
tendency is a continual threat to the more useful mangrove
forest, as well as water ways and marine lives; hence the call
by some quarters for its eradication [20, 21].
Previously reported research works done on the use of Nypa
Fruticans extract were: [10, 22 - 24], where crude extract of
the leaves were used as corrosion inhibitor. There is no
reported work on “the corrosion inhibition of flavonoids
(catechin), separated from Nypa fruticans Wurmb leaves
extract, on mild steel in sulphuric acid solution”. However, the
use of flavonoid (catechin) from Peanut skin for corrosion
inhibition of mild steel in hydrochloric acid solution has been
reported [25].

2. Experimental
2.1. Preparation of Mild Steel Coupons
Mild steel sheet obtained from the Engineering Workshop
of the University of Port Harcourt, Rivers State, of
approximate composition; 0.120% C, 0.900% Mn, 0.066% S,
0.050% P, 0.100% Si, and 98.314% Fe, of thickness 2 mm was
cut into rectangular coupons of dimensions 25 mm x 20 mm.
The coupons, drilled at the centre for passage of rubber thread,
were mechanically polished to obtain a clean shiny surface,
washed in deionized water, degreased in ethanol, dried in
acetone and then stored in moisture free desiccator for
subsequent use.
2.2. Preparation and Separation of the Constituents of Nypa
Fruticans Wurmb Leaves
Samples of Nypa fruticans Wurmb were obtained from the
bank of Marine Base Waterside (4o 46’ 7’’ N, 7o 3’ 48’’ E), Port
Harcourt, Rivers State, South-South Nigeria. The fresh long
leaves were cut to shorter lengths of about 5 to 8 cm, washed
thoroughly in deionized water to remove soil impurities,
sun-dried and milled to powder (500 µm). 1315 g of the
ground powder was extracted by soaking in 70% aqueous
acetone at room temperature. The flasks were properly corked
and allowed to stand for 72 hours with occasional shaking.
The resulting mixture was filtered with Whatman filter paper
(grade 542). The process was repeated for 4 days and the
aqueous solvent evaporated to dryness, leaving 209.4 grams of
a sticky dark brown residue.
The undesired constituents such as carbohydrates and
proteins in the crude extract were separated by dissolving the
extract in water, because both carbohydrates and proteins are
completely soluble in water [26, 27]. 80 g of the residue was
fractionated (successive differential extraction) with Soxhlet
apparatus using first, hexane at 340K-343K, followed by
ethyl acetate at 348K-350K, acetone at 327K-329K and
methanol at 336K-338K. On evaporation of the solvents,
10.6756 g of dark green viscous oil, 10.6235 g of dark green
amorphous solid, 16.7246 g of greenish yellow solid and

19.4730 g of a dark red solid were obtained for hexane, ethyl
acetate, acetone and methanol, respectively. Phytochemical
analyses of the sticky dark brown residue and the greenish
yellow solid (from differential extraction with acetone at
329K) were conducted according to the methods described in
Yadav and Agarwala, 2011 [28]; and Sabri et al., 2012 [29] to
obtain the flavonoid used.
2.3. Preparation of Different Concentrations of the
Flavonoid in Sulphuric Acid Solutions
0.5 g of the flavonoid was dissolved in 50 cm3 of ethanol in
a beaker and then added to 1Litre volumetric flasks containing
900 cm3 of 0.1M sulphuric acid solution. This was made up to
the 1000 cm3 with the same acid solution to give 0.5 g/L of the
solution. This formed the stock solution from which 0.1, 0.2,
0.3, and 0.4 g/L of the solution that was used as test solutions
were prepared.
2.4. Corrosion Experiment: Weight Loss Method
The different concentrations of the flavonoid prepared in
0.1M H2SO4 solution (0.1 g/L, 0.2 g/L, 0.3 g/L, 0.4 g/L and
0.5g/L) were measured into five out of six separate beakers
maintained at 303, 313, 323, 333 and 353K in a J.P.
SELECTA 6001197 water bath. The sixth beaker is the
control experiment. Previously weighed mild steel coupons
were then immersed into the test solutions. Each coupon was
retrieved after 24 hours progressively for 7days. The initial
and final weights of the dry coupons were taken in grams
using a RADWAG AS 220/C/2 analytical weighing balance.
The difference in weight of the coupons before and after
immersion was taken as the weight loss and recorded. The
inhibition efficiencies of the flavonoid (catechin) were
calculated using the formula [30],
%I.E = (1- W1/W2) x 100

(1)

Where W1 and W2 are the weight losses in grams for mild
steel in the presence and absence of the flavonoids from Nypa
fruticans Wurmb leaves extract, in the sulphuric acid (H2SO4)
solution at a particular temperature.
The corrosion rate in mils penetration per year (mpy) of
mild steel in the different corrosion media was determined
from the weight loss using the formula [22],
Corrosion Rate, CR (mpy) = 534w/DAT

(2)

Where w = weight loss (mg), D = density of specimen (g
/cm3), A = surface area of specimen (cm2) and T = exposure
time (hours).

