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Nbstract:

2he effect o٤ N-acetyloxindolylidene -p- chlorophenyl
، ، ٠ (1) ٠.٠• butenolide on the corrosion of zinc in 2M HN05 was studied

by different methads including thermometry, weight loss

ana galvanostatic polarization. The results showed tiat

this substance retards the dissolution of zinc in nitric

acid solution. It was also shown that there is an apparent

agreement between the inhibiting efflciencles concluded
. ٠١٠٠from the different eployed methods. The inhibiting effect

· \
of this substance, most probably, functions through physical

adsorption in accordance with the Langmiur isother.

Introduction:

The importance of the inhibition f ainc corrosion

in acid media was reported previously by Desai,
(2)

et al.

Several other reports &iscussed the inhibition in

electrochemicei energy generators having a reactive zinc
• ٠٠ 3-8] ٠anode, galvanized steel usd in industry' " and zinc metal

itsel٤ in the case of atmospheric pollutioR, (3-8)

0rganic coupounds are widely used as corrosion

inhiض ieor'3.15) Most o٤ these organic inhibitors are
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compounds containing at least one polar functional group,

hav1ng atoms of N, 0, and/or S. In general, the Polar

function is regarded as the reactlon center for establlshmentم 

of ، chemisorption process. These orgenic inhibitors wereم 

٤ used in agueous corrosion of metals such as Re, Al, Cu,

Ni and 2,{9-l5).،hiourea and its derivatives were used to.م 

protect zinc 1n IN Bs01l6,l7) . Also, other workers used

different ammonium derivat1ves to inhibit corrosion of zinc

in IN BCl ana IN H ,so,,'2-8 ج l6-±8) na ج also the ue of

benzotriazole, benzothiazole derivatives and phosphonium

salts in protection of zinc from corrosion in acid
· 19 ،-solutions.'. )

He thought that it: is important and interesting to

study the inhibiting effect of N-acetyloxindolylidene­

p-hlorophenyl butenoliaa1" n ا the corrosion of zinc in

nitric acid solution, since thiE compouna contains functional

corrasion inhibiting polaI 9rouPs, carbonyl and chloride,

and was not tried before as corrosion inhibitor.

The expected to be inhibitor useح '!), N-acetyloxindoly­

ledene-p-chorophenyl butenolide,
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is a reddish black solid, very stable at high teperatures,

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

The ainc used was spectrascopically pure (99.7%).

All chenicals usEd were of A.R. grade. The solutions were

prepared from bidistilled water. 2nc-test pieces meaeuring

2x5 cn were used as electrodes in the weight loss method

and in the theLmometrlc method. The 5urface was mechanically

palished on different grades of emery paper, degreased

with acetone and then washed thoroughly with watar, dried

and then weighed. Corrosion tests

ml beakers in which the specimen was

were carried out in 50

suspended for30 minutes
}

in the test solution. The specimen was then removed, rinsed

with conductivity water and finally dried and weighed.

All corrosion tests were carried out in aerated unstirred

solution5. Each experiment was carried out twice and the

mean of the results was computed.

Temperature changes of the 6ystem involving 2inc

electrode in 2M HN0 solution were followed as a function

of time in absence and presence of different concentratlons

of the inhibitor used. Each experiment was carried out

with a newly polished electrode and with a fresh portion

of the solution.

Galvanostatic anodic polarisation experiments were

 بغ

٤

carried out under unstirred conditions with a fine luggen
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capillary to avoid ohnic ،polarisation٠ Galvanastatic

condition was maintained using a constant current. ainc

elegtrode was used in the fomm of a rod 5mm in diameter.

٨ sAturated calomel electrode and a platlnum electrode
 ن

vE-P, used as

±espectively.

a reference and auxillary electrodes

Inhibition effeciencies were calculated as follows:

a) The calculation for the themometric measurements were
. 20

c±rried out by the Mylius methoa'

RN) free- (RN)in·Inhibition l00 ب متحتا=وتدا٦٤ (٠٠٠٠٠٠٠٠٠ ل(
{RNfree

where RN -Tm ج Ti
t

L-ه٤ C mi'n. ٠٠٠٠٠٠٠٠٠ (2)

where Tm and Ti are the mumذaxه and 1nitial temperatures,

respectively, and t is the tذ me in minutes taken to attain

-T٠

b) Weight loss measurements

Inhibition= (l؟ W x 1 -م)100 ،
(3)

where
 ب

w1 and W are the corrosion rate in absence and

presence a4 a certAin concentratlon o٤ the inhlbltor.

c} Galvanostatic polarisatlon measurements

٢ Inhibition =
1-٤-

1
x 100 ٠٠٠»٠٠٠ (4)

where I and I- are the corrosion currentB in absence and

presence o£ the 1nhibitor respectively.

(45)
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The curves showing the change of temperature with

time for zinc in 2M HNO; were followed in the absenge and

presence o٤ the inhibiao± .(± أ The effect of gradually

increasing the cpncentration of the added inhibitor on

the themmonetric curves ±s shown in =ig. (l).

