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ABSTRACT

The present study is attempted to investigate the inhibition of corrosion in mild steel in acid medium by using
Adathodavasica plant extract. The weight of the mild steel specimen at different time intervals was measured at
different concentration levels of the adathodavasica in 1IN HCI. A quadratic equation was fitted to the corrosion
phenomena by least squares method using SPSS statistical package. It is found that adathodavasica at 100 ppm was

an efficient inhibitor to an extent of 96.3%. It was also found that corrosion was slowed down to the extent of
78.2%.
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INTRODUCTION

Most of the engineering materials are made upaof,icopper and aluminium base alloys. These aralynased in
condensers, heat exchangers, boilers, fabricatindsrefineries. The use of sea water or back watetooling is
economical in industries like fertilizers, petroatieals, chemical processing plants etc situatedratdSurathkal.
The corrosion of these materials by chemical amdtedchemical reaction leads to material damageidents,
material loss etc.

The metallic corrosion being an electrochemicakpes with anode or cathode reactions. It is plessibreduce
corrosion by reducing the rate of either or bothtledse reactions. The literature survey reveals dhganic
inhibitors in lower concentration (ppm level) dexses corrosion rate [1,2]. Many of these possesibesyen,
sulphur, oxygen containing aliphatic or aromaticlenales that forms a protective screen and pregeolution of
hydrogen in cathode region[3] or anodic reactidrige corrosion rate depends on the nature, shap@&ragdlarity
of the metal surface, properties of inhibitor, nexdj temperature etc.

A good number of inhibitors[4,9] are implementedrégard corrosion, but many of these although sssfody

retard corrosion are not economically favorableunee tedious preparation technique and are tomit llence a
choice of inhibitor which are ecofriendly, non toxidegradable and economically profitable are widgldied,

such as plant extracts in aqueous and organic [ilta$é€].

MATERIALS AND METHODS

2.1.Weight Loss Method

The commercially available alloys having dimensiér&x0.1cm are polished and these specimens areriseah in
known amount of medium with various diverse ionke Wweight loss is measured in the absence andnuesd
inhibitors for any specific period of time. The spren were taken out and washed with distilled wetesed with
trichloroethylene dried and reweighed. The peraitahibition efficiency can be calculated
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LE=w,—w x100

W
Where v and ware the weight losses in uninhibited and inhibitedoding solutions respectively.

2.2. Preparation of plant extract
a)Adathodavasica (Adusoge) :The leaves of adatlasilza were collected and dried under sun lightHee days
and finely powdered and used as inhibitor.

Phytochemical Sreening:

Plant extract used Alkaloids Carbohydrates  Saponirls Phenals Flavonoids Proteins
Wagner's tesi Hager'stest Molisch's test  Foam|tds¢ClTest | Lead acetate test  Xanthoproteic fest
Adathoda vasica Present Present Present Present senPre Present Present

Preparation of specimen: The commercially availabigdd steel was used for experiment. The elemental
composition is as follows, carbon 1-2 %; Mn 0.1-@2P 0.4-0.5 %; S 0.02 — 0.03 % and remainingTike. mild
steel bar having dimensions 4 cmx3 cm x 0.5 cm wadished using different grade emery
papers(100,180,320,400,600,720,800and 1/0, 2/08/0).The finished specimen are used for weights los
experiment.

Preparation of test media:

Hydrochloric acid 1N: About 110 ml concentrated (I)Lhydrochloric acid is diluted using distilled tgato 1000
ml. This approximate 1 N HCI was standardized bystdium carbonate solution using methyl orangecatdr.
The known concentrated acid is then made to 1 NByQiroper addition of distilled water.

100 ml of 1N HCI was taken in three 150 ml beak&rse known weight of solid plant extract was caltgfadded.
The above mixture stirred well. The mild steel spen was suspended and covered with watch glass.

