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ABSTRACT

Corrosion behaviour of mild steel in 0. 1M/HCY,
OIM/H50, and 3.5% NaCl solution jree from
andd containing varving concentrations of tobacco
extract was stucied by the fundamental weicht
foss  measurement.  The  electric top  loading
halance was used 1o take the weicht of mild steel
sample a1 24hours interval  progressively  for
[108hours at room temperature and in stagnant
condition. Resuits obiamed indicares thai  the
fobacco extract ar maximum concentration (505 )
reduced the rate of corrosion of mild steel in
O IM/HC! and O.AM/H-S0,; while the inhibitor
concentration of 35% average gave compiete
protection against corroston of mild steel in
3.5%Nacl. It is concluded thar tobacco extract in
the range 20%-50% is capuable of reducing/or
eliminating corrosion of mild steel in acidic and
salty environments.
Inhibitive corrosion

effect,

behaviour, Tobacco extract, mild steel, inhibitor
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i.0 ENTRODUCTION
Corrosion occurs in different forms in metallic
structure such as in the construction industries.

industrial process equipment and allied industries

Mild steel which accounts for a great deal of
metalhc material in these industries is susceptible
to various forms of corrosion such as pitting
cofroston,  uniform  corrosion,  intergranular
corrosion. stress corrosion cracking and fatigue

corrosion'™,

Corrosion 1n “local™ perspective represents a loss
in production time due to plant/equipment failure,

resultant likely fatl accident to  the

and

person

(3]

involved manpower loss In a global

perspective it represents a tremendous economic

loss and much has to be done to combat it ™,

Many current corrosion control measure use
coatings, conversion layers, material selection,

design, cathodic  protection. inhibition  and
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environment alterations  among  other  control
measures.,

Corrosion  nhibition  1s of  great  practical
importance.  being  extensively  emploved m
minimizing  metallic  wastage . engineering

materials i service.  The corrosion inhibition
process 1s a surfuce mechanism, which mvolves
the adsorption of organic compound on metal

~ . . ¢ =
surface, thereby reducing the rate of corrosion '

The mfluence of synthetic orgamc compounds as
inhibitor on corrosion of mild steel 1n acid media
and salt solution has been severally invesugated
HAT S However. studies on the use of natural
producis as inhibitors for mild steel in acid media
and salt solution are somewhat rare. Extracts from
different parts of plants consists of a mixture of

The

; . (b}
various  naturdd organic  compounds

mixiure of vartous natural organic compounds
does possess are no doubts about the synergistic
effect on the corrosion processes of metals ' It
is theretore suffice to attempt to evaluate the
inhibitive tendency of a certain plant extract on
the corrosion of metals i some media. Thus, the
inhibitive tendency of tobacco extract on the
corrosion behaviour of mild steel in two acidic
(HC1 & H-S04) and salt environment (NaCl) was
investigated in this work.

It has been reported that tobacco  (nicotiana
ruslica)“II contains more than 2,700 different

compounds with relatively large concentration of

carboxylic acids.  polyphenols. terpenes  and
amines. Many of these chemicals can be electro-
chemically active and could possibly function as
(12139

metal corroston mhibitor

This research work therefore centrally seeks to
determine the potency of nicotiana rustica as a
possible natural organic inhibitor in the corrosion
process of mild steel in acidic and saity media. It
cqually evaluated the refative concentration of the
that could measurable  corrosion

inhibitor give

retardation 1n the different media considered.

2.0

2.1

METHODOLOGY

Test Materials Sourcing & Material
Preparation

The mild steel sampie used for this study was
obtained and anatyzed st the Grand Foundry
Nigeria Limited. Tkeja. Nigeria in the torm of sieel
rod'

Test specimens in the form of rod with

diameter 8mm and length 20mm were machined

from the parent mild steel rod. A 3mm hole was
drilled on one end of the specimen for suspension
in the corrodant and mhibitor mix. The samples
surfauces were ground with different grades of
emery paper to 120 gnt finish. degreased by
washing in acetone. dried and weighed on an
electric top loading balance. The test specimens
were  subsequently placed in a desiccator 1o
prevent atmospheric COrrosion before
experimentation. The composition of the mild

steel specimen was determined through atomic

ey
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absorption. The mild steel specimen composition

spectroscopy is given in Table 1:

2.1.2  Corrodant and Inhibitor Preparation

The corrosion media were prepared by mixing
distilled water and concentrated acid solutions and
sodium chloride 1n the correct proportions to
produce 0.IM HCL 0.1M H-.SO, and 3.5% NaCl

solution respectively.

