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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 technique 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.lM inhibitor concentration. The results

the apparent activatin energies in absence and in presence

I

[+]
of the inhibitor suggest that polyvinylpyrrolidone 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 surface.
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 aqueocus corrosion of metals such as Fe, Al, Cu and Hi
Annand, Hurd and Hackerman (1965) Trabenelli and Carossitti (15870)
Poling (1970) Desai, Thaber, Chhaya and Gandhi (1979), Fox and Br-
adely (1980), Abo El-Khair (1983) and Abdel Gulil and E1 Fattah (1987).
The inhibitive power of these organic corrosion inhibitors has
been interpreted in terms of many differnt factors, includling
their molecular structures, molecular area and molecular weights,

It was observed 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 secondary role in
inbibiticn Desai, Tnabir, Chhaya and Gandhi(1979). The acid corros-
ion inhibition of steel in presence of polyvinylpyridine polymer is
due to muliticentre adsorption of the polymer at several points on
the mslecule Annand, Hurd and daskerman {1965). Ine inhibitor ac
tion of besnzotriazole (BTR) on Cu in acidic solution is due to the
formatien of polymeriec Cu BTA complex, which is more than a mono-
layer, . on the surface poling (1970) . Tpis film inhibits the cath-
odic hydrogen evolution reaction much more effectively than the ox-

ygen reduction .

In this work, the application of polyvinylpyrrelidone of average
molecular weight of 40,000 (PVP:4)) ac an-inbibitor for the acid X
corrosion of Ni was investigated . The effect of {PVP 40} on the
inhibiting effeciency, cérrosion rate and apparent activation ener-
gy of Ni corrosion in 4M HN03 was studied, Tne results were analy-
zed with a wiew tc determine the lnhibiting oower of PVP at various
.temperatures and concentrations and to elucidate the waechanism of
its inhibitive action . ' €
EXPEREMENTAL :

Tne Nickel used was spsctroscepically pure (99.98%). Weight loss
was measured on sheeta of 9 cmz apparent surface a2rea, These sheets
Wwere precléanq by degreasing in methanol, dipping in concentrated
HND3 and washing. The procedure was repeated several times before
weighing and immersing in the correcsive medium. The corrosicn rate
whs calculated from weight - loss on the basis of the apparent sur-
face area, The immersion time at different temperatures aund conce-
ntratiqns was 30 minutes in all! experiments, the averages from four

aspecimens were taken at each concentration each with a fresh elect-
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rode surface and batch of electrolyte. Tne results Were quite repro-

ducible.

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

of the highest purity available. Various concentration of polyvi-

4 1

nylpyrrolidone (PVP) ranging from 10 = to 107~ M were used in 4M

H¥O, solution . The solutions were prepared from bidistilled water,

and the temperature was adjusted to + .1%e

Tne effect of polyvinylpyrrolidone on the potential of Ni ele-

ctrode in 4M HHO3 was investigated at room temperature .

RESULTS AND DISCUSSION :

The protection efficiency, p, of the inhibitor was calculated

by eguation (1) :
w2 )

'-lI-Q'cal.ll.o-.qvl!.l..lﬂl"t(l}

P= 100 {( 1-
% wl

where ¥y and w, are the corrosion rateé in absence and in presence
of a certain concentration of inhibitor. Fig.(l) whows the variat-
lon of the protection efficiency P, of Ni metal as a function of the
cohcentration of palyvinpapyrrolidone in 4M HNO3 solution at differ-
ent temperatures . As seen the percent inhibition increases with ’
the ipcrease of polyvinylpyrrolidone concentration inm the medium,

approaching 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 HNO3 as a function
of the concentratlon of 1nhibitor at differen; temperatures is shown
in Fig(2) . It was observed that, at constant. temperature, the corr-
osion rate decreases as the concentration of polyvinylpyrrolidone

increases .
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It is well known that if the inhibitor function via an adsorp-
tion mechanism,.i.e., the degree of coverage ejuals the protection
efficlency, the Langnmuir isotherm relationship :

tog P/(1-p) = log (1) + constant ....eessees...(2)

where (l) is the inhibitor concentration, should bz a straight 1li-
ne with a slopz of unity. Tnis relation is seen in Fig(3) , in a

which ejuation (2) is not confirmed.Thus it can bes suggested that

the protection imparted by pslyvinylpyrrolidone agrees with the

film formation Putilova, Balezia and Brannik (1960) where inhibi-

tion is due tc the formation of a protective film on the metal surface, .

The diffusion of metal ions +hrough this film becomes the rate deter-
mininy stefs:. Tnese results are in agreement with the previous results
reported for the inhibitidén of Ni corrosion by triphenvltetrazoluim
chloride (TTC) Abd El-Gulil and Abd-El-Fattah (1987). Fig(4) shows an
Arrhenius polt of the corrosion process of Ni in 4M HNOB(using Arrh-

enius) ejuation (3) .
log corrosion rate = ~B /R 4 Beesrssiascaionesonss(3)
where, E% is the apparent activation energy, R is the universal gas

constant and B is a constant .

The results fit a satisfactory stralight line with an activation

energy of 1ll1.9 K cal/mole. Tnis value is comparable with some values

'repcrted previously Abo El-Khair,Khalifa Abdel-Hamid and Azzam(1987).

2
It is also of the order of the actlvation energies encountered for

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

y - o -4
ues of the apparent activation energies. in the presence of 10 and

lO-lM ihhibitor concentration are 11.054 K cal/mole and 11.97.K cal

¥ mole respectively see Fig. (4) Tnus, the preseace of polyvinylpyr-
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rolidone does not affect the activation energy of the correosion
process. The above evidence indicates that the presence of pol-
yvinylpyrrolidone does not change the mechanism of the nature - . .
of the rate-determining step of the corrosion process, althou-

gh it significantly reduces its rate .

The open-circuit potential of Ni électrode immeresed in 4H
HNO, acid in absence and in presence of PVP of concentration
ranging between 10724 to 1074 was followed as a function of
time till steady state values were established. Tha results
of these measurements are shown in Fig{5). Tne potential shows drift:
within the first tvwo hours from immersion the change of pastential
within this pariod does not appeer teo follow a c;mman course .
Tne potential values remain then almost constant within the next
houi. |
Fig(6) represents the relaticn between the steady state potential
and the logarithm of pulyvinylpyrrolidene at room temperature .

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

noble direction with the increase of inhibitor concentration . -

™

It is concluded that the inhibitive effect of the polyvinyl-
pyrrolidone is due to the formation of a protective film on the
surface of nickel metal. Tne diffusion of metal ions through

the film becomes the rate - d2termining step .
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