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Abstraci:

e

he effect of N-acetyloxindolylidene -p- chlorophenyl
{

L q
butenélide on the corrosion of zinc in 2M HNO3 was studied

*

by different methods including thermometry, weight loés
and galvanostatic polarization. The results showed that
this substance retards the dissolution of zinc in nitric
acid solution. It was also shown that there is an apparent
agrecement between the inhibiting effleciencies concluded
from the different employed methods. The inhibi{ing effect

of this substance, most probably, functions through physical

adsorption in accordance with the Langmiur isotherm.

Introduction:

The importance of the inhibition of zinc corrosion
in acid media was reported previously by Desai, et al.(Z’
Sevaral other reports discussed the inhibition in
electrochemical energy generators having a reactive zinc

(3-8) and zine metal
{3-8)

anode, galvanized steel used in industry

itself in the case of atmospheric pollution.

Organic compounds are widely wused as corrosion

inhibitor5(3-15). Most of these organic inhibitors are

&)

-




compounds containing at least one polar functional group,

having atoms

of N,

o,

and/or

S.

In general,

the polar

.. function is regarded as the reactlon center for establishment

sy OT

chemisorption process.

These organic

inhibitozrs

were

4 used in agueous corrosion of metals such as Fe, Al, Cu,

.+ . The expected to be inhibiter used

»'Ni and ang-lS)'Thiourea and its derivatives were used to

protect zinc in IN 32504(16'17) Also, other workers used
different ammonium derivatives to inhibit corrosien of zinc
in IN HC) and IN sto4.[2'8' 16-18) ,n4 also the wuse of
benzotriazole, benzothiazole derivatives and phosphonium
salts in protection of zinc from corrosion in acid
solutions.(lg) =

We thought that it is important and

study the effect

(1)

inhibiting of

p-chlorophenyl butenolide

interesting to

N-acetyloxindolylidene-

on the corrosion of zinc in

nitric acid solution, since this compound contains functional

corrosion inhibiting polar groups,

carbonyl and chloride,

and was not tried before as corrosion inhibitor.

Experimental and Methods of Calculations:

ledene-p-chorophenyl butenolide,

S —=
PN

§
|
C

.
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(l). N-acetyloxindoly-
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is a reddish black solid, very stable at high tempszratures,

chackzd for purity by elemental analysis and I.R. spectra.

The =zinc used was spectroscopically pure (99.7%}.
All chemicals used were of A.R. grade. The solutions were
prepared from bidistilled water. Zinc-itest pieces measuring
2x5 cm® were used as electrodes in the weight loss method
and in the thermometric method. The surface was mechanically
polished on different grades of emery paper, degreased
with acetone and then washed thoroughiy with water, dried
and then weighed. Corrosion tests were carriedl out in 50
ml beakers in which the specimen was suspended fo£i30 minutes
in the test solution. The specimen was then remoJ;d, rinsed
with conductivity water and finally dried and weighed.
All corrosion tests were carried out in aerated unstirred
solutions. EBach experiment was carried out twice and the

mean 0f the results was computed.

Temperature changes of the system involving zinc
electrode in 2M HNQj3 solution were followed as a function
of time in absence and presence of different concentrations
of the inhibiter used. Each experiment was carrxied out
with a newly pclished electrode and with a fresh portion

of the solution.

Galvanostatic anodic polarisation experiments were

carried out under unstirred conditions with a fine luggen

(44)



capillary to avoid ohmic polarisation. Galvanostatic
condition was maintained using a constant current. 2inc
electrode was used in the form of a rod Smm in diameter,
n saturated calomel electrode and a platinum electrode
vigze used as a reference and auxiliary electrodes,
respectively. )

Inhibition effeciencies were calculated as follows:

a) The calculation for the thermometric measurements were

carried out by the Mylius method‘zo)

% Iphibition = (RN) free - (RN)in x 100
(RN)free

ss ad P ewadr (1)
Tm~ Ti

where RN T

°c min. t..oeennn. (2)

where Tm and Ti are the maximum and initial temperatures,
respectively, and t is the time in minutes taken to attain

Tm.

b) Weight loss measurements

. v W2
% Inhibition = (1 - == ) x 100

W ! pooaooonoak (3)

whare W] and Wy are the corrosion rate in absence and

presence of a certain concentraticn of the inhibitor.

c} Galvanostatic polarisation measurements

I-1°

% Inhibition = x 100 000 Uman 00 (4)

where I and I~ are the corrosion currents in absence and

presence of the inhibitor respectively. \

A}
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Results and Discussion:

The curves showing the change of temperature with
time for zinc in 2M EHNO3 were followed in the absence and
presence of the inhibitor{l). The effect of gradually
increasing the concentration eof the added inhibitor on

the thermometric curves is shown in Pig. (1).

