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ABSTRACT

Corrosion of mild steel in hydrochloric and nitric acid solution was studied
by weight loss and thermometric methods in presence of ocimum sanctum
extract. Fromweight loss datait was concluded that theinhibition efficiency
increases with the increases in the concentration of the extract of stem in
HCl and HNO, solution as compare to extract of leaves of ocimum sanctum.
Maximum inhibition efficiency was found (98.67%) in 0.5N HCI acid with
1.2% stem extract, whereas it was (71.62%) in 2N HNO, acid with same
concentration i.e. 1.2%. The corrosion rate was found to decrease with the
increases in concentration of extract up to 0.3% to 1.2%. In the case of
thermometric method it was concluded that the reaction number decreases
with theincreasesin the concentration of extract while inhibition efficiency
increases with increasing concentration of extract of ocimum sanctum in
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INTRODUCTION

Mild steel iswidely used for mechanica and struc-
turd enginesringpurpose, bailer, plaes seamengineparts
and automobileetc. it findsavariety of usesin most of
chemicd industriesdueto itslow cost and easy avail abil-
ity for fabrication of variousreaction vessd, tanksand
pipesetc. Inacidic medium meta tendsto corrode. HCI
and HNO, acidshave been used for drilling operation.

The present study is based on the fact that some
nitrogen and sul phur containing natural productslike
Tarmerind tea leaves, Beet root!*2, Saponinl®,
Termindiabdlericad®, Eugeniajambolang®, Peel 557,
Hennal®, Prosopis juliflora®, Ginger*®, Ficus
religeosd™, Garlic extract™, Adhotodavisca™ have
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been found effective corrosioninhibitorsfor mild sted.

Theimportance of the study liesin the fact that
naturally occurring plant products are non-polluting,
ecofriendly, cheaper, lesstoxic and easily available.
They are biodegradable so can widely be used with-
out sideeffect.

Various heterocyclic compounds synthesized in
|aboratory!#+19 having heteroatom O, N and Sarefound
to havehigher basicity and el ectron density thud assist
corrosioninhibition. N, O and Sare active centrefor
the process of absorption on the metal surface. The
el ectric charge, orientation, shapeand size of themol-
eculeplay animportant rolein theeffectiveness of inhi-
bition. They areused ascorrosioninhibitor sincethey
are get adsorbed onthemeta surfacewhich essentialy
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block the discharge of H* and dissolution of metal ion
inacidic environment, the extract of different partsof
plant like seeds, stem, bark and leaves can be used as
inhibitor to reducethe corrosion rate of mild stedl.

Ocimum sanctumisavery common plantinIndian
system, which has been used asantimaterial and anti-
bacterid, ar purifier fromancient timein Indian homes.
It’s stem and leaves powders are used as medicine in
many diseasesviz. ussful inblood glucose management,
maintain ahedthy digestive system, encourageefficient
useof oxygen, enhancethe efficacy of many therapeu-
tic treatmentsetc.

The chemical composition of ocimum sanctumis
highly complex, containing many vitaminslikeAand C,
calcium, zinc, iron, chlorophyll and many other
phytonutrientsarepresent in extract of ocimum sanctum.

Major chemical constituents responsible for
physico-chemicd action of ocimum sanctum arevolatile
oil (0.1to0 0.9%), eugenol (60-70%), cavacrol (about
3.0%), eugenol methyl ether (20%) and other minor
chemical constituents of ocimum sanctum are alka-
loids, glycoside, saponin, tannin, maleic acid, ursolic
acid, citricacid and tartaric acid.

