Univ. Coll. Ann. Rev.
vol 17 (1992)}.

Protection of Nickel Metal by Vinyl Polymer
In Nitric Acid
Omyma R. Khalifa

Chemistry Department, University College for Women

Ain Shams University, Bgypt.

ABSTRACT

The effect of polyvinylpyrrolidone as a protective substance
on the corrosion on nickel metal in 4M HNO3 solution has been
studied at differant temperatures ranging from 30°C to 80°C. The
weight- loss technigue showed that polyvinylpyrrolidone impart a
significant protecting effect on the corrosion rate of nickel me-
tal. The protection efficiency in the presence of this polymer
reached about 82% at 0.1M inhibitor concentration. The results
of the apparent activatin energies in absence and in presence
of the inhibitor suggest that polyvinylpyrrolideone does not ch-
ange the mechanism of the rate determining step of the corrosion
process. the results are enalyzed in terms of the formation of a
protective £ilm on the metal suriface.

INTRODUCTION

There now exists a large volume of literature on the use of
organic compounds containing nitrogen, oxygen and/or sulphur fun-
ctional groups, acting as inhibitors Helmutley, Walter and steng-
er (1952) for the aguecus corrcsion of metals such as Fe, Al, Cu and Hi
Annand, Hurd and Hackerman (1965) Trabenelli and Carossitti (1970)
Poling (1970) Desai, Thaber, Chhaya and Gandhi (1879), Fox and Br-
adely (1980), Abo El-Khair (1983) and Abdel Gulil and Bl Fattah (1987).
The inhibitive power of these organic corrcsion inhibitors has
been interpreted in terms of many differnt factors, includling
their molecular structures, molecular area and molecular weights,

It was cobserved that the inhibition effectiveness of poly-
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amines and ethanolamine for the corrosion of Al functions mainly by
adsorption and their neutralizing effect has a secandary role in
inhibition Desai, Tnabir, Chhaya and Gandhi(1979). The acid corros-
ion inhibition of steel in presence of polyvinylpyridine polymer is
due to multicentre adsorption of the polymer at several points on

the milecule Annand, Hurd and Haskerman {1965). “Tne inhibitar ac

tion of bsnzotriazole (BTA) on Cu in acidic solution is due to the
formatien of polymeric Cu BTA complex, which is more than a nono-
layer,. on the surface poaling (1970) . Tpis film inhibits the cath-

odic hydrogen evolution reaction much more efiectively than 4the ox-

ygen rteduction .

In this work, the application of polyvinylpyrrolidone of average
malesular weight of 40,000 (PVR!4)) ac an inhibitor for the acid x
corrousion of Ni was investigated . The effect of (PVP 40} on the
inhibiting effeciency, cdrrosion rate and apparent activation ener-

gy of Fi corrosion 3in 4M {ENO, was studied, Tne results were analy-

3
zed with a wview tc determine the ilnnibiting ogower of PVP at various
.temperatures and concentrations and to elucidate the wechanism of
its inhibitive action . r o
EXCEREMENTAL :

Tne Nickel used was spectroscopically pure (99,98%). Weight loss
was measured on sheeta of 9 cmz apparent surface area, These sheets
were precleanq by degreasing in methanol, dipping in concentrated
Ha‘lo3 and washing. The procedure was repeated several times before
weighing and immersing in the corrosive medium. Tne corrosicn rate
was calculated from Wweight - loss on the basis of the apparent sur-
face area, The immersion time at different temperatures snd conce-
ntrations was 30 minutes in all experiments, the averages from four

specimens were taken at each concentration each with a fresh elect-
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rode surface anid batch of electrolyte. Tne results were gquite repro-

ducible.

The polyvinylpyrrolidone (PVP) of molecular weight 40,000 was .

of the highest purity available. Various concentraticn of polyvi-

4 1

nylpyrrolidone (PVP) ranging from 10 = to 10°~ M were used in 4M

HNO, solution . The solutions were prepared from bidistilled water,

3
and the temperature was adjusted to + 0.1°%c.

The effect of polyvinylpyrrolidone on the potential of Ni ele-

ctrode in 4M HNO, was investigated at room temperature .