Fresh tobacco leaves obtained from the bush were
allowed to dry naturally in the sun.  The dried

leaves were crushed, stewed with water and
soaked in the water for 24 hours. The residue was
filtered and the filtrate evaporated leaving behind
a brown powder.

corrosion  media

The reagents for the

commercially produced.
203 Apparatus Set Up

Fhe apparatus used for the experiment was set up
as indicated in Figure | The container were
washed with detergent. rinsed in distiiled water
Inhibitor solutions of

and dried moa warm oven.

with  corrodants  were

and

known concentrations

imtroduced  together mto the  containers

specimen suspended in such a way that they were

completely immersed in the solution.

2.2 Experimental Method
The  specimen  was  subjected o atomic
spectroscopy to deternmine  the  elemental

constitution of the mild steel sample. The result of

the spark test is given in Tablel.

The total geometric surface area of the specimens
exposed was 6.033¢m” and the average weight of
the samples before suspension was 8.50gm. The
samples were suspended through the holes drilled
in one of its ends. Three 250ml plastic containers
which separately contained 100m! of 0.1M HCI,
O 1IM H-Soy and 3.3% NuaCl were maintained at
room temperature and m stagnant position, This
represents the uninhibited experiment as well as

the control experiment.

Previously weighed mild steel specimens were

cach  suspended  m cach  plastic - container

containing  the umuohibited  solutions. The

spectmens  of  the  control  expenment  were

retrieved from thetr corrodant at 24 hours interval

progressively for 168 hours (Tdays). They were

1

Hed water and properly cieaned in

acerene (o remove any corrosicn product on thei
surface, The sampies were dred and weighed.
The weight loss was calculated m gramme as the
difference between the initial weight prior to
suspension and the weight after removal of the
corrosion products. Each reading recorded was an
average of two readings recorded to the nearest
0.0001g on a digital electric top loading balance.

The experiments  were  repeated  with the

introduction of five different concentrations ( 10%

to 509%) of the inhibitor separately m five plastic
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containers containing  100ml  of 0.IM  HCI
solution. Previously weighed specimens were then
suspended in the corrodant inhibitor mix. Each
sample was retrieved from the solution at 24 hours
interval progressively for 168 hours (7 days). The
difference in weight of the samples was taken as
the weight loss.  The above procedure was

repeated for 0.1M H-50, solution and 3.5% NaCl

solution.

I'he inhibition efficiency at each concentration of
inhiibitor used was calculated using the equation

proposed by Larabi and Harek i,

Inhibition efficiency = 100 x (Cry = Cr) (1)
Cry

Where | = Inhibition efficiency

('t = corrosion rate of uninhibited samples

Cry= corrosion rate of inhibited samples

The comosion rate was determined using  th

equation preposed by Larabt and Harek ™ winch

iv essentialiv # condensation of the formuia

T tidh
proposed by Fontana

(R )

Weight Loss (mg}

.
/

Total surface area of exposure X
T ——
Fotal time of exposure

= Corrosion Rate (Ciy = WL

Xat
Where WL = Weight loss in mg
2 = Density of material g/em’

¢+ = Total Surface Area of Exposure (¢cm”)

t = Total Time of Exposure (hr)
4.0 Discussion of Result

The result of the spark test given in Table |1
revealed that the mild steel sample is 0.2C hypo-
cutectoid plain carbon steel with traces of other
clements residued from metal extraction process.
Their levels are insignificant to influence any
change in the chemistry of the mild steel in the

various corrosion media.

