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Abstract

The corrosion of zinc in sulphuric acid containing differemsubstituted anilinéN-salicylidenes has been studied with respect to inhibitor
and acid concentration, period of exposure and temperature. 99% inhibitor efficiencies have been observed. It appears that the salicylidel
part of the inhibitor including the iminic group in the molecule plays a dominant role in the inhibition. As far as the effect of exposure period
and temperature is concern@dCNS has turned out to be the best one. For all the five inhibitors, the heats of adsorption and free energies
of adsorption are negative, while the entropies of adsorption are positive. The free energies of adsorption are more negative in the case
very good inhibitors likenr-TNS andm-CNS, indicating a strong interaction of the inhibitor molecules with the metal surface. The activation
energies in the presence of these inhibitors are higher than that in plain acid. The adsorption of these inhibitors follows Langmuir adsorptior
isotherm. The conjoint effect of external cathodic current and the inhibitor is observed to be either synergistic or additive. Galvanostatic
polarization studies indicate that these are mixed type inhibitors with predominant action on the local cathodes. Mechanism of the action o
inhibitors has been provided.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction the corrosion inhibition of zinc in phosphoric a¢®]. Some
Schiff bases have been reported earlier for copp@}; alu-

Zinc is highly susceptible to attack by acids. Hence for minium[11] and aluminium alloy 310211a]. Many of the
scale removal and cleaning of zinc surfaces with acidic solu- commercial inhibitor formulations for acid solutions include
tions, it becomes necessary to use inhibitors. In modern in- aldehydes and aming$2]. Desai et al[13] report that the
dustry acids are used for the chemical cleaning of metals andinhibition efficiency of Schiff bases is much more than that
alloys. Thus, to have inhibitors of the corrosion of these met- of corresponding amines and aldehydes. This may be due
als and alloys in acid solutions is not only beneficial but also to the presence 6fCH=N— group in the molecule. In ear-
at times indispensable. With this aim in mind the influence lier work the inhibition of corrosion of zinc in sulphuric acid
exerted by some Schiff bases on the corrosion rate of zincby Schiff bases of ethylenediamifg4], ortho-substituted
in 0.25M and 0.5 M sulphuric acid has been studied. Previ- anilineN-salicylidenes[15] and ortho-, meta and para
ously studied inhibitors for zinc in acids include alkalojtls aminophenoN-salicylideneg15a] has been reported. In the
thioured?2], benzene-thiols and related derivatij@&simida- present work the corrosion of zinc in sulphuric acid contain-
zole azo derivativeRl], quinoline derivative§5], quaternary ing differentm-substituted anilinéN-salicylidenes has been
salts of pyridine bas€$], benzaldehyde and its derivatives reported. Due to the presence of an imir€H=N—) group
[7], and Schiff bases of chloroanilines and toluidif@sLin and conjugated double bonds, these should function as good
et al. have studied the effect of 2-mercapto-benzimidazole oninhibitors.

The effect of inhibitor concentration, exposure period,
* Corresponding author. Fax: +91 79 23213036. temperature, and externally applied cathodic current on the
E-mail addressmndesai23@yahoo.com (N.K. Shah). behaviour of these inhibitors has been investigated.
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2. Methodology The potential was measured against a saturated calomel ref-
erence electrode (SCE). Galvanostatic polarisation data were
The Schiff bases were synthesized as per the proce-obtained with Wenking Potentioscan POS 73. In these ex-
dure described by Jaeg§t6]. All the five Schiff bases,  periments, the current density was varied in the range of
namely, anilineN-salicylidene, ANS, (mp., 505C; reg- 1.62x 1073 to 32.5x 103 Acm~2. For cathodic protec-
istry number, 779-84-0Ohp+-toluideneN-salicylidenem-TNS, tion studies, it was varied in the range 0.01624 Adnto
(mp., 39.5°C; registry number, 952-81-8jn-anisidineN- 3.492 Adnt2.
salicylidenem-AnNS, (mp., 60 C; registry number, 889-29-
2), mchloroanilineN-salicylidenem-CNS, (mp 95C; reg-
istry number, 886-32-8) ana-aminophenoN-salicylidene 5. Effect of inhibitor concentration
mM-APNS, (mp., 128C; registry number, 26213-36-5) are
yellow crystalline products insoluble in water but soluble in To study the effect of inhibitor concentration on inhibitive
ethanol. ANS has been used as an inhibitor for sft€] efficiency, weight losses were determined at35n 0.25 M
and aluminium-56318-20]in hydrochloric acidm-TNS, and 0.5 M sulphuric acid containing 0.1-1.0% inhibitor for
m-ANNS, m-CNS andn-APNS are all being reported forthe  an immersion period of 30 min. The results givermable 1
first time as corrosion inhibitors. The general structure of shows that a specimen of zinc suffers a weight loss of
these inhibitors may be represented by: 8770 mg dn?in 0.25 M and 22977 mg dn? in 0.5 M unin-
' hibited acid. In inhibited acid, the inhibitor efficiencies were