RESULTS ANWD DISCUSSIOH :

The protection efficiency, p, of the inhibitor was calculated
by eguation (1) :

p= 100 ( 1- Y2
0 wl

where ¥y and w, are the corrosion rates in absence and in presence

s SRR e s rrrEn s e et 1)

of a certain concentration of inhibitor. Fig.(l) whows the variat-
i1on of the protection efficiency P, of Ni metal as a function of the
concentration of polyvinylpyrrolidone in 4M HHO, solution at differ-
ent tempsratures . As seen the percent inhibition increases with '
the increase of polyvinylpyrrolidone concentration in the meéium,

appreaching complete protection (B2¥%) at 0.1M . It is also clear

that the protection efficiency increases with decreasing temperature.

The variation of corrosion rate of Ni in 4M HN03 as a function
of the contentration of inhibitor at differen; temperatures is showWn
in Fig(2) . It was observed that, at constant. temperature, the corr-
osion rate decreases as the concentration of pslyvinylpyrrolidone

increases .
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It is well knewn that if the inhibitor function via an adsorp-
tion mechaunlsm,_i.e., the degree of coverage eguals the protection
efficiency, the Langmuir isotherm relationship :

Log P/(l—p) = log (1) + conStant ....c.eusesese-(2)

where (1) is the inhibitor concentration, should be a straicht 1li-
ne @ith a slope of unity. Tnis relation is seen in Fig(3) , in v
which ejuation (2) is not confirmed,Tnus it can bz suggested that
the protection imparted by pslyvinylpyrrolidone agrees with the

film formatlon Putilova, Balezin and Brannik (1960) where inhibi-~

tion is due te the formation of a protective filp on the metal surfacs,.

The Jdiffusion of metal ions +through this film becomes the rate deter-
mining steg:. These results are in agreeaent with the previous resultis
reported for the inhibition of i corrosion by triphenvltetrazoluim
chloride (TTC) Abd El-Gulil and Abd-El-Fattah (1987). Fig(4a)} shows an
Arrheniaus polt of the corrosion process of Ni in 4H HNOB(uaing Arrh-

enius) eguation (3) .
log corrosion rate = ~B /R + Beeesssicavsiassssnss(3)
where, Ea is the apparent activation energy, R is the universal gas

consatant and B is a constant .

The results fit a satisfactory straight line with an activation

energy of 11.9 K cal/mole. Thisg value is comparable with some values

-reported previously Abo El-Khair,Khalifa,hbdei—ﬁamid and Azzam(1987).

It is also of the order of the actlvation energies encountered for

the hydrozen evolution reaction Conway (1952). Tne calculated val-

’ N . -4
ues of the apparent activation energies in the presence of 10 and

-1 by 1.
10 "M inhibitor concentration are 11.054 K cal/mole and 11.97.K cal

# iole respectively see Fig. (4) Tnus, the presence of polyvinylpyr-
-38-
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rolidone does not affect the activation energy of the correcsion
process. The above evidence indicates that the presence of pol-
yvinylpyrrolidone does not change the mechanism 5f the nature - .
of the rate-determining step of the corrosian process, althou-

gh it significantly reduges its rate .

The open-circuit potential of Ni électrode immeresed in 4M
HNO acid in absence and in presence of PVP of concentration

3 to 107 % was followed as a function of

ranging between 10
time till steady state values were established. Tha results

of these measurements are shown in Fig{5). Tne éotential shows drift:
within the first tvwo hours from immersion the change of patential
within this pzriod does not appzar to follow a cémmon course .

Tne potential values remain then almost coustant within the next
houi. |

Fig(6) represents the relaticn between the steady state potential
and the logaritnm of pulyvinylpyrrolidene at roam temperature .

It is okvious from this diagram that the potential is shifted to

noble direction with the increase of 1nhibitor concentration . -

~

It is concluded that the inhibitive effect of the polyviayl-
pyrrolidone is 2ue to the formation of a protective film on the
surface of nickel metal. Tne diffusjion of metal ione through

the film bscomes the rate - d2termining step .
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