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The use of some mono-substitute어 phenyl N-phenylcarbamates derivatives as corrosion inhibitors for nickel in IM per

chloric acid was studied by galvanostatic polariz죠tion. The inhibition appears to function through general adsorption 

isotherm. How운ver, galvanostatic polarization data suggest that in the case of all seven inhibitors both anode are polarized 

under 하le influence of an external current. Electrocapillary measurements have also revealed that the tendency of the in-

Introduction

The anodic dissolution of nickel in different acid solutions 

in the presence of organic and inorganic inhibitors have re

cently received considerable attention1-13. Polarization mea

surements afford information about the influence of inhibi

tors on the cathodic and anodic partial processes, in addition 

to the usual data they provide about corrosion rates.

Nitrogen containing organic corrosion inhibitors, which 

adsorb at the metal/solution interface and thus reduce the 

metal activity, have been investigated by many authors14-16 

using mild steel, zinc and aluminium substrates but very few 

studies have been made on nickel in acid solution, despite the 

fact that these N-containing organic molecules act as strong 
chelating ligand with nickel17. This paper describes studies 

of the adsorption of phenyl N-phenylcarbamate derivatives 

(1-7) on nickel surfaces and their effect on corrosion inhibi

tion.

1- p-methoxyphenyl N-phenylcarbamate

CH 30-Q-0-C0-NH-

2- p-bromophenyl N-phenylcarbamate

-o-co-nhQ

3- p-chlorophenyl N-phenylcarbamate

Br-

4-p-methylphenyl  N-phenylcarbamate

5-m-chlorophenyl  N-phenylcarbamate

6-m-methylphenyl N-phenylcarbamate

CH3

7-phenyl N-phenylcarbamate

O心-C O-NH 시、

Experimental

Apparatus and Working Procedures. The 산lemical 

composition of the nickel wire (BDH grade) used was as fol

lows: Al: 0.005, Co: 0.005, Cu: 0.005, Fe: 0.05, Mn: 0.005, 

Mg: 0.005, Ti: 0.005, Ni: rest. The wires were abraded 

mechanically with different grades of emery paper and were 

finally wet grinded with 4/0 polishing paper. The exposed 

circular area in each experiment was 0.20 cm2. The wires, 

were thoroughly washed with distilled water and dried 

immediately prior to use.

For the polarization measurements a Galvanostat-Poten

tiostat (Am이 549) was used as a constant current source. A 

saturation calomel reference electrode with a luggin capillary 

tube and a platinum wire counter electrode were used. The 

corrosion potentials were recorded using a pH-mV meter 

(Tacussel Minisis 5000). All the measurements were made at 

27 ± 1 °C. Corrosion currents were calculated from the 

measured polarization data by the method as described by 
Mansfeld.18

Preparation of Phenyl N-phenylcarbamates. A solu

tion of the appropriate phenol (0.01 mol) in dry benzene (10 

m/) was added to a solution of phenyl isocyanate (1.19g, 0.01 

m이). A catalytic quantity of pyridine (0.5 m/) was added and 

the solution was refluxed for 1 hr. On evaporation of 난】e sol

vent in vacuo, the carbamate ester was precipitated in almost 

quantitative yi이d. It was collected and crystallized from chlo- 

roform-pentane to constant melting point. The structures of 

the compounds were identified by elementary, IR and NMR 

analysis. HC1O4 was of AR grade.

Results

The data obtained for the electrochemical and corrosion
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Table 1. Taf이 Parameters During Acid Corrosion of Nickel in Presence of Inhibitor ⑶ at 27 ± 1 °C

Concentration

M

瓦E, mV 

±5mV

Lorr、 

pA cm-2

be 
mV/decade 

±5mV

ba 
mV/decade 

±5mV

厶 Gms, 
Kcal/mol-1

Inhibition 

efficiency 

%

0.0 200 63.10 25.0 12.0 — —
5x10-6 200 39.81 28.3 10.0 9.4 36.9
lxlO-5 198 31.62 25.0 12.0 9.3 49.9
5xl0-5 196 13.18 20.0 5.0 9.1 79.1
1X10-4 195 10.00 20.1 5.0 8.9 84.2
5x10-4 193 7.94 20.0 10.0 8.1 87.4
1 x 10-3 190 5.62 20.0 10.0 7.9 91.1

Table 2. Effect of Various Carbamates on Cathodic and Anodic Tafel Slopes Corrosion Current Density, Free Energy of Adsorption and In

hibitor Efficiency

Corrosive medium 

(IM HCIO4 + 10-5M inhibitor)

%.,mV

±5mV

Lxtrr.
uA cm-2

be 
mV/decade 

±5mV

be 
mV/decade 

±5 mV Kcal/mol-1

Percent 

efficiency

HCIO4 200 63.10 25.0 12.0 — —

7 200 56.39 25.0 12.0 8.0 10.6

6 200 51.51 28.3 10.0 8.4 18.4

5 200 46.30 26.0 11.0 8.7 26.6

4 198 40.40 27.0 12.0 9.0 36.0

3 198 31.62 25.0 12.0 9.3 49.9

2 198 26.11 40.0 10.0 9.5 58.6

1 195 22.39 43.3 10.0 9.7 64.5

behaviour of nickel in IM HC104 옹olution in the absence and 

presence of monosubstituted phenyl N-phenylcarbamates in 
the concentration range 5x 10-6-l x 10-3M are given in 

