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ABSTRACT 

The inhibition efficiency of polyvinyl pyrrolidone (PVP) in controlling 

corrosion of carbon steel immersed in an aqueous solution containing 60 ppm 
of CI-, in the absence and the presence of zn2' has been evaluated by weight 
loss method. Influence of pH. immersion period, N-cetyl-N,N,N-trimethyl 

ammonium bromide and sodium dodecyl sulphate on the inhibition efficiency 

of the inhibitor system has also been investigated. The nature of the 
protective film has been analysed by FTlR and fluorescence spectroscopy. In  
the presence of PVP, the protective film consists of ~ e ' ~  - PVP complex; the 
film is found to be uv-fluorescent. In the presence of PVP and zn2', the 
protective film consists of ~ e "  - PVP complex and Zn(OH),; it is found to be 
uv-fluorescent. 

Keywords: Carbon steel, corrosion inhibition, fluorescence, polymers, 
polyvinyl pyrrolidone. 

INTRODUCTION 

Several polymers have been used as corrosion inhibitors 11-81. They 
function as corrosion inhibitors (i) by increasing the resistance to the rate of 

diffusion of the corrosive agent and (ii) by absorbing on the surface of the 
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metal through their functional groups, thus protecting the metal against the 
corrosive environment. Polymers such as polyacrylamide 11-51, 

carboxymethyl cellulose 161, poly-N. vinylimidazole 171 and phosphonic acid 

derivatives of polyamides I81 have been used as inhibitors. Polyvinyl 
pyrrolidone has been used to inhibit corrosion of carbon steel in ground water 
191. The present work is undertaken (i) to evaluate the inhibition efficiency of 
polyvinyl pyrrolidone (PVP) (M.wt 40,000), in controlling corrosion of 

carbon steel immersed in an aqueous solution containing 60 ppm of CI-, 
(ii) to investigate the influence of zn2', pH, immersion period, N-cetyl- 

N,N,N-trimethyl ammonium bromide and sodium dodecyl sulphate on the 

inhibition efficiency of the PVP system, and (iii) to analyse the protective 

film by means of FTlR spectra and fluorescence spectra. 

EXPERIMENTAL 

Preparation of the specimens 

Carbon steel specimens (0.0260i0 S, 0.06% P, 0.4% Mn, 0.1% C and the 
rest iron) of the dimensions 1.0x4.0x0.2 cm were polished to a mirror finish 

and degreased with trichloroethylene, and used for the weight-loss method 
and surface examination studies. 

Weight-loss method 

Carbon steel specimens, in triplicate, were immersed in 100 ml of the 

solutions containing various concentrations of the inhibitor in the absence 
and presence of zn2', for one hour. The weight of the specimens before and 
after immersion were determined using a M-, AE-240. The 
corrosion products were cleaned with Clarke's solution IlOI. The corrosion 
inhibition efficiency (IE) was then calculated using the equation. 

I E =  100 [ I  - ( W 2 /  W1)] % 

Where W,  = Corrosion rate in the absence of inhibitor, 

W2 = Corrosion rate in the presence of inhibitor 

Surface examination study 

The carbon steel specimens were im 
period of one hour. After one hour, the s I 
The nature of the film formed on the SI 

analysed by various surface analysis techn 

FTIR spectra 

These spectra were recorded in a Perk 
The film was carefully removed, mixed t 

pellets, and the FTlR spectra were recorde 

Fluorescence spectra 

Fluorescence spectra were recorded 
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Surface examination study 

The carbon steel specimens were immersed in various test solutions for a 

period of one hour. After one hour, the specimens were taken out and dried. 

The nature o f  the film formed on the surface o f  the metal specimens was 

analysed by various surface analysis techniques. 

These spectra were recorded in a Perkin Elmer - 1600 spectrophotometer. 

The film was carefully removed, mixed thoroughly with KBr and made into 

pellets, and the FTlR spectra were recorded. 
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Fluorescence spectra 

Fluorescence spectra were recorded in a Hitachi F-4500 fluorescence 

spectrophotometer. 

RESULTS AND DISCUSSION 

Weight loss study 

Corrosion rates o f  carbon steel immersed in an aqueous solution 
containing 60 ppm o f  chloride ion. for I hour, in the absence and presence o f  

polyvinyl pyrrolidone (PVP) are given in Table I. The inhibition efficiencies 

are also given in this Table. I t  is found that PVP has good inhibition 

efficiency at pH 7 .  