H R
@—Cl=N@ found to increase with inhibitor concentration:CNS and

oll mAPNS at lower copcentrations accelerate.the co_rro;ic?n but
where R=H in ANS; R'=CHy in mTNS; R=0CH in 2 higher concentrations (>0.3%) they function as inhibitors.
M-ANNS: R =Clin mCNS: and R= OH in m-APNS. T L_Js_gt anin _|b|to_r concentration of 0.5%in Q.25 M acid the
inhibitive efficiencies were found to increase in the order:
APNS (99.0%) €m-TNS (99.6%) <m-AnNNS (99.7%) < ANS
) _ (99.8%) <m-CNS (99.9%).
3. Preparation of specimens In 0.5M acid also the inhibitors were quite effective and
. o _ the order of increase in efficiency was found to Ipe:
Rectangular specimens of electrolytic zinc, of size cng (96.0%) <n-APNS (98.4%) <n-AnNS (99.8%) <m-
3cmx 3cm (thickness 28 SWG), with a small hole-a® mm TNS (99.9%) <n-ANS (99.9%).
diameter just near one end of the specimen were used for \yhen plots of log versus loCinn (Freundlich) and plots
the determination of the corrosion rate. The specimens weregf g versus loCinn (Temkin) were drawn, they did not
polished using successively ‘0’ to ‘0000" Oakey emery pa- gpey the above two isotherms. However, when the plots
per. The final polishing was done using jewellers rouge, of |og6/1 — 6 versus logCinn (inhibitor concentration) were
which gave a mirror-like finish. The specimens were fi- grawn ig. 1), straight lines were obtained, indicating that

nally de-greas'ed by A.R. carbon tetrachloride (sulphur free). e adsorption of the inhibitors takes place following Lang-
The test specimens were exposed to 0.25M and 0.5M sul-yuir adsorption isotherf21]:

phuric acid solutions, containing controlled additions of

various Schiff bases in the range of 0-1.0%. One speci- Cinh = o

men only was suspended by a Pyrex glass hook in each K(1-0)

beaker containing 230 ml of the test solution which was \yhereq is the inhibitor efficiency.

open to the air at 3%0.5°C (unless otherwise specified) From the results it appears that the presence of various sub-

to the same depth of about 1.5cm below the surface of the gtjtyent groups in thevposition do not have much significant

liquid. effect on the inhibitive efficiency and that the salicylidene part
of the inhibitor including the iminic group in the molecule
plays a dominant role in conferring the inhibition.

@)

4. Polarisation measurements

For polarisation studies, metal coupons of circular design, 6. Effect of exposure period
diameter 2.802 cm with a handle 3cm long and 0.5 cm wide
were used. The handle and the back of the coupon and of The effect of exposure period on the inhibitive efficiency
the auxiliary platinum electrode were coated with Perspex of different inhibitors was studied at 3& in 0.25M and
leaving only the circular portion of the specimen exposed 0.5M sulphuric acid containing 1.0% (0.5% in the case of
of apparent surface area, 6.156°cifihe solution, 80mlin  ANS andm-APNS) of inhibitor. The results given ifable 2
each limb, was contained in a H-type Pyrex glass cell with show that as the exposure period is increased from 30 to
the Luggin capillary as near to the electrode surface as possi-180 min the loss in weight of zinc in plain acid increases
ble and a porous partition to separate the two compartmentsfrom 8770 mg dm? to 17791 mgdm? in 0.25M and from
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