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Abstract

The inhibitive action of Piper guineenggziza leaf) extract on the corrosion of mild
steel in a 2 M ESQs medium has been studied using weight loss methiogl .cbllected
leaf samples were rigorously grounded and squeea#uihe resultant gel extract used
for the weight loss determination at 1.0%, 2.0%0%3. 4.0% and 5.0% v/v
concentrations, respectively. Therefore, rectangui# steel coupons in a 2 M>BOy
solution were also employed to determine the amotiateight loss in the absence and
presence of Piper guineense extract at temperatdird@3 K, 313 K and 323 K. The
results show that mild steel corrosion inhibitiomcreases with increasing
concentrations of Piper guineense extract, showgngater efficiency at higher
temperatures of 313 K and 323 K. Moreover, Pipenggnse extract can effectively
perform as a green and non-toxic inhibitor for mideel corrosion in acidic
environments.

Keywords: Piper guineense, corrosion inhibitor, weight loadsorption and acidic
medium.

Introduction

Corrosion is a serious economic challenge in thepmduction industry. In
Nigeria, millions of naira are lost each year beeaaf corrosion [1]However,
corrosion inhibitors are widely used among oth&vpntive or control methods,
to mitigate metallic corrosion; they are substanttest, when added in low
dosages to a corrosive environment, prevent oredser the corrosion rate of
metals or alloys [2]. Many known inhibitors contdieteroatoms such as O, N
and S, and multiple bonds in their molecular stites. Examples include
nitrogen based compounds (amides, amines, imideslior quaternary
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ammonium compounds). These chemicals are adsornitedtlee metal surface,
thus forming a protective layer (film) that preventorrosive agents from
contacting with the metal [3].

Owing to the strict environmental regulations or tise of these chemicals in
offshore oil and gas fields, attention has beefieghto the development of green
alternatives to manage corrosion issues [4]. On¢hef more effective green
approaches is the use of plant extracts as corroslobitors. Several research
works have reported the use of plant extracts @ dbrrosion inhibition of
metals in acidic media. For example, GunasekaranCGirauhan [5] studied the
inhibition effect of 20%, 50% and 88% of an aqueexsract of Zenthoryhm
alatum leaves on mild steel corrosion P&y, using weight loss and
electrochemical impedance spectroscopy technidtls.(It was concluded that
88% of the aqueous extract showed the highestitrdnbkefficiency at 70 °C. In
turn, Abiola et al[6] investigated the inhibitive action of citruanadise fruit
juice on mild steel in a HCI solution at a temperatrange of 30 °C to 50 °C,
using weight loss technique. They observed that itifebition efficiency
decreases with increased temperatufestel et al.[7] studied the inhibitive
action of Wrightiatinctoria, Clerodendrumphlomidis and Ipagatriloba plant
extractson mild steel in 0.5 M EBQw using weight loss, electrochemical
impedance spectroscopglectrochemical polarization and scanning electron
microscopic methods. They observed that the inbibiefficiencies of the plant
extracts increased with their higher concentratidng decreased with higher
temperatures.

Piper guineensés a West African plant species, cultivated in Mayésland,
India, Nigeria and other West African countrieseTpice gotten from its dried
fruits is commonly known as West African peppe”Ashanti pepper. The leaves
of this plant species are known as uziza in Nigdrfee roots, fruits and leaves of
this plant are used in the treatment of fever, rmathabdominal pain and
bronchitis [8]. Ebenso et al. [9] studied the intte effect of ethanol extract of
Piper guineensen the corrosion of mild steel in.HQi, using thermometric,
gasometric and gravimetric methods, but this stadys to investigate the
inhibitive action of the squeezed of Piper guineeastract on the corrosion of
mild steel in an SOy medium.

Experimental

Material

The materials used for the study were mild steeb&h(composition of 0.05%-
0.25% carbon and up to 0.4% manganese). The shestsnechanically cut into
different rectangular coupons, each one with tmeedisions of 4 cm x 5 cm X
0.11 cm. At the edge of each mild steel couponple was made for proper
immersion in an acidic solution. Therefore, propetubbing of all coupons with
a brush was carried out, and then they were degnldaswashing with deionized
water, dried with acetone and stored in a desicdagfore use. A 2 M FEQy
solution was prepared and employed as the aciditume
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Plant (Piper guineense) sample preparation

Samples of Piper guineense were collected fronUthigersity of Port Harcourt
Botanical garden in Port Harcourt, Rivers, NigeBamples of the leaves were
rigorously grounded and squeezed, with the resuliqmid gel emanating from
them. The gel concentrate was properly sieved taimba clear semi-liquid
concentrate. The filtrate was later stored in arciglass bottle.

Methods

Weight |oss determination

The method started with initial weight measurenwdrihe pre-cleaned mild steel
coupons using a weighing balance (Mettler Toleds).O'his was followed by
careful immersion of the coupons with the aid afthgtic threads into 100 mL
of 2 M HSQs (aq) (blank solution). Afterwards, these coupons weunghir
immersed into the acidic solution containing adégaer guineense extract with
concentrations of 1.0%, 2.0%, 3.0%, 4.0% and 5.08orespectively; they were
placed in a thermostatic water bath (P Selectayd&amaintained at 303 K, 313
K and 323 K, respectively. The weight loss was mheiieed by retrieving the
mild steel coupons at 2 hour intervals. Before measent, each coupon was
scrubbed with a light brush, rinsed with de-ionizeater, cleaned and dried with
acetone. The whole process was carried out in te@eates. The weight loss of
mild steel coupons was evaluated in grams as tfiereice in their weight
before and after immersion in the inhibitor/blakusion, using equation (1).