Ursolic Acid

B-bisabolene (13-20%), methyl chavicol (3-19%),
1-8 cineole (9-33%), a- bisabolene (4-7%), a- terpin-
eol (1.7-7%), campestrol, cholesterol, stigmasterol,
B- sisterol and methyl ester of common fatty acid were
themain constituents of the oil during observation pe-
riod. In continuation to our earlier investigation™” on
mild steel in acid mediawith extract of ocimum sanc-
tum ascorrosioninhibitor the present work dealswith
corrosioninhibitionof mild sted by alkaloid of ocimum
sanctuminHCl and HNO,,

Eugenol

EXPERIMENTAL

Themild sted, which wasused for the experiment
having e ementa composition: Fe98.5%, carbon 1-2%,
manganese 0.1-0.2%, phosphorus 0.4-0.5% and sul-

phur 0.02-0.03%. Specimenswere prepared by cutting
themild stedl into square shaped pieceshaving dimen-
sionof 2.0cm x 2.0cmx 0.03cm with a small hole of
about 2 mm diameter near the upper edge. Specimens
werepolished tomirror finish by using emery paper. The
extract of temand leaves of Ocimum sanctum obtained
by refluxing thedried leavesand semin soxhlet in etha:
nol by heated at about 80hrs. The solution of HCI and
HNO, were prepared by using double distilled wate.
All chemicasusedwereof AR grade. Solution of differ-
ent concentration of extract wasprepared in ethanal.

Each specimenwas suspended by aV shaped glass
hook made of capillary and plungeinto abeaker con-
taining 50mL of thetest solution at room temperature,
after the sufficient exposure, test specimens were
washed with runningwater. Duplicateexperimentswere
performed in each case and mean value of weight loss
was determined. The percentageinhibition efficiency
was calculated as*®l.
N% =100 (AW, - AW )/AW,
Where AW and AW, aretheweight loss of the metal
inuninhibited andinhibited solution, respectively. The
degree of surface coverage (0) wascalculated as?.
0= (AW -AW )/ AW

Inhibition efficiency wasa so determined by ther-
mometric method. The specimen was plungeinto test
solutionand initial temperaturewasnoted. Assoon as
thereaction started temperatureincreased dowly a fird,
thenrapidly and achieved amaximum vauebeforefal-
ing. Themaximum temperaturewas noted. Percentage
inhibition efficiencieswerecd culated as®.
1% =100 (RN, - RN,)/RN,
WhereRN, and RN, arethereaction number inthefree
solutionandin presenceof inhibitor. RN isdefined as—
RN=(T_-T)it
WhereT and T, aremaximumandinitia temperature,
respectively and tisthetimein minutesrequired to at-
tain maximumtemperature. Thecorrosionrate(CR) in
mm/yr can be obtained by thefoll owing equation2!.

Amx87.6

AxTxd
Where, Amisweightlossinmg, A isareaof specimen
incm?, T istime of exposurein hours, disdensity of
metal ingm/cn?.

Corrosionrate(mm/yr) =
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RESULTSAND DISCUSSION

Weight lossdata, percentageinhibition efficiency,
corrosion rateand surface coveragefor different con-
centration of HCl and HNO, solutionwith different con-
centration of inhibitor aregiven TABLE 1. It isobserved
fromthe TABLE 1 that inhibition efficiency decreases
withincreasing strength of HCI solution andinhibition
efficiency increases with increasing concentration of
extract ineach strength of acid solution. Themaximum
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efficiency hasbeen observed inlowest acid concentra
tioni.e. 0.5N HCI acid with highest concentration of
inhibitori.e. 1.2% (98.67%) for stem extract. Whereas
itis(96.02%) for leaves extract in same HCI concen-
tration. The corrosion rate has been observed maxi-
mum in bark solution andit decreaseswith theincreas-
ing concentration of inhibitor in HCI solution of differ-
ent strength. Corresponding variation of inhibition effi-
ciencieswith concentration of inhibitor are shownin
figurel for different concentration of HCI solution.

TABLE 1: Inhibition efficiencies(m%) for mild steel in HCI solution with Ocimum sanctum extr act

Temperature: 25 + 0.1°C

Area of specimen: 8cm?