Weight loss method:

Mild steel specimen were mechanically polished polished by emery of different grade. The polisepdcimens
were decreased using acetone or trichloroethyl€he.weighed specimen was carefully immersed in dmaker
containing 100ml of 1N HCI with and without plantteact. Weight loss measurements were made fordayes in
every 24 hours .At an interval of 24 hours testcgpens were taken out and washed with distillecewand rinsed
with trichloroethylene or acetone, dried and re\ei

2.2. Tabulation and Calculation:
The weight loss without inhibitor for mild steel 100 ml of 1 N HCI , sea water (5%salinity), 10%Mlat 24hours,
48hours ,72 hours ,96 hours ,120 hours were redard€&able 1.

Table 1:Weight loss of mild steel without inhibitorfor in 1N HCI, 10% NaCl and sea water

Weight loss in gram
24 Hrs 48Hrs 72 Hrs 96 Hrg 120 Hrs 144 Hrs
100 ml of 1N HCI 0.7427 1.7562 3.0171 4.50538 6.1993 8.0746
100ml of 10% NaCl 0.0047 0.0081 0.0126 0.0159 (B020 0.0231
100 ml of sea water 0.0037 0.0062 0.0104 0.0141 1780 0.0215

Medium

The weight loss for every 24 hours in 100 ml of HNI medium is tabulated in Table 2.

Table 2: Weight loss of mild steel without inhibita in 1N HCI

Time | Weight | Weight loss for | Difference of weight loss Difference of weight
in Hrs in g every 24 Hrs (g) for every 24 Hrs (g) loss as increase of 24 Hrs ()
0 57.5263
24 56.7836 0.7427
48 55.7701 1.0135 0.2708
72 54.5092 1.2609 0.2474 0.0234
96 53.0205 1.4887 0.2278 0.0196
120 | 51.3270 1.6935 0.2048 0.0230
144 | 49.4517 1.8753 0.1818 0.0230
168 | 47.4173 2.0344 0.1591 0.0227
192 | 45.2467 2.1706 0.1362 0.0229
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The details of weight loss for every 24 hours ir0 1@l of 1 N HCI with inhibitor adathodavacica affefent
concentration is tabulated in Table 3.

Table 3: Mild steel in 1N HCI at room temperature 30+1° C) with Adathodavasica extract

Inhibitor concentration| Weight loss in g % inhibitor efficiency
in (ppm) 24 48 72 96 120 24 48 72 96 12
0 0.7427| 1.7562 3.017] 4.5088 6.1993
10 0.1343| 0.2924 0.630p 1.1083 2.2172 81192 16.60.892 24.60| 35.76
20 0.2948| 0.5079 0.8033 1.21¢3 1.6864 60.31 28.98.622 26.99| 27.20
50 0.1527| 0.400§ 0.625p 0.8626 1.3520 7940 77.10.267 80.85| 78.19
80 0.1247| 0.2720 0.393p 0.5120 0.6530 8320 84.56.978 88.63| 89.46
100 0.0381| 0.1276 0.2815 0.5301 0.7290 87.00 90.80.00| 87.00] 88..87
200 0.1219] 0.2570 0.4696 0.7248 1.0398 83.97 85.83.33| 88.30] 85.13

RESULTS AND DISCUSSION

The results of weight loss with exposure time foldrsteel specimen immersed in 100 ml of 1 N HClhwiaried
concentration of plant extract shows the inhibittorcorrosion. The plot of graph weight loss agaiime (Figure
1), percentage efficiency against time and inhibitoncentration (Figure 2) indicates that as cotreéon of
inhibitor increased the percentage efficiency iases in most cases. In case of adathodavasicectelarmer
concentration also found to be quite protectiveiredacorrosion. The plant extract normally composéd or O
atom containing compounds and results of inhibifammd to be chemisorptions.

The plot of graph % Efficiency against Concentnat{igure 3) supports the chemisorptions. The pfaraph %
Efficiency against time higher concentration ab&@8 ppm inhibits corrosion of mild steel effectiyel

Thus the above plant extract expected to contrilsigaificantly in promoting suitable efficient artonomical
corrosion inhibitor in commercial scale.