 م»

These cuves are characterised by a 5harp rise and

finally a decrease, after attaining a maximحu 

slope of the risinو parts of the curves decreases

[a1ue. ahe
ii presence

of the inhibitor. This indicates that the additives act

as general inhibitors and adsorb on both anodic and cathodic
'sites·٠٠21 د ء د ). he rising parts of the curve indicate direct

attack of the corrosive medium, i.e. anodic dissolution

of zinc٠ If these parts _were exactly parallel and with

constant slope, the process would be mainly anodically

controlled.

A plot o٤ 8 reduction 1n RN vs. 10g Cis n ذ factsimilar

to an adsorption ±sotherm, (Fig.2). The curve obtained

is 1nvar1ably siؤ moid in nature, and this behAviouE is

1 $ b1 t b » ٤ 1 a t ٠ (2z)exp a±na e on ne as1s o a s1nge step a sorp 1on process.

This eurve consists 0f an initial ascending portion which

asses to a ±egion of constancy indicating the coipletionض 

of a monolayer of the adsorbate.

(46)
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F1g. (3) shows the variation o٤ the protection

، efflciency, P of z4nc metal aE a function o٤ the

٦ concentration of the 4nhibitor in 2M HN0و Eolution at

.different tempereturesم The protection efficlency P of

٢ the inhibitor was calculatea by the following equation:-

W
1 ءء م٠٦٥٥(1 جم-

(3)

Wy and Wy are the corroslon rates 1n absence andث whereبي 

presence of a certain concentration in the medium,

approach1ng complete protection (64 ( ؟ at 0.0lNof the 1nhbitor.

,P13{و. ) also shows the effect o٤ the concentratlon

o٤ the inhibitor at varlous temperatures on the protection

eff1clency of z±ac. it 1s elear that the ، percentage

inhib1tion 1ncreases with 1ncreas1ng inhibitor concentration.

Jn general, also, it can be seen from R1g. (3) that the

protection effIciency 1ncreases w1th decreasing the

temperature. Rig. (4) shows the variation of the corrosion

٦٤» ي ه

rate ،of ainc 1n 2M BNO; as a function a٤ the concentrat±on

of the used 1nh±bitor at different temperatures. It can

also be observed from P1g. (4) that, at conatant tenperature,

thecorrosion rate decreaaes as the concentratlon of the

tested substance 1ncreases.

١

It ا can be seen that if the inhibitor fuNct4ons via

,٤ adsorption mechanism, 4.e. the degree of coverage is directly

(47)
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proportional to the protection efiiciency, in accordance

with the Languiur isothemm relationship:-

F
Lد g2=ب og [I] + constant.

1-P
(5)

(where [I] is the inhibitor concentration), then thls

relation should result in a straight line with a slope

o٤ unity.

with the

F1g. (5)

Langmiur

shows that

adsorption

such plots are in agreementا -
isothemm. Interaction af

adsorbed species by mutual repulsion or attraction would

cause the slope of the plot to devlate from unity.

It was pointea ou23إ) ) ENat the l0garith of the
٠٠٠corros1on•1 ء rate is a linear function of (Arrhenius

eguation), whereT is the absolute temperature.

B+تمؤه, -=corrosion rate(6) ومن

where Ea is tle apparent activat4on energy, R is the

universal gas contant (l.98 Cal/mole. degree) and B 1s a

constAnt. In Fig. {6) the logarith of the corrosion rates
· . 1 ٠of zinc are plotted as function of (=) in absence and

presence of the studied inhibitor, respectively. From Fig.

{6) the calculated value of the apparent activation ene±gy

is 9.2l Kcal/mole, a value that agrees with that reported

previous1,0±أ ) mThis value is also of the order of the

activation energies encountered for the hydrogen evolution

react±o2م) #) mThis is in accordance with the fact that

(48)
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the hydrogen evalution reactlon in the absence of an

inhibito± is the rate detemining step for the overall

cprrosion reaction. For 1٥-4 to 10-2M inhibitor solutions,

he 'calculated value of the activation energies are -  غ9.67

ana 1l.90 Kcalmole, respectively (Fi6و. ). These aifferences

are not considered to be signiflcant . Therefore, the

presence o٤ the Atudied inhibltor does not affect the

actlyation energy of the corrosion process. These results

indicate that the tested substance does not change the

mechan4sm of the rate-detemining step of the corrosion

process, although it, significantly reduces the rate of

corrosion itself.

Fig. (7) shows the anodic polarisation curves of zinc

in 2M BNDو at different concentrations of the studied

substance at 30%c. The anodic polArisatlon curves shlfted

to mpre pos4tive values as the inhibitor concentration

increases. These results confir the assumptlon that the

aubstance used acts as a powerful type of inhibitor, and

so Affects hydrogen evolution and anodic metal dissolution.

١
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