3. Results and Discussion
3.1. Phytochemical Result for Acetone Constituent
Flavonoid – Catechin: This belongs to the group of
flavonoids called flavanols. The presence of heteroatoms and
double bonds make them electron rich and are able to
effectively inhibit corrosion by providing sites of adsorption
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unto the metal surface.
Table 1. Phytochemical Result for Acetone Constituent
Test
Alkaloids
Cardiac Glycosides
Flavonoids
Saponins
Steroids
Tannins
Terpenes/
Terpenoids
Phenols
Proteins
Carbohydrates

Result
−
−
+
−
−
−
−
+
−
−
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decreased when the flavonoid from of Nypa fruticans Wurmb
leaves extract was added to the corrodent, when compared to a
corrodent without an additive (blank), as shown Figure 2. It is
believed that the additive (inhibitor) provided the electrons for
reduction of H+ to hydrogen gas through the double bonds and
heteroatoms. This inhibitor reduced corrosion by adsorbing on
the metal surface [31, 32], protecting the surface by forming a
barrier film on the surface. Its adsorption
reduced the
diffusion or movement of ions to the metallic surface, as well
as the ionization of the metal [33]. Figures 3 – 6 showed that
there was corrosion inhibition even at elevated temperatures
of 313K, 323K, 333K and 353K.

Figure 1. Flavonoid separated from Nypa fruticans Wurmb leaves extract
(Catechin)

3.2. Effect of Flavonoid (Catechin) on the Corrosion of Mild
Steel in Sulphuric Acid Solution
Figure 4. Variation of weight loss (gram) with time with different
concentrations of the flavonoid in 0.1M H2SO4 at 323K.

Figure 2. Variation of weight loss (gram) with time with different
concentrations of the flavonoid in 0.1M H2SO4 at 303K.
Figure 5. Variation of weight loss (gram) with time with different
concentrations of the flavonoid in 0.1M H2SO4 at 333K.

Figure 3. Variation of weight loss (gram) with time with different
concentrations of the flavonoid in 0.1M H2SO4 at 313K.

The weight loss of mild steel coupons significantly

Figure 6. Variation of weight loss (gram) with time with different
concentrations of the flavonoid in 0.1M H2SO4 at 353K.
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3.3. Effect of Inhibitor Concentration on Inhibition
Efficiency of the Flavonoid
Figures 2 - 6 also showed that inhibitor concentration affect
weight loss. The highest concentration of the flavonoid (0.5
g/L) gave the least weight loss while the least concentration of
the inhibitor (0.1 g/L), gave the highest weight loss at all
temperatures studied. Thus, an increase in the concentrations
of the inhibitor increased the adsorption of the inhibitor
molecules on the metal and reduced its weight loss. This
therefore, leads to higher corrosion inhibition efficiency.
Similar observation has been reported [1, 24, 25, 34].
3.4. Effect of Temperature on Inhibition Efficiency of the
Flavonoid

Figure 8. Variation of corrosion rate with Inhibitor concentration in 0.1M
H2SO4 at different temperatures.

The thermal stability of the flavonoid observed at high
temperature (323K) may be as a result of its structure (Figure
1). The presence of benzene rings confers on it, an increased
stability [37].

4. Conclusion

Figure 7. Variation of Inhibition Efficiency with Inhibitor concentration in
0.1M H2SO4 at different temperatures.

From figures 7 and 8, it could be clearly seen that
temperature changes also affect the inhibition efficiency of the
flavonoid and consequently, the corrosion rates of the metal in
the acid solution. Inhibition efficiency increased as
temperature increased from 303K to 323K and began to
decrease as temperature was further increased to 333K and
353K. Best corrosion inhibition efficiency of 74.48% was
achieved at 323K. A similar trend was reported earlier [25].
This observation deviates from the observations made in [23]
and in [10], where the percentage corrosion inhibition
efficiencies decreased as the temperature increased from 303K
to 323K. This deviation in trend might be due to the purer
nature of the flavonoid achieved by the separation and the
phytochemical analysis of the Nipa wurmb constituents. The
increase in the percentage inhibition efficiency may also be
attributed to a change in adsorption type from physisorption to
chemisorption as temperature is increased [35]. The drop in
inhibition efficiency at 333K and 353K, as observed, could be
due to solubility of the protective films on the mild steel
surface as temperature increased, which increased the metal
corrosion [31, 36].
The high percentage corrosion inhibition efficiency results
in reduced corrosion rates, as shown in figure 8.

From the study, it can be concluded that flavonoid –
catechin, separated from Nypa fruticans Wurmb leaves extract
by differential extraction, can be used as a purer, safe,
environment friendly and efficient corrosion inhibitor of mild
steel in sulphuric acid at 303K, 313K, 323K, 333K and 353K.
Since the flavonoid is a purer inhibitor when compared with
the crude extract, it can be used in special systems to achieve
effective corrosion inhibition of mild steel in acid media at
elevated temperature.
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