Figure 2 shows the weight loss versus exposuare
time for mild steel suspended in 0.1M H-50); free
from and containing varying concentrations of
tobacco extract. It could be observed from the
figure that all the samples showed sigmficant
weight loss irrespective of whether they were
inhibited or not. This supports the findings of
Fadayomi B3 (hat corrosion inhibitors may not
totally stop corrosion but increase the ume for the
onset of corroston and reduce s eventual rawe
The figure also indicates that the uninhibited
specimen (R~} has the highest corrosion rate. This
may be atributed 1o the refanve concentration of
the unmmhibited acid soluton with hrgh volume of
sulphate 1ons in i which s known to be an active
agent of corrosion. This ion continually breaks
down the protective corrosion product on the stecl
and expose it to further corrosion hence the higher
weight Toss of the uminhibited test sample through
out the exposure period The Figure aiso
showed that the more the concentration ol the

mhibitor in the acid solutions the lesser the rate of
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corrostion  which 1s in agreement  with  the
% o = = 121 . o
submission  of Evans'""! that the inhibiton

efficiency of organic substances are known to be
related to inhibition concentration among other

factors.

Figure 3 shows the plot of weight losses versus
exposure time for mild steel suspended in (0.1M
HCl  free from and containing  varying
concentration of tobacco extract. Expectedly the
uninhibited sample (R;) had the highest corrosion
rate while the inhibited samples had much lower
corrosion rate with respect to the increase in
concentration of inhibitor. Comparison of Figures
2 and 3, revealed that corrosion is more
suppressed i HCI solution than H,SO, solution.
This may be due to the ability of the inhibitor to
either slow the cathodic reaction or selectively
precipitate on cathodic sttes to merease the surface
impedance and limit the diffusion of reducible

species in HCT solution than in H-SO; solution

Thus, the effects of the inhibitor irrespective of

the concentration are more effective in HCI then

in H.SO; solution !

Figure 4 1s a plot of weight loss versus exposure

time for mild steel immersed in 3.5% Nacl

medium. The uninhibited sample (Rs) shows

relauve  high  corrosion rate  throughout the

exposure period.  The high concentration of

chloride 1on 1n this medium could have been

responsible for the continuous breakdown of the

otherwise protective film on the stee! within the

medium. The sample inhibited with 10% inhibitor
concentration (S1) showed weight loss throughout
the exposure time while other samples inhibited
with 20% - 509 inhibitor concentration showed
no weight loss throughout the exposure period,
thus producing excellent inhibitive property on the
steel m this medium.  This may be attributed to
the ability of the inhibitor at higher concentrations
to cause a large anodic shift of the corrosion
surface  into

the metallic

5 . 9
passivation l'angcl 1,

potential.  forcing

The relationship between inhibition efficiency
versus inhibition concentration of tobacco extract
in 0.IM HCL 0.1M H>SO; and 3.5% NaCl is

shown in Figure 5. The Figure confirmed that the

inhibition efficiency of the inhibitor is highest in
the 3.5% Nucl solution as discussed previously.

The  Frgure  equally  showed  that inhibition

efficiencies in HOU and  H-SO, solution  are

dependent on the inhibition concentration and that
the maximum attainable efticiency i 0 1M HC

and O.IM LSO, s in the range SO-60% o

inhibitor concentration of 507 wbacco extruct

(nicotiana rustica).
5.0  CONCLUSION

The present study has established that tobacco
extract (mcotiana rustica) does not completely
stop corrosion of mild steel in acidic media but at
high  concentrations,  the inhibitive  strength
becomes significant. However. it effect is greatly

noticed i the 3.5% NaC'l solution.
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it is concluded that an average inhibitor
concentration of 35% tobacco extract can give
complete - protection against. Corroston of mild
steel v 3.5% NuaC) solution. The work revealed
that the inhibiton etficiency of tobacco extract on
corrosion of mild steel is in the order 3.5% NaCl
>0.1M H-80, > 0.1 M HCL.

60 ACKNOWLEDGEMENT

The authors acknowledge the assistance of the
Muanagement of Grand Foundry Nigeria Limited.
tkeja, Lagos. Nieeria for providing the mild steel

used for ihis study. The assistance offered by staff

of the  Science  Laboratory  Technology

Department.  Federat  Polytechnie,  Ado-Ekiu,

Nigeria is equally acknowledged.

74 REFERENCES

i Abiola OK and Oforka N.C. {2002y
Inlubttion of corrosion of mild steel
Hydrochloric Acid. Journal of Corrosion
Science and Engineering, Vol. 3 paper 21,

2 Afolab A5, (2005); Eftects of Chemical
Inhibiting  Admixtures  on  Corrosion
Protection of Mild Steel Remforced
Concrete in a Chloride Environment.
International ~ Research  Journal  In

Engineering.  Science and  Technology

(IREJEST) Vol. 2, No. | pp 156 - 160.