AW = (W, -W,) (1)
where W= initial coupon weight and Y& final coupon weight.
From the weight loss determination, the inhibitefficiency (%l) of the extract

was calculated using equation (2).

AWADDITIVE X 100%]
AWBLANK

%Inhibition efficiency = L2 Wauak =

(2)

where AW, .« IS the change in the mild steel weight in the litor absence,
and AW,,.ve IS the change in the mild steel weight in the liitor presence.

Results and discussion

Effect of Piper guineense extract on the corrosion of mild steel

The weight loss variations with time for mild stel an acidic medium at 303
K, 313 K and 323 K, are shown in Fig. 1. From firgsire, the weight loss is the
highest at 323 K, and the lowest at 303 K. Thereftine corrosion rate, which
produces the weight loss of the mild steel couponghe acidic medium,
increases with higher temperatures. Weight lossegbf mild steel in the acidic
solution at 313 K and 323 K are far greater thars¢hat 303 K under the same
conditions. This implies that mild steel corrosioate is greater at higher
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temperatures, which creates the need for very tegiperatures conditions, so
that plant extracts effectively inhibit corrosion.
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Figure 1. Variations of weight lossAW) with time for mild steel coupons in a 2 M
H>SOy solution at three different temperatures, in titehitor absence (no additives).

The corrosion rate of the mild steel coupons inabielic medium was observed
in the plant extract presence, at 303 K, 313 K, 221K, as shown in Fig. 2, Fig.
3 and Fig. 4, respectively.
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Figure 2. Weight loss variations with time for mild steelupmns in a 2 M EBOy
solution containing different concentrations ofdétiguineense extract, at 303 K.

From Fig. 2, it was clearly observed that, at 3Q3hH€ weight loss of mild steel
coupons considerably decreased with increasing erdrations of Piper
guineense extract over time. Based on this, itbmamferred that Piper guineense
extract can effectively perform as a corrosion ltbr for mild steel in an acidic
environment. This corresponds to the observatiaadenby Ebenso et al. [9],
using ethanol extract of Piper guineense.

Fig. 3 shows that, at 313 K, the increase in thecentration of Piper guineense
extract from 1.0% to 5.0% v/v resulted in decregsireight losses of mild steel
coupons over the given time. In addition, mild kt@rosion rate in the presence
of Piper guineense extract was lower than thatiodtafor the blank. This
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indicates that the various used concentrationsiggrRyuineense extract inhibit
mild steel corrosion in a4$Qs solution.
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Figure 3. Variations of weight loss with time for mild stesbupons in a 2 M SOy
solution containing different concentrations ofdtiguineense extract, at 313 K.
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Figure 4. Weight loss variations with time for mild steel pams in a 2 M SOy
solution containing different concentrations ofdiguineense extract, at 323 K.

In Fig. 4, the weight loss of mild steel couponsmacidic solution was found to
decrease with a higher concentration of Piper guriee extract from 1.0 mL to
5.0 mL, at 323 K, indicating that it can inhibit Ichisteel corrosion at higher
temperatures. This trend corresponds to the studylamsissa (Ambrosia
Maritime L) plant extract on the corrosion inhibiti of mild steel in a B8O
medium at 313 K, by Abdel-Gabelr et al. [10]. Thkibition efficiencies (%El)
variations for mild steel coupons in a 2 MS3® solution containing different
concentrations of Piper guineense extract at diffetemperatures are presented
in Fig. 5.

It can be seen from Fig. 5 that an increase irctimeentration of Piper guineense
extract from 1.0% to 5.0% v/v resulted in a cormespng higher inhibition
efficiency. In addition, as the temperature of thedic/corrosive medium
increased from 303 K to 323 K, the extract inhditiefficiency also increased,;
this indicates that the IE is enhanced with higleenperatures, irrespectively of
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the extract concentration in the acidic medium.sTiiend contrasts with the

observations made by Ebenso et al. [9] on the fisth@nol extract of Piper

guineense; they found out that its inhibition effrcy values decreased with an
increase in temperature from 303 K to 333 K. Cousat]y, they concluded that

the extract inhibition mechanism is based on plasadsorption, rather than

chemical adsorption, and that its inhibition efiocy values increase with higher
temperatures [11, 12 and 13].
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Figure 5. Inhibition efficiency variations for mild steel cpons in a 2 M EHSQOy
solution containing different concentrations of é€lipguineense extract at different
temperatures.

Conclusion

From this study, we safely concluded that 1.0%%®.8.0%, 4.0% and 5.0% v/v
of Piper guineense extract inhibit mild steel ceimo in a 2 M HSQs acidic
solution at 303 K, 313 K and 323 K, respectivelhhisT plant extract can
effectively inhibit corrosion at increased concatitms and temperatures. In
addition, the samples preparation method may infieeinhibition efficiency
values, with respect to temperature and conceoirakinally, Piper guineense
extract is a good green corrosion inhibitor for dnisteel in an acidic
environment.
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