) il
*

These curves are characterised by a sharp rise and
fipnally é decrease, after attaining a maximum }yalue. The
slope of the rising parts of the curves decreases £h presence
of the inhibitor. This indicates that the additives act
as general inhibitors and adscorb on both anodic and cathodic

sites(21).

The rising parts of the curve indicate direct
attack of the corresive medium, i.e. anodic dissolution
of zinc. If these parts were exactly parallel and with
constant slope, the process would be mainly anodically

controlled.

A plot of % reduction in RN vs. leg C is in fact similar
to an adsorption isotherm, (Fig. 2). The curve obtained
is invariably sigmoid in nature, and this behaviour is
explainable on the basis of a single step adsorption proéggé.
This curve rconsists of an initial ascending portiom which

passes to a region of constancy indicating the completion

of a monolayer of the adsorbate.

(46)
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Fig. (3) shows the variation of the protection
. efficiency, P of =zinc metal ae a function of the

% concentration of the inhibitor in 2M HNO3 solution at

r @ifferent temperestures. The protection efficiency P of

E]

» the inhibitor was calculated@ by the following equation:-

w2 :
£ PHIOO(l-w—l) (3)

where: )y and Wy axe the corrosion rates in absence and
presence of a certain concentration in the medium,

approaching complete protection (84%) at 0.0lMof the inhibitor.

'Fig. (3) also shows the effect of the concentration
of the inhibitor at various temperatures on the protection
efficiency of =ziac. It 1is clear that the percentage
inhibition increases with increasing inhibitor concentration.
In general, also, it can be seen from PFig. (3] that the
protection efficiency increases with decreasing the
temperature. Pig. (4) shows the variation of the corrosion
rate -of zinc in 2M ENO3 as a function of the concentration
of the used inhibitor at different temperatures. It can
also be observed from Fig. (4) that, at constant temperature,
the, corrosion rate dJdecreases as the concentration of the

tested substance increases.

i

\

i . It can be seen that if the inhibitor functions via

5 adsorption mechanism, i.e. the degree of coverage is directly
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proportional to the protection efficiency, in accordance

with the Langmiur isotherm relationship:~

= L 1] + constant. (5)
1P og [I] constan .

Log

+ (where ([I] is ¢the inhibitor concentraéion), then this
+ relation should result in a straight line with a slépe
of unity. Plg. {5) chows that such plots are in sgreement

» with the Langmiur adsorption isotherm. Interaction of
~ adsorbed species by mutual repulsion or attraction would

cause the slope of the plot to deviate from unity.

It was pointed out{?3)  ¢hat the logarithm of the

corrosion rate is a linear function of -% {Arrhenius
equation), where T is the absolute temperature.
. - Ea
Log corrosion rate = - + B {(6)

(RT)

where Ba 1is the apparent activation energy, R is the
universal gas contant (1.98 Cal/mole. degree} and B is a
constant. In Fig. {6) the logarithm of the corrosion rates
of zinc are plotted as function of (‘% }) in absence and
presence of the studied inhibitor, respectively. From Fig.
- (6) the calculated valve of the apparent activation energy
is 9.21 Kcal/mole, 2 value that agrees with that reported

(10 nis value is also of the order of the

previously
» activation energies encountered for the hydrogen evolution

. reaction(zjr). This is in accordance with the fact that

(48)




the hydrogen evolution reaction in the absence of an
inhibitor is the rate determining step for the overall
corrosion reaction. Por 104 to 10-2M inhibitor solutions,
the calculated wvalue of the activation energies are - 9.67
and 11.98 Rcal/mole, respectively (Pig. 6). These differences
are not considered to be significant . Therefore, the
presence of the atudi;ed inhibitor does not affect the
activation energy of the corrosion process. These results
indicate that the tested substance does not change the
mechaniem of the rate-determining step of the corrosion
process, although it, significantly, reduces the rate of

corrosion itself.