Conc. of 0.5N HCI IN HCI 1.5N HCI 2N HCI
inhibitor (71hrs) (68 hrs) (48 hrs)) (25hrs)
Am CR. Am C.R. Am C.R. Am CR.
O mg " mmy) (mg " (mmyn) mg " (mmyn) (mg "% (mmar)
Uninhibited ~ 377.0 898  260.0 6.47 2380 839 3020 20.44
Stem Extract
0.3 190 9496 045 240 9077 059 220 9075 077 320 894 216
0.6 140 9629 033 190 9269 047 160 9328 056 230 9238 155
0.9 100 9735 023 150 9423 037 150 937 052 210 93.04 142
1.2 50 9867 011 100 9735 024 90 968 031 130 9500 0.88
L eaves Extract
0.3 250 9336 059 370 8654 092 410 8277 144 970 6788 6.56
0.6 220 9416 052 250 9038 062 230 9033 081 940 6887 6.36
0.9 200 9469 047 210 9192 052 210 9117 074 80 718 575
1.2 150 9602 035 150 9423 037 200 9159 070 610 79.80 412
Pl tion. Thecorrosion rate has been observed maximum
S inblank solution and it decreaseswith increasing con-
> ol centration of inhibitor in HNO, solution of different
; 95 - ././. strength. Corresponding variation of inhibition efficien-
S ol —e—stem  cjeswith concentration of inhibitor areshowninfigure
Z 92 2for different concentration of HNO, solution.
8 ol ——leaves TABLE 3 showsthe corresponding data of reac-

0.3 0.6 0.9

Concentration of inhibitor (%o)
Figurel: Variation of inhibition efficency with concentra-
tion of stem and leavesextract for mild steel in 0.5N HCI

TABLE 2 showsresults of HNO, solution. From
thetableitisobserved that inhibition efficiency increases
withincreasing strength of HNO, solutionand it also
increaseswithincreasing concentration of extractineach
strength of acid solution. Themaximuminhibition effi-
ciency hasbeen observed in highest acid concentration
i.e. 2N HNO, with highest concentration of inhibitor
i.e. 1.2% (71.62%) for stem extract, whereas it is
(59.04%) for leaves extract in same acid concentra-

1.2

tion number (RN) with concentration of inhibitor in 1N,
2N and 3N HCI solution. No significant temperature
changewere observed inlower concentration of HCI
i.e. 0.5N acid. Therefore use of the thermometric
method wasrestrictedto 1-3 N acid solution. TABLE
3indicatesthat reaction number increaseswithincress-
ing strength of HCI solution aswel| asit decreaseswith
increasing concentration of inhibitor in each solution.
Inhibition efficiency increaseswith increasing concen-
tration of inhibitor in each solutionaswell asit decreases
withincreasing strength of HCI sol ution. Correspond-
ing curvesfor thevariation in reaction number with
concentration of inhibitor arein figure 3 for different
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concentration of HC| solution.

Results for HNO, solution of reaction number
shownin TABLE 4 indicate that reaction number in-
creaseswithincreasing strength of acid solution aswell
asit decreases with increasing concentration of in-

hibitor of each solution. Inhibition efficiency increases
with increasing concentration of inhibitor ineach acid
solution as well as aso increases with increasing
strength of HNO, solution. Corresponding curvesfor
thevariationin reaction number with concentration of

TABLE 2: Inhibition efficiencies(n%) for mild steel in HNO, solution with Ocimum sanctum extr act

Temperature: 25 + 0.1°C

Area of specimen: 8cm?

