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ABsTRACT
The effect of polyvinylpyrrolidone as a protective substance

on the corrosion on nickel metAl in 4F HND3 solution hAs been
studied•٥ م at different 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 efficieNey in the presence of this p0lymer

reached about 82% at 0.1M 1nhibitor concentration. The results

of the apparent activatin energies in absence and in presence

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 terTs of the forRation of a

protective film on the metal surface.

INTRODUCTION

There now exists a large volume of literature on the use of

organic conpounds containing nitrogen, oxygen and/or sulphur fun­

ctional groups, acting as 1nhibitors HelMutley, Balter and steng-

er (952) for the agueous corrosion of metals such as Fe, Al, Cu and N1

Annand, Burd and Hackerman (l965) Trabenelli and Carossitti (l970)

Poling (1970) Desai, Thaber, Chhaya and Gandhi (1979), Fox and Br­

adely (1980), Abo ±l-Khair (1983) and Abael Gulil and El Rattah (l987).

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 ethanolamlne for the cor±oslon of A) functions malnly by

adsorptLon and their neutral4zing effect has a secandary role in

1 nhibiticn Desai, Tnabir, Chhaya and Gandhi(l979). The aci corros-

ion 1nhibition of steel in preEence o ٤lyvinylpyridine 5ح pد lyNer is

due to Multicentre adsorption of the pد lyRer at severl pcints on

the m5le=ule Annand, Hurd and a-!erman ي {l965). Ine inh1bit5r ac

tion of benzotriazcle (BTA) on Cu in acidic solution 1s due to the

fornation of polyneric C B2A compleX, which is moYe than a Tno-

layer,، on the Eurface pد ling (l970) . Tnis ±ilm ±nhibits the cath­

od1c hydrogen evolution reaction much more effectively thar the x-

ygen reduction .

In this work, the applicat±on of pد lyvinylpyrroliDone o٤ average

a5lecular weighE of 40,000 (PVP!4) as aninhibito± fox ths acid !

corrosion of Ni was tnvestigatea . The effect o٤ (PVP 40) on the

inhibiting effeciency, corrosion rate and apparent activation ener-

gy of Ii corrosion in 4M 3N0, «as studied, Tne results rere analy­

zed with a iew to deteraine the 1nhibitirg g5:er o4 PWP at various

tenpera tures and concentrations and to elucidate the :aechznism of

its 1nhibltive action .

5XPERENEI TA1. :
 ،د،««،

The Nickel used was spectroscopically pure (99.98%). weight loss
2 .was measured on sheet of 9 cm appaient surface area, These sheets

were precleana gegreaslng زط in methanol, dippذ ng in oncentrated

HUD and washing. The procedure was repeatea several t1mes beforeد 
weighing and 1mmersing in the corrosive meaiu. The corrosicn ate ج

was calculatea froD weight - loss on the bas4s of the apparent sur­

face area, The 1mMersion time at different temperatures anD conce-

ntrations was 30 ninutes in all experiMents, the averages from four

spec4pens were taken at each concentration each Hith a fresh elert-
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raae surface ana batch of electrolyte. Tne results wEre quite repro-

ducible.

The polyvinylpyrrolidone (PvP) o£ malecular weight 40,000 was

o٤ the highest purity available. Various concentration of palyvi­
nylpyrrolidone ،.-4-1 ء (PVP) ranging £rom l0 tol0 M were use5 in 4M

HTO solution • The solutions were preparea from bidistilled water,
oand the temperature was adjueted t0 + 0.2 C.

Tne effect of pد lyvinylpyrrolldone on the patential o٤ Ni ele-

ctroae in 4M HNO was investigated at rooM temperature .

RESULTS AND DISCUSSION :
 و،د،د،

The protection efficiercy, P, o٤ the 1nhibitor was calculate5

by eguation (l) :
w2

P {l) تد100}1 د) ،٠٠٠-٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠ م
w1

where w, an5 w are و the corrosion rates in absence and in presence

o٤ a certain concentratio of inhibitor. Fig.(l) whous the variat-

1on of the protect1on dfficiency P, o٤ Ni metal as a function 5f the

concentration o± polyvinylpyrrolidone in 4M HNo, solution at d1ffer-

ent temperatures A seenف the percent inhibition increases with

the increase of polyv±nylpyrrolidone concentration 1n the nedium,

approachin complete protection (82%) at 0.lM . It is also clear

that the protection efficiency increase ith ب decreas1ng tehperature.