Fig. (7) shows the anodic polarisation curves of zinc
in 2 HNO3 at different concentrations of the studied
substance at 230°C. The anodic polarisation curves shifted
to mbre positive wvalues as the inhibitor concentration
increases. These results confirm the assumption that the
substance used acts as a powerful type of inhibitor, and

so affects hydrogen evolution and anodic metal dissolution.

(49)




ig)

!9\

(xe)

{il1)

REPERENCES

A.M4. El-Abbacdy, M.A. Omara and N.G. Kandite Rev-Roumaine
¥.¥. Desai, 8,5. Rana, M.H, Gandhi, BAnti-Corr. Met,

C. Gardner, Corrcsion Inhibitors, Nace, Houston:, Texras,
756 (19273},

C. Drotschmann. Torrosion 19, 156 (1965},

G.W. Malter, Corros. Sci. 1§, 573 {1976}.

A.A. El Hosary, A.M. Shams El Din, Corres. Sci. 12,
897 (15%72).

V.V. Batrakov, A.I. Sionin, Elecktrokhimiya 3, 122
(1972).

¥. Subramanyan, K. Ramakrishaiah, Proc. 14%h sgem.
Flectrochem. Nov. (1973), Kara, Kudi, Imdia.

G. Trabenelli and V. Carossitti, Advances in corresion
science and Technology (Eds. M.G. Fontana -and R.W,

jtaehle), Vol. 1, p. 147, Plenum Press, New York (1970;.
M.N. Desai, B.C. Thaber, Chhaya, P.M. and M.H. Gandhi,

Corrosion Sci., 19, 9 (1979).

R.R. Annand, R.M. Hurd and N. Hackerman, J. Electrochem.

Soc., 112, 138, 144 (1865}.

G.W. Poling, Corrosioen Sei., 10, 359 (1970).

(50)




. (13)

(14}

(15),

(16)
(17}
{18)
{19)
(20)

(21)

(22)

(23)

- (24)

- 10 -

P.G. Fox and P.A. Bradely, Corrosion Sci., 20, 643

(1980).

Abo El-Khair, Corrosion Prevention and Control, 30,

15(1), 14(6), B.A. (1983).

R.M. Abk4d El Gulil and A.A. Abd El Fattah, Corrosien

prevention & Control 34 (5), 149 (1987).

W. Machu, V.K. Gouda, Werks. Korr. 13, 745 (1962).

L.I. Antropov et al., 2Zasch. Metal. 6, 440 (1970).
L.I. Antropov et al., Zasch. Metal. 7, 700 (1971).

R.L. Leroy, Corrosion 34, %8 (1978).

F. Mylius & Z. Metabk, 14, 233 (1972).

Taha Pim A.M. Shallapy, K.M. Ibrahium, S.A. Abdel-

Maksoud. Bull. Soc. Chim. Fr. 5, 591 (15989).

H.M. Abu El-Nader, M.R. Mostafa & G.M. Abu El-Reash,

Bull Soc., Chim. Fr. 3, 162 (1988).

I.N. Putilova, S.A. BRalezin and V.P. Brannik, Melablic

Corrosien inhibitors, Pergamon Press, Oxford (1960}.

B.E. Cconway, Electrochemical Data, Elsevier, Ny, P.

347 (1957).

(51)

i
.




° a Pure acid -
80 b b 0.0001M
4 5 c 0.0002M
d 0001 M
€ e 0002 M
™ { f 0.005 M
g g 0.01 M
601
(3
E
=
-
s S0
E
@
'—
40
3o
10 20 20 40 50
Time/ min.

Fig.( 1 ) : Eifect of addition of the used substance on
the thermometric behaviour of Zn inZM HNO,
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Fig.( 2 ): Percent variation of RN with concentration
of the used substance .
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Fig.{ 3 ): Effect ot concentration of inhibitor on the

protection efficiency of Zn in 2M HNDjat
various tenperalures,
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Fig.(4): Effect of the concentration of

tnhibitor on the corrosion rate
of Zn in 2M HN03 at different
temperatures.
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Fig.{ 5 ): Plot of Log-if-ﬁvs. log concentration of

inhibitor for Zn in 2M HNOjat different
temperatres.
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concentrations of substance!!}
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Fig.l 6 }:Arrhenius plot of the corrosion rate of Zn in 2M
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