Table I 
Corrosion rates (CR) [mg/dm2 hour] o f  carbon steel immersed in an aqueous 

solution containing 60 ppm o f  CI-. Immersion period = 1 hour pH = 7 

PVP, ppm Corrosion rate m/d2h - 
0 6.00 
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Surface examination study 

The carbon steel specimens were immersed in various test solutions for a 
period of one hour. After one hour, the specimens were taken out and dried. 
The nature of the film formed on the surface of the metal specimens was 
analysed by various surface analysis techniques. 

These spectra were recorded in a Perkin Elmer - 1600 spectrophotometer. 
The film was carefully removed, mixed thoroughly with KBr and made into 

pellets, and the FTlR spectra were recorded. 

Fluorescence spectra 
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Fluorescence spectra were recorded in a Hitachi F-4500 fluorescence 
spectrophotometer. 

! RESULTS AND DISCUSSION 

Weight loss study 

Corrosion rates of carbon steel ~mmersed in an aqueous solution 
containing 60 ppm of chloride ion, for 1 hour, in the absence and presence of 

polyvinyl pyrrolidone (PVP) are given in Table I .  The inhibition efficiencies 
are also given in this Table. It is found that PVP has good inhibition 

efficiency at pH 7 .  

Table I 
Corrosion rates (CR) [mg/dm7 hour] of carbon steel immersed in an aqueous 

solution containing 60 ppm of C1-. Immersion period = I hour pH = 7 

PVP, ppm 1 Corrosion rate m/d7h 1 IE % 
I I 



Influence of pH on the inhibition efficiency of PVP 

When the oH o f  the solution in lowered from 7 to 3. (addition of 

dil.tt2S04) the 1E 'ease gre !at extent (' Tal 

increased from 7 to I 0  (addition o f  NaOH solution), the IE decreases to some 

extent at lower concentrations o f  PVP, namely, 50 ppm and 100 ppm. 

However at higher concentrations o f  PVP (150. 200, 250 ppm) there is no 

change in the IE (Table 111). 

Table I1 

Corrosion rates o f  carbon steel immersed in an aqueous solution 

containin2 60 ppm of CI-. Immersion period - I hour pH = 3 

rate mid'h 

00 

Table I11 

Corrosion rates o f  carbon steel immersed in an aqueous solution 

containing 60 ppm o f  CI-. Immersion period = I hour pH = 10 

Corrosion rate mid-h ---?I 

When P V P  i s  hydrolysed in the presence o f  acids (lower pH) or alkalies 

(higher pH), there i s  a change o f  functional group / I  I i  (cf Scheme 1 ). 

The very high inhibition efficiency at pH 7 may be due to the fact that 

PVP is coordinated to ~ e ' '  on the metal surface through the N atom and the 

H2C--- CH, 

H2Nt 

Ill i 
(CH2)3 

at pH =3 
I 
I 

COOH 
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oxygen atom resulting in the formation of Fe2' - PVP complex on the anodic 

sites of the metal surface. 
At lower pH value of 3 (structure Ill), the N atom is protonated. The lone 

pair of electrons is not available. Nitrogen has attained a positive charge; The 

C=O group has been converted into COOH group. Therefore coordination 
with Fez' is very difficult. Hence a decrease in IE is noticed. 

At higher pH value of 10 (structure IV), a lone pair of electrons is 
available on N and a carboxylate anion is formed. Coordination with ~ e "  can 
take place through the N atom and 0- of the carboxylate anion. The resulting 
re2'-PVP complex is a 7 membered ring system. This is a strainless complex. 

Hence the stability of the complex increases. This accounts for the higher IE 

of PVP at higher pH value (say 10) than at lower pH value (say 3). 

lnfluence of znZ' on the IE of PVP 

The influence of zn2'  on the IE of PVP is given in Table IV. At pH 7, 
when 5 ppm of zn2 '  is added to PVP, the IE decreases to a great extent. This 
may be due to the fact that a Z ~ ~ ' - P V P  complex is formed in solution. The 
transport of PVP from the bulk of the solution towards the metal surface is 

restricted in the presence of zn". The coordination is through the N atom and 
the O atom of the C = 0 group with ~ n " .  When this complex diffuses from 
the bulk of the solution towards the metal surface, it is not easily broken to 
form re'' - PVP complex on the metal surface. 