15

LA

Albert G.GG and Hren J.J (1974): Elements

of Physical Metallurgy 2"  Edition,

Pergamon. Oxford.

M.O.H..
0.0.

Lawal G, L
(20006):

Amuda, and

Soremekun Inhibitive
Strength of some organic compounds on
the Corrosion Behaviour of Mild Steel in
cassava fluid. (Sent for Publication in the
West Journal

Trindad & Tobago).

tndian of Engineering.

Avner S H. (1974). The Introduction to
Physical Metallurgy 2™ Edition. McGraw

Hill Inc. New York.

Attar M.M. and Scantlebury T8 (1997):
Polyaniline as Possible Inhibitor for the
Corrosion of  Mild  Steel.  Journal of
Corrosion Science and Engmeering, Vol 1,

Paper §.

Lurabi L. and Harek. Y. e]fﬂ}j‘:): Corrosion
Inhibition of Mild Steel in 1 Mol Dm
HCI by Oxalic N - Phentihydrazide N-
Phentyithfosemicarbazide. K. Industria.

Vol. 52, No. 2, pp. 55-61.

Trethewey K.R. uand Chambertain T,
(1995):  Corrosion  for  Science  and
Engineering, 2™ Edition, McGraw-Hill,
New York.




NSE TECHNICAL TRANSACTION Vol. 41, No. 4 Oct. — Dec. 2006

Lawal, Amuda & Fasuba

10,

WBw corrosion-doctors.org/inhibitors.

Gills LS. (1989): African Medicinal Plant.

University of Benin Press.

Irvine F.R. (1963); West Africa Botany:
2" Edition.  Oxford University  Press,

London.

Evans U.R. (1977): The Corrosion and
Oxidation of Metals: Scientific Principles
and Practical Apphcation. Edward Arnold

Publisher. London

Fadayomi J. (1997) Corrosion Inhibitors.

Concrete 31.8.
Fontana, M. G. (1986):  Corrosion

Engineering. 3™ Edition, Mc-Graw Hill

Book Company New York.

16



i NSE TECHNICAL TRANSACTION Vol. 41, No. 4 Oct. = Dec. 2006 Lawal, Amuda & Fasuba

Tuble 12 Elemental Constitution of Mild Steel Sample (AAS)

Element |  C [ Si | Ma | Cr | Ni s T R ]
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Fig. §: inhibition Efficiency Vs Inhibition Concentration of
Tobacco extract in 0.1M H,SO,. 0.1M HCI and 3.5% NaCl
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APPENDIX 1

SAMPLES IN HCL SOLUTION

R, Sample in 0. 1MHcl Uninhibited

A Sample in 0.1MHcl containing 10% inhibitor concentration
A,  Sample 0.1MHcl containing 20% inhibitor concentration
Aq Sample 0.1MHcl containing 30% inhibitor concentration
Ay Sample in 0.1MHcl containing 40% inhibitor concentration

As  Sample in 0.1MHcl containing 50% inhibitor concentration

SAMPLES IN H3804 SOLUTION
R> Sample in 0. lMHgSO.;l Uninhibited

B, Sample in 0.1MH,SO, containing 10% inhibitor concentration
B,  Sample in 0.IMH,SO, containing 20% inhibitor concentration
B;  Sample in 0.IMH,SO, containing 30% inhibitor concentration
B, Sample in 0.IMH,SO, containing 40% inhibitor concentration -

Bs Sample in 0. IM}-IJSO; containing 50% inhibitor concentration

SAMPLES IN SALT SOLUTION

R, Sample suspended in 3.5% Nacl  Uninhibited

S Sample immersed in 3.5% Nacl containing 10% inhibitor concentration
S, Sample in 3.5% Nacl containing 20% inhibitor Conccntrafion

S;  Sample in 3.5% Nacl containing 30% inhibitor concentration

Sy Sample in 3.5% Nacl containing 40% inhibitor concentration

Ss Sample in 3.5% Nacl containing 50% inhibitor concentration
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