Table 1. Corrosion potential (Eq, corrosion current (Icorr), 

anodic and cathodic Tafel slopes, free energy change of ad

sorption process (△%&) and percent efficiency for nickel is 
solutions containing 10-5M of mono-substituted phenyl N- 

phenylcarbamates are given in Table 2. These results show 

that Ecg of nickel in the presence of inhibitors is slightly 

shifted in the positive direction. This small shift (0-5 mV) in

dicates that these compounds are mixed type inhibitors 

(Figure 1) and that both cathodic and anodic partial pro

cesses are affected to nearly the same extent by the inhibi
tion19, so that inhibition takes place by simple blocking of the 

electrode surface with subsequent decrease of the area avail

able to the respective partial processes. The approximately 

constant value of the cathodic and anodic Tafel slopes (be, ba) 

in the absence and presence of inhibitor indicates that the 

mechanism of the reaction of HC1O4 with nickel metal is not 

affected by their presence, and suggests primary interface 
inhibition20,21.

The degree of surface coverage (0 ) for this type of inhibi

tion is given by the equation:

&二二，“冗£时—九nh (])

^untnh

where 爲汕 and iinh and the uninhibited and inhibited corro

sion currents respectively. These are determined by the in

Figure 1. Galvanostatic polarization curves of nickel in IM HCIO4 

alone, and containing different concentrations of /?-chlorophenyl- 

N-phenylcarbamate. a) IM HCIO4, b) 5xlO-6M, c) 1 x 10~5Mf d) 

5xlO-5M, e) 1 x 10-4Mt f) 5x 10* 4M, g) 1 x IO-3 M.

terception of both the cathodic and anodic Tafel curves. The 

higher inhibition efficiency of these compounds may result 

from planar orientation of the adsorbed molecules on the
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Figure 2. Schematic representation of the modes of adsorption of 

phenyl N-phenylcarbamate.

Figure 3. Adsorption isotherms for the seven mono-substituted 

phenyl N-phenylcarbamate.

nickel surface. The inhibition efficiencies vary widely due to 

the variable adsorbabilities of these compounds on the nickel 

surface.

Figure 2 shows that there are two possible modes of ad

sorption of inhibitors (A) and (B). Mode (A) covers a larger 

area of the metal surface than mode (B). Adsorption iso

therms obtained from equation (1) are presented in Figure 3. 
These are Langmiur isotherms in which log 了쓰 is linear in 

log concentration. Similar results were obtained by the au

thors22,23 for the corrosion inhibition of copper in HN03 in 

the presence of substituted phenols and of aluminium in HC1 

in the presence of azo dyes.

The values of free energy of adsorption, △Gad$ (Tables 1 
and 2), were calculated using the following equations24:

logC=logY^ -logA (2)

1 — t/

10gA=-1.74-拾絶 T (3)

The negative values of 厶 G讪 indicate that the adsorption
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Rgtire 4. Electrocapillary curves for IM HCIO4 at 27 °C 사lowing 

the effect specific adsorption of 3(/>-chlorophenyl N-phenylcarba- 
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Figure 5. Electrocapillary curves for IM HCIO4 and 10-3M inhi

bitors at 27 °C. a) IM HCIO4, b) 7, c) 6, d) 5, e) 3, f) 2, g) 1.



Inhibitions of Corrosion of Nickel in Perchloric Add

3

； ! 一 。 一

Figure 6. Schematic representation of the mode of adsorption of p- 

methoxyphenyl N-phenylcarbamate.

of the inhibitors on a nickel surface is a spontaneous process.

Figure 4 shows the electrocapillary curves for the adsorp

tion of inhibitor 3 from IM HC104 solution. The results show 

that the amount of inhibitor adsorbed increases with an in

crease in concentration.

Figure 5 shows that the inhibitor 1 is adsorbed almost 

strongly and inhibitor 7 is least one adsorbed. This may be 

attributed to the increased number of donor sites of inhibitor 

1 compared to the other inhibitors tested. Inhibitor 7 has only 

two centers of adsorption (N atom of NH group and 0 atom 

of the phenoxy group) and there is no substituent in the p- 

position of the phenoxy group.

Structure-Inhibition Relationship. Polarization mea

surements indicate the following order in the inhibitive 

power for the studied compounds: 1>2>3>4>5>6>7. In

hibition efficiency depends on many factors including basi

city, number of adsorption sites or functional groups, mole
cular size, mode of interaction and heat of reaction25. In the 

present case the N atom of the NH group and the oxygen 

atom of the phenoxy group are probable centers for cathodic 

and anodic adsorption.

The basicity of the N atom of the NH group and the ox

ygen atom of the phenoxy group are apparently constant due 

to unchanged structural environment. However, the basicity 

of these centers of adsorption may be affected by the polar 

character of substituents in the para and meta positions of 

the phenoxy group. The order of the effect of electron relea

se is: H<Mt-CH3<w-CK/>-Cl</)-Br</>-CH3</)-OCH3.

This order is almost concordant with the observed order 

of inhibition efficiency (1>2>3>4>5>6>7), except com

pound 4 comes before 2 and 3. Compounds 2 and 3 give hig

her inhibition efficiency than compound 4, this may be due to 
their molecular size (Br〉ClACH；)，Compound 1 has the hig

hest inhibition efficiency. This may be due to the increased 

number of donor sites (Figure 6), or to the increase of the 

basicity of the donor sites due to the presence of a /^me

thoxy group.
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