Adathodavasica
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Figure 1. The plot of graph weight loss against tie
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Figure 2. The plot of % Efficiency vs time in hrs
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Figure 3. The plot of % Efficiency vs concentrationn ppm

Table 4: Mild steel in 1N HCI at room temperature 80+1° C) with Adathodavasica extract

Concentration (ppm)
hours 0 10 20 50 80 100 200
0 57.5263| 57.5263 57.5268 57.5263 57.5263 57.5263 5263.
24 56.7836| 57.392| 57.231p 57.3736 57.4016 57.4882 084.4
48 | 55.7701| 57.2335 57.0184 57.12%8 57.2343 57.3987 2693.
72 54.5092| 56.8961 56.723 56.9008 57.1333 57.2447 567.0
96 | 53.0205| 56.418 56.31| 56.6637 57.0143 56.9962 56.§01
120 51.327 | 55.3091] 55.8399 56.1743 56.87133 56.7973 866.4

Model Summary

R R Square

Adjusted R Squarg  Std. Error of thenizd

.990 .981 .

976

.363

The independent variable is Weight Measured at(hours).

ANOVA

Sum of Squares

df

Mean Squar

e F

Regression

27.090

1

27.090

205.2¢

Residual

.528

4

.132

Total

27.618

5

The independent variable is Weight Measured at@)our
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Coefficients
Unstandardized Coefficientg Standardized Coeffisie t Si
B Std. Error Beta 9
Weight Measured at(hours -.052 .004 -.990 -14.3p5000
(Constant) 57.933 .263 220.308  .0Q00
Quadratic
Model Summary
R R Square | Adjusted R Squarg  Std. Error of tharizdt
1.000 1.000 1.000 .017
The independent variable is Weight Measured at§)our
ANOVA
Sum of Squares| df| Mean Square F Sig.
Regression 27.617 2 13.809 49315.706  .0pO
Residual .001 3 .000
Total 27.618 5
The independent variable is Weight Measured at@)our
Coefficients
Unstandardized Coefficienty  Standardized Coeffisien t Si
B Std. Error Beta 9
Weight Measured at(hours) -.027 .001 -.517 -45.565.000
Weight Measured at(hours) ** 2 .000 .000 -.493 392. .000
(Constant) 57.537 .015 3793.843 .00
Concentration 0 ppm
O Ohserved
558.00000- —— Linear
— Guadratic
57.000007
56.00000-
55.00000-
5400000
53.000005
52000005
51.00000 T T

0 20 40

I
G0

I
a0

I
100

Weight Measured at(hours)
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Model Summary
R R Square | Adjusted R Square  Std. Error of theriade
.968 .937 .921 .082

The independent variable is Weight Measured at@)our

From the above tables and the graph it is clegtr@uadratic relation better explains the phenonoértecrease in
weight of the metal due to rusting. The quadratigation is given by

Y = 57.537143 - 0.027084X — 0.00024X

Y = weight of the metal at time X.,

-0.027084 is the rate of decrease in the weighoer unit of change in the time x.

-0.00021 is the amount of decrease in the ratdafige. It is clear that weight decreases at arfeste as the time
passes.

Concentration 100 ppm

QO Observed
&7 50000 — Qwadratic

ST 40000

S7.20000

S7.00000— Q

56.830000

5660000 T T T T
u] 20 40 60 80 100 120

Weight Measured at{hours)
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Concentration 0 ppm

Q Observed
58.00000 = Quadratic

5700000

S6.00000

55.00000

5400000

53.00000

52.000007

51.00000 T T T T
[u] 20 40 G0 50 100 120

Weight Measured at(hours)

From the very first graph it is clear that inhibitoncentration 100 ppm is more successful in rieguthe weight
decrease than any other concentration level. Fohduanalysis we take this concentration level. I@ceeding
similarly as above this time we get the quadratigation as follows.

Y = 57.533- 0.000923X— 0.000045X

-0.000923 is less than -0.027084. Therefore ratdeafease in the weight has come down. This isusecaf
inhibitor. Also, amount of decrease in the ratelinge has also come down. This is because -0.8080dss than
-0.00021. This shows that inhibitor really works.

CONCLUSION

Adathodavasica extract is found to be the efficient inhibitor fotild steel at 100 ppm level in 1 N HCI medium.
This study is statistically evaluated and the csiow inhibition is in accordance with quadratic aton.
Adathodavasica extract is non toxic and economical.
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