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ABSTRACT

The synergistic effect of an antimalarial drug sold under the trade name
“Antimal”, a combination of sulphadoxine and pyrimethamine, which con-
tains nitrogen, oxygen and sulphur atomsin their molecular structure, was
studied as alow cost and ecofriendly corrosion inhibitor for mild steel in
0.1M HCI solution at room temperature by weight loss technique. The
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results obtained show that the drug has promising inhibitive properties at
all concentrations considered in this study. The inhibition efficiency was
also found to increase with increase in the concentration of the inhibitor.
A mechanism for theinhibitive action of the drug aswell asitskineticshas

also been proposed.

INTRODUCTION

Man has benefited immensely from the advent of
metallic structures, whether intheir pureform or al-
loyed. However, there has been seriousthreat to the
durability of metallic structures; in onepart duetothe
natural tendency for metalsto returnto their original
forms—the ore— and in the other part due to adverse
human activitiesin which metalsarebeing exposed to
aggressveenvironments.

Thequest to reduce the extent to which corrosion
destroys metalic structures has drawn the attention of
many!. Oneof themost practica waysfor monitoring
corrodent behavioursaswell asthe protection of met-
asagaingt corrosionisthe gpplication of chemica cor-
rosioninhibitorg?¥. Most of these corrosioninhibitors
are synthetic chemicals, expensiveand toxic. There-
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fore, research activitiesinrecent timeshave been geared
towardsdeve oping cheap, non-toxic and environmen-
tally friendly corrosioninhibitors®. Theseare mostly
referred to as“green-inhibitors.”

Theattention drawn toward towards“‘green inhibi-
tors”’ —originally, naturally occurring substances— has
been extended to pharmaceuticas. Thismay bedueto
theknowledgethat pharmaceuti cal s posses molecular
structureswith heteroatomslike S, P, N and n-bonds
that are characteristics of established organic corrosion
inhibitorg®7. Thisdevelopment may have beendriven
by themeritsof pharmaceuticalsover natura plant ex-
tractswhose complex compositions haveto contain
activecorrosoninhibitorsconstituent(s) identified and
isolated at additional expense beforecommerciaiza-
tion, whereaspharmaceutica chemicdsarereadily avall-
ablewith known composition thereby shortening the
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timethat would berequired for practica application
studies®.

A survey of availableliterature hasshown awide
gpectrum of drugsexhibiting corrosoninhibitiveeffect
on metalsin acidic media; amongst these are sulpha
drugs®, antibacterial 9%, antibiotic®, etc. Aspart of
our contributionto thegrowing interest of exploring cost-
effective“green corrosion inhibitors”, the present work
describesastudy of corrosion protection action of an
antimdarid drugwithtradename*‘Antimal’ on mild steel
inHCl solution using thewel ght losstechnique. Antimal
isanantimalaria drug consisting of two compounds,
sulphadoxine and pyrimethamine each constituting
500mg and 25mg of the drug respectively. Therefore,
the combined molecular weight of atablet is558.5¢/
mol and their structuresare shown below:
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Sulphadoxine Pyrimethamine

EXPERIMENTAL

Thusfar, varioustechniques have been employed
to monitor corroson of metds, viz weight lossmethod,
gasometric methods, thermometric methods, electro-
chemica methods, etc. Theexperimenta model devel-
oped for thisstudy wasimplemented using theweight
losstechnique. Theweight loss method of monitoring
corrosion rateisuseful because of itssimpleapplica
tion and reliability!Y,

Materials

Commercially availablegrade of mild steel sheets
(purity 98%) of 0.10cm inthicknessusedinthisstudy
wereidentified and obtained locally. The sheetswere
mechanically pressed cut into 3cm by 3cm coupons
with smal hole of about 5mm diameter near the upper
edgeto help hold them with glasshooks. The coupons
were polished to remove unwanted adhering impurities
using emery papers, degreased with acetone, washed
indoubledistilled water and dried in adesiccator be-
foreusd™. Theconcentrationsof thehydrochloric acid
were prepared by dilution method™*?,
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Inhibitor

Theantimaariadrug used in this study was pur-
chased locally as“Antimal’ tablets. Each tablet con-
tains 500mg of N’ (5, 6-dimethoxy-4-pyrimethanyl)
sulphanilamide (sulphadoxine) and 25mg of 2, 4-
diamino-5-(p-chlorophenyl)-6-ethyl pyrimidine (py-
rimethamine). With thiscombination, each tablet of the
drug hasmolecular weight of 558.5g/mol. With these
characteristics, the drug was suspected to possessa
good inhibitiveeffect. The drug was used without fur-
ther purification. The concentrationsof thedrug ranged
from 3.78x103M t0 15.13x103M.