Table I V  

lnfluence of 5 ppm of zn" on the inhibition efficiency of PVP 
Immersion period : I hour 
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PVP complex at the anodic sites. zn2' is released. It is deposited at the 
cathodic sites as Zn(OH)2. This accounts for the high IE at pH 10. 

lnfluence of CTAB on the IE of PVP 

The influence of N-cetyl-N,N,N-trimethyl ammonium bromide (CTAB), 
a cationic surfactant, on the IE of PVP is given in Table V. It is observed that 
50 ppm of PVP has 92% IE. When 50 ppm of CTAB is added the IE 

decreases to 40%. As the concentration of CTAB increases, the IE increases, 
reaches a maximum (98%) and then decreases. The maximum IE is obtained 
at 200 ppm of CTAB. Upto 200 ppm of CTAB, it exists as a monomer. 

Above this critical value, there may be formation of micelles. The transport 
of PVP towards the metal surface is not facilitated. Hence a decrease in IE 

this cril :ical concentration is observed. 

Table V 
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f Fe2' - p v p  complex on the anodic At pH 3, PVP cannot form a complex either with zn2+ or with F~",  
because N has attained a +ve charge (structure 111). Hence a decrease in 1E is 

At pH 10, (structure IV) high inhibition efficiency is observed. Lone pair 

of electrons is available on nitrogen; carboxylate anion -COO- is present, The 
transport of PVP towards the metal surface is facilitated by the presence of 
2n2'. zn2' - PVP complex is formed and transported towards the metal 

surface. On the metal surface, zn2' - PVP complex is converted into F ~ * +  - 

Influence of CTAB on the IE of PVP 
Immersion period = I hour pH = 7 

PVP, CTAB I E 

PPm Yo 



I ' d  22, No. 3, 2001 Corro.sion Bclzoviour 

lnfluence of SDS on the IE of PVP 

The influence of sodiumdodecyl sulphate (SDS) an anionic surfactant, on 
the IE of PVP is given in Table VI. It is found that when SDS is added, the IE 
first decreases and then increases. A maximum IE is reached at 200 ppm of 

SDS. Afterwards the IE decreases. There may be formation of micelles after 
this critical concentration. The transport of PVP to the metal surface is not 
facilitated; hence a decrease in IE after this critical concentration. 

Table VI 
lnfluence of SDS on the IE of PVP 
Immersion period = 1 hour pH = 7 

PVP, ppm SDS. ppm 
50 0 

50 50 

lnfluence of immersion period on the 1E 

It is observed from Fig. 1 that, as the immersion period increases, the IE 
decreases. For a I-hour period the IE is very high, i.e. 92%; but for a 3-hour 
period it decreases to 85%; for a 5-hour period it decreases further to 70%. 

This may be due to the fact that as the period of immersion increases, the 

protective film formed on the metal surface, namely, ~e"-PVP complex, is 
broken by the aggressive chloride ion and hence the IE decreases. Further 
there is a competition between the formation of FeClz (and also FeCI,) and 

formation of Fe-PVP complex. It seems that as the immersion period 
increases the formation of FeCI, is more favoured than the formation of Fe- 
PVP complex at the anodic sites of the metal. Hence a decrease in inhibition 
efficiency is noticed as the period of immersion increases. 

Fig.. I: lnfluence of immersion p 

Surface analysis 
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Fig.. I :  Influence of immersion period on the IE of the PVP system. 

Surface analysis 

The protective film formed on the surface of the metal in the presence of 

PVP system and also the P V P - ~ n "  system has been analysed by FTIR 
spectroscopy and fluorescence spectroscopy. 