The variat1on of corraslon rate of Ni 1n 4M HNo as a function

of the contentratlon of 1nhibitor at different tempEratures is shoan

in Fig(2) . It was observed that, at constant. temperature, the corr­

osion rate decreases as the concentration of plyvinylpyrTolidone

increases .
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2t is well known that i٤ the 4nh4bitor function via an adsorp-

tion mechaa4sm,-i.e., the degree of cverage eauals the protection

e£fic1ency, the Langmuir isotherm telationsh±p :

(2)٠٠٠٠٠٠٠٠٠٠٠٠٠-+Log (l) constant=-(/؟1 )م oلا 

where (l) is the 1nhibitor concentration, shoald bs a srAight li-

ne aith a slope of unity. Tnis relation is seen in £ig(3) , in ٠1

which e4uat±an (2) is not conzirmed. Tnus it can be suggested that

the protection imparted by polyyinylpyrrolidone agrees w1th the

fi1m format1on Putilova, Balezin and Brannik (l960) where inhibi-

tion is gue to the rormation o± a protective film on the metal surfacs,٠

TIe diffusion of Eetal ions through this £ilm bscomes the rate aeter-  د

mining steز :. Tnese results are in agreeaent with the previous results

repartsd for the :nhibition o٤ T1 corros±on bبy tripenyltetrazolvim

chlozide (TTc) Ab El-Glil and A -El-FattaNط (l987). Fig(a) shoas an

NrrhenisIs p5lt of the corrosion process o£ in ذلا 4H HO,(vsing Arrh­

enius) eyuation (3) ,

(3)٠٠٠٠٠٠٠٠٠٠٠٠-B٠٠٠٠٠٠٠٤R.لي rosi.on rate = -kج g co1 و

where,2 1s the apparent activation eaergy, R is the universal gas:a
constant ana Bis a constant

The results fit a satisfactory strA1ght line with an actlvation

enetgy of 1l.9 K cal/male. Ti4s value is comparable :ith some values

reportea previously Ab E1-Khair Kal4fa,Abael-Hamid ,و and Azzam(1l987).

1t 1s als of the order of the actlvation energles encountered for

the hydrogen evolution reaction Conway (1952). Tne calculated val-
· · ٠ -4ues of the apparent activation energies. in the preseace of l0 and

-1l0 'M tnbibitor concentration are ll.054 K cal/aole ana ll.97.Kcal

-lyvinylpyrد iaole respectively see 8i4. (4) THus, the presence af pإز 
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rolidone does not afEect the activation enetgy of the corroslon

process. The abave evidence indicates tlAt the presence of pol­

yinylPyrrolidone does not change thle .mecharism 5f the nature

of the rate-determininG step 5f the corros1or process, althou-

gh i significantly ا reduges 1ts rate •

Tne open-crcuit potential'a4 Ni electrode imaeresed in 4K

HNp. acid in absence and in presence o٤ PVP o± concentration
 ذ

-3 -]r ging حة between 10 M to l0 '2 vas followed ae function of

tine t1ll steady state values were establiebed. ،h results

o٤ these measurements are shown in Eig(5). Tne potential shows drift!

within the £irst two hoUrs from immersion the change of ptential

within this period does not appear to ±olloa comnon course

The potential values reaain then almost coIstant within the next

hou4.

F5g(6) represerts the relation bet:een the steady state potential

and the logarithT of p:1yinylpyIralidone at raam temperature .

It is obvious from ihis diagram that the potentlal is shifted to

noble direction with the increase f 1nhlbitor concentration ,

It is conclu6ea that the inhibitive effect of the pد lyvinyl-

pyrrolidone is Rue to the formation of a protect1ve film on the

surtace o٤ n1clel metal. Te diffusion of metal 1one thrqugh

the £ilm becomes the rate- d2±ermtnng step •
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 حمض محلول فى النيكل فلز تأكل حماية
 بوليمر قينيل طريق عن النيتريك

 النيتريك حمض فى النيكل فلز لتأكل كمثبط برليمر فينيل تأثير دراسة تم

 نبة أن وجد وقد بوليمر فينيل من مختلغة وتركيزات جرامى جزى ، تركيز ذو

 تركيز عند٦٠٨٥ الى تصل ان الى البرليمر فينيل تركيز بزيادة تزداد الحماية

 البرليمر فينيل من جرامى جزى ار· درجة عند تقل الحماية نبة ان كما ه#م

• الحرارة درجة بزيادة

 قية ان كما الفلز طم على حامية طبقة تكوين سع تتفق النتائج وهذه

 طاقات وبحاب الهيدروجين تصاعد تفاعلات مع تتفق الحوبة التنشيط طاقة

 ولكنا التفاعل ميكانيكية من لاينير انه وجد المثبط العامل وجود فى التنشيط

 الجهد ان وجد المثبط وجود فى النيكل قطب جهد وبدراسة التفاعل سرعة من تقلل

• للمشط تركيز بزيادة سالبية الاقل الى يتجه
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