Weight loss measurements

Intheweight |oss experiment, fiveplastic contain-
erswerelabelled A to E, each containing 500ml of HCI
solution. Thefirst beaker wasreserved asblank while
each of thefour remaining beakerscontainthedrugsat
different concentrationsall placed a room temperature
(about 30°C). Themeta couponswereimmersedin
theexperimentd solutionswiththehelp of glasshooks
and monitored daily (after 24hours). Theweightsof the
specimenswerenoted beforeimmersion. After every
immersion time of 24hours, the specimenswerere-
moved, polish with emery papers, washed in double
distilled water, degreased with acetone, driedinwarm
ar andre-weighed. Fromtheinitia and fina weightsof
the specimens, theloss of weightswas ca culated and
thecorrosionrate (in mpy* —millimetre penetration per
year) was computed from the equati on bel ow*4:

534w
DAt (1)
whereW istheweight loss(g), D isthedensity of the
specimen (7.85g/cm?3), A isthe surface area of speci-
men (cm®) andt istheimmersiontime (days).

Theé€fficiency of theinhibitor wascomputed using

the equation bel ow™:;

Corrosion rate, CR =

W, —W,

Inhibition ef ficiency, WIE = e 100 2

whereW istheweight osswi tﬁout inhibitorandW, is
theweight losswithinhibitor.

RESULTSAND DISCUSSION

Weight loss measurements
The effect of an antimalarial drug, “Antimal”
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(sulphadoxine+ pyrimethamine), was studied asacor-
rosgoninhibitor for mild sted in 0.1M solution of HCl at
room temperature using theweight losstechnique. The
resultsobtained show that theinhibitor inhibited acid
corrosion of mild sted efficiently. Theresulton TABLE
1 showsthat theinhibition efficiency increased asthe
concentration of theinhibitor increased. Thisindicates
that more of the inhibitor molecules were needed to
sufficiently cover awider surface areathereby prevent-
ing attack by aggressiveiong*®. Thereisaremarkable
inhibitiveeffect at 15.13x10°*M of theinhibitor where
theinhibition efficenciesaremaintained high above 60%
throughout thesix days of studieswithout being replen-
ished.

TABLE 1: Valuesof inhibition efficienciesfor thecorrosion

inhibition of mild steel in 0.1M HCI by “Antimal”
(sulphadoxine+ pyrimethamine)

Inhibitor Inhibition Efficiency (%)
Concentration
(x10°M) lday 2days 3days 4days 5days 6days
3.78 67.57 63.64 56.52 50.33 50.94 45.45
7.56 70.27 65.45 57.97 53.49 51.89 47.93
11.35 78.38 74.55 68.66 66.28 63.21 58.68
15.13 83.78 76.36 70.15 67.44 66.98 63.63
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Thecorrosionbehaviour of mild sted inacorrodent
issymbolized by the degreeto whichit dissolvesand
thisismeasured as corrosion rate. Corrosionrate, is
thus animportant measurement in corrosion studies*¥.
With the help of equation 1, we have computed the
corrosion rate of mild steel in 0.1M solution of HCI
with and without theinhibitor asshownin TABLE 2.

Asobserved from TABLE 2 theinhibitor (which
condtitutetwo compounds) wasableto sgnificantly and
progressively reduce the corrosion rate through the
control solution to the onewith the highest concentra-
tion of theinhibitor. Also, acursory observation of Fig-
ure 1, which showsthevariation of weight loss over
time, indicatesthat the extent to which theinhibitor
mol ecul es have been ableto reducethe corrosiveness
of theacid medium. However, asitisseen, theweight
losspersstently increased with increaseintimeacross
al the concentrationsof theinhibitor.