Conc. Of 0.5NHCI 1IN HCI 15N HCI 2N HCI
inhibitor (160 min.) (45 min.) (30 min.) (20 min.)
Am C.R. Am C.R. Am CR. Am C.R.
®) g " @myn g " mmyn) g " mmiyn) g " mmiyn)
Uninhibited 505.00 320.50 567.00 1279.47 663.00 224415 747.00 3792.72
Stem Extract
0.3 282.00 44.16 17897 311.00 4515 701.79 328.00 50.53 1110.23 327.00 56.22 1660.27
0.6 280.00 4455 177.70 283.00 50.09 638.60 255.00 61.54 863.13 270.00 63.86 1370.86
0.9 24400 51.68 154.85 259.00 54.32 584.45 242.00 63.49 819.13 260.00 65.19 1320.09
12 238.00 52.87 151.04 241.00 5750 543.83 197.00 70.29 666.81 212.00 71.62 1076.38
L eaves Extract
0.3 435.00 13.86 276.07 406.00 28.39 916.16 477.00 28.05 1614.57 504.00 32.53 2558.94
0.6 423.00 16.23 26846 396.00 30.15 893.60 441.00 33.48 1492.72 429.00 4257 2178.15
0.9 385.00 23.76 244.34 377.00 3351 850.72 377.00 43.13 1276.08 411.00 44.98 2086.76
12 365.00 27.72 231.65 316.00 44.26 713.07 347.00 47.66 117454 306.00 59.04 1553.64
80 1 TABLE 3: Reaction number and I nhibition efficiency (n%)
= 103 .,/k/ for mild sted in HCI solutionswith Ocimum sanctum extr act
=§ 23_ '/__’./ Temperature: 25 + 0.1°C
g 404 Conc. Of INHCI 2N HCl 3N HCI
= 30 —4—stem Inhibitor (240 min.) (210 min.) (120 min.)
S 20 RN RN RN
z o o ) kMiny " kminY) 1% (K MminY 1%
T : : : : Uninhibited 0.10 0.063 0.050
0.3 0.6 0.9 1.2 Stem Extract
Concentration of inhibitor (%o )
Figure2: Variation of inhibition efficency with concentra- 03 0034 66 0028 5555 0026 480
tion of stem and leavesextract for mild steel in 2N HNO, 0.6 0028 72 0024 6190 0.021 580
0.045 - 0.9 0021 75 0021 6666 0018 640
0.04 | -\\\- 12 0018 81 0018 7142 0015 700
> 0.035
£ 0031 L eaves Extract
£ 00254 03 0040 60 0036 4285 0030 400
: oote | Bl 0.6 0038 62 0031 5079 0028 440
g o001 b 09 0031 65 0026 5873 0025 500
B 0'003_ . . . . 12 0029 71 0022 6507 002 600
0.3 0.6 0.9 1.2

Concentration of inhibitor (%)
Figure3: Variation of reaction number with concentration
of stem and leaves extract for mild steel in IN HCI

iINHNO, solutioninhibition efficiency of inhibitor ismaxi-
mum at highest concentrationi.e. 20N HNO,. Thisis
because of fact that in the case of HNO, oxygen atom

inhibitor areshowninfigure4 for different concentra:
tionof HNO, solution.

Incaseof HCI solution. Inhibition efficiency of in-
hibitor ismaximum at |ower concentrationi.e. 0.5N but
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formed aprotectivelayer onthemetal surface, which
essentially block thedischarge of H* and dissol ution of
metal ioninacid mediaso they arereducethe corro-
sonrateof mild sted withinhibitor.
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TABLE 4: Reaction Number and I nhibition efficiency (n%)
for mild steel in HNO, solutions with Ocimum sanctum
extract

Temperature: 25 + 0.1°C

Conc. Of INHCI
Inhibitor (240 min.)

(%)

2N HCI
(210 min.)

3N HCI
(120 min.)

RN RN RN
K Minh) " K minY " K minY NP

Uninhibited 0.170 0.830 1.190

Stem Extract
0.3 0.100 41.18 0.390 53.01 0430 63.86
0.6 0.090 4705 0.340 59.03 0.400 66.38
0.9 0.080 5294 0300 6385 0370 68.90
1.2 0.070 5882 0270 6746 0320 73.10

L eaves Extract
0.3 0.140 1764 0580 30.12 0.720 39.49
0.6 0.130 2352 0520 37.33 0.670 43.69
0.9 0.120 2941 0480 4221 0500 57.98
1.2 0.100 41.18 0450 4578 0.480 59.66
0.8 -
0.7 -

Z 06-

g 0.5 -

T 04 ‘\0\‘\.

; 03 | ——stem

202

z: 0.1 - — 23V e
0

0.3 0.6 0.9 1.2
Concentration of inhibitor (%)

Figure4: Variation of reaction number with concentration of
stem and leavesextract for mild steel in SN HNO,

CONCLUSION

Bothweight lassand thermometric method show that
ocimum sanctumisagood corrosioninhibitor for mild
ged inHCl solution. It was concludethat extract of sem
isbetter corrogoninhibitor thanthat of leaves. Themaxi-
mum inhibition efficiency shown by stem extract was
98.67% for 1.2% concentration in 0.5N HCI. Both
method show sametrendfor corrogoninhibitioneffiaency.
Both methodsarein good agreement with each other.
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