Analysis of FTIR spectra 

The FTlR spectrum (KBr) of pure PVP is shown in Fig. 2a. The C=O 

stretching frequency appears at 1654 cm-'. The C-N stretching frequency 

appears at 129 1.8 cm-I. The FTlR spectrum (KBr) of the film formed on the 
surface of the metal after immersion in the solution, containing 100 ppm of 
PVP is shown in Fig. 2b. It is found that the C=O stretching frequency of 
PVP has decreased from 1654 cm-' to 1632 cm-I. The C-N stretching 
frequency of PVP has decreased from 1291.8 cm-' to 108 1 cm-I. It is inferred 

that PVP has coordinated with ~ e ' +  through the oxygen atom and nitrogen 

atom resulting in the formation of F ~ ~ ' - P V P  complex on the anodic sites of 
the metal surface I1 21. 

The FTIR spectrum (KBr) of the film formed on the surface of the metal 

after immersion in the solution containing 100 ppm of PVP and 5 ppm of 
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~ n "  is shown in Fig. 2c. The C=O stretching frequency of PVP has 

decreased from 1654 cm-' to 1596 cm-I. The C-N stretching frequency of 

PVP has decreased from 1291.8 cm-I to 1080 cm-I. It is inferred that PVP has 

coordinated with ~ e "  through oxygen and nitrogen. The band at 1382 cm-' i s  

due to Zn(OH)? formed on the cathodic sites of the metal surface /2,12/. 

Fluorescence spectra 
The emission spectrum (A,, = 363 I 

of the metal after immersion in the so 
shown in Fig. 3a. Peaks appear at 4 

spectrum is due to ~e"-PVP comple 

corresponding excitation spectrum (A,,, 

I 1 1 I 
4000 3000 2000 1000 

Wovenumber , cm-' 

Fig. 2: FTIK spectra of pure PVP (a) and of film formed on surface of 

carbon steel after immersion in various solutions 

(a) CI- 60 ppm + PVP I00 ppm 
(b) (21.60 ppm + PVP 100 ppm + zn2' 5 ppm 

Fig. 3: Fluorescence spectra of film 
immersion in various solutions. 
(a) and (c) CI- 60 ppm + PVP I 

(b) and (d) CI- 60 ppm + PVP 1 
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Fluorescence spectra 

The emission spectrum (A,, = 363 nm) of the film formed on the surface 
of the metal after immersion in the solution containing 100 pprn of PVP is 
shown in Fig. 3a. Peaks appear at 468. 481 and 5 18 nm. This emission 

spectrum is due to ~e"-PVP complex formed on the metal surface. The 
corresponding excitation spectrum (A,,, = 468 nm) is shown in Fig.3~. Peaks 

of film formed on surface of 

us solutions 

Wavelength, nm 

Fig. 3: Fluorescence spectra of film formed on surface of carbon steel after 

immersion in various solutions. 
(a) and (c) CI- 60 pprn + PVP 100 pprn 
(b) and (d) C1' 60 pprn + PVP I00 pprn + zn2' 5 pprn 
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appear at 365 and 404 nm. 

The emission spectrum (A,, - 363 nm) o f  the film formed on the surfa 

of the metal immersed in the solution containing 100 ppm PVP and 5 

Zn" is shown in Fig. 3b. Peaks appear at 467. 483. 539 and 576 nm. 

spectrum i s  due to F~* ' -PVP complex in the presence o f  Zn(OH),. The 

corresponding excitation spectrum (A,,, = 468 nm) i s  shown in Fig. 3d. The 

peaks appear at 364.380,405 and 4 18 nm. 

CONCLUSIONS 

The present study leads to the following conclusions. 

Polyvinyl pyrrolidone (PVP) has good inhibition efficiency (IE) in 
controlling corrosion of carbon steel in an aqueous environment 

containing 60 ppm o f  CI-, at pH 7. 

The protective film consists o f  ~ e "  - PVP complex: and it is found to be 
uv-fluarescent. 

At pH 3. the inhibition efficiency decreases. 

At pH I 0  the I €  i s  not altered very much. 

Addition of 5 ppm o f  ~ n "  to various concentrations of PVP lowers the IE 

o f  PVP. at pH 7, and also at pH 3. But at pH 10, the I €  i s  not altered very 

much. 

In the presence o f  ~ n "  and PVP, the protective film consists o f  ~e"-PVP 

complex and Zn(OH)?. The protective film is found to be uv-fluorescent. 

Addition o f  CTAB to PVP system lowers the I €  o f  PVP, after a particular 

concentration o f  CTAB. Similar i s  the case with SDS. 

As the immersion period increases, the 1E of the PVP system decreases. 
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