Kineticsof corrosion inhibition

Chemical kinetic treatment of the datawas neces-
sary inorder to obtain information about the order of
thereaction. If the concentration of the corroding me-
tallic material isestimated in termsof weight lossper

TABLE 2: Valuesof corrosion ratefor the corrosion inhibition of mild steel in 0.1M HCI by “Antimal” (sulphadoxine +

pyrimethamine)

Corrosion Rate, CR (mply)

Time (days) 3 3 3 3
Blank 3.78x10"°M 7.5x10"°M 11.40x10™°M 15.13x10™"°M
1 0.1165 0.0378 0.0346 0.0346 0.0189
2 0.0866 0.0315 0.0299 0.0221 0.0205
3 0.0724 0.0315 0.0315 0.0221 0.0210
4 0.0677 0.0323 0.0323 0.0228 0.0220
5 0.0668 0.0323 0.0334 0.0246 0.0221
6 0.0635 0.0346 0.0346 0.0262 0.0231

volume (g/l) of the corrodent, then, thekineticsof the
system can be proposed. Following thework of Sharma
and Sharmd’, weassumethat if ag/l istheinitia con-
centration of themild steel (MS) and after time, t, x g/
| of MS had decomposed into corrosion products.
Therefore, theremaining concentration of MSat time,
t=(a—x)g/l. If aplot of log(a-x) against t givesastraight
line graph, then the reaction can be said to be afirst
order reaction. It was based on thisthat we cal culated
for theremaining concentration of MSand obtained a
graph shown in Figure 3. The shape of thegraphin

Figure 3 showsthat the system under consideration fol-
lowed afirst order kinetics.

Corrdation of corrosion ratewith time

Thevariation of corrosion rate was computed and
presented as Figure 3. It is observed that the corro-
sionrate of the blank progressesfaster than that esti-
mated for theinhibited system. Thegradua decrease
inthe corrosion rateis probably dueto the passivity
acquired by themetal specimen asaresult of covering
of athinfilm of theinhibitor on the metal -corrodent
interface.

A Tndéan W



186 Synergistic study of corrosion inhibition of sulphadoxine and pyrimethamine PCAIJ, 9(6) 2014

Full Poper ===

1.4

1.2
— ——Blank (0.1M HCl)
CR
% 08 ~—3.78M sulphadoxine +pyrimethamine
e
'So 0.6 - =#—7.56M sulphadoxine +pyrimethamine
% 04 . , 4
= == 11.35M sulphadoxine +pyrimethamine

0.2

0 =j==15.13M sulphadoxine +pyrimethamine

1 2 3 4 5 6

Time (days)
Figurel: Variation of weight losswith timefor the corrosion of mild steel in 0.1M HCI and containing different inhibitor
concentrationsat 30°C
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Figure3: Variation of corrosion rate (mp/y) with timein daysfor the corrosion of mild steel in 0.1M HCI with different
concentration of theinhibitor

M echanism of corrosion inhibition corrosion inhibitorsmay berelated to the concept of
The inhibition action of organic compoundsas Mmolecular adsorption on the metal surface!®*9. The
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action of theinhibitor moleculesmay beduetothepres-
enceof N, S, O heteroatoms aswell asthe aromatic
ringswhich containt-electrons in their molecular struc-
tures. Thecollaborative action of thetwo molecular
compounds leadsto increase in the bulkiness of the
inhibitor whichinturnenhancesthewider coverageon
the metd surface. Furthermore, dueto the presence of
many heteroatoms (with lonepairsof e ectrons) aspo-
tential adsorption centresthroughout the structure of
themolecules, whatever orientationthemoleculesmake
towardsthemetal surface, it would result in coordina-
tion betweentheinhibitor-meta interfaces. Thisfurther
enhancesthedegree of adsorption betweentheinhibi-
tor moleculesand themetal surfaces.

CONCLUSION

Sulphadoxine and pyrimethamine combination as
“Antimal” significantly reduced the corrosion rate of mild
steel in 0.1M solution of hydrochloric acid at al con-
centrations. The corrosiveness of the corrodent me-
dium reduced asnoted inthecomputed corrosion rates
duetotheaction of theinhibitor moleculesin protecting
themetal surface. Thebehaviour of theinhibitorsindi-
catestheaction of their molecular structure. It should
be noted that, the synergistic study of thedrugispre-
liminary astheauthorswill in duecourseinvestigatethe
inhibition actions of the molecul esthat make up the
“Antimal” drug individually.
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