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Inhibiting Effects of Ethanethiol, Dimethyl Sulfide, and
Dimethyl Disulfide on the Corrosion of Stainless
Steel (405) in Sulfuric Acid
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The corrosion behavior of stainless steel (405) specimen in 5 M H,SO, solution has been investigated
potentiostatically at four temperatures in the range 303—323 K. The inhibiting effects of ethanethiol (EtSH),
dimethyl sulfide (Me,S), and dimethyl disulfide (Me,S;) have thereafter been tested for four inhibitor concentra-
tions of 0.5, 1, 5, and 10 mmol dm™3. The sulfur compound addition to the H,SO, solution caused a shift, mainly
in the cathodic direction, of the corrosion potential, the electrode potential at low current densities as well as of
the linear section of the cathodic Tafel line. The protection efficiency of each sulfur compound was determined
at various temperatures and inhibitor concentrations. The sulfur compound acted as a corrosion inhibitor in the
H,S0, solution through adsorption on the stainless steel surface. The kinetic results, operating through a
compensation effect, could well account for the variation of the inhibiting capacities of the various sulfur
compounds. The results indicated that inhibition process involved the shift of the stainless steel corrosion to
those surface sites which are associated with progressively higher energy of activation. EtSH was the most
efficient of the three sulfur compounds for inhibiting the corrosion of the stainless steel in H,SO, solution.

There have been a number of corrosion and corro-
sion inhibition investigations on various types of
stainless steel in the acid media.'~” The majority of
the previous literature was devoted to the effect of the
type of stainless steel on the polarization behavior of
this alloy in the corrosion medium, as well as to the
ability of organic compounds in general to inhibit the
steel corrosion.810)

Organic sulfur compounds have widely been used as
inhibitors for the corrosion of various iron alloys.!=1%
The literature in this respect discusses some effects of
such inhibitors which could result in the corrosion
inhibition, and these involved:

(i) altering the nature of the corrosion product;

(i1) changing the type and the extent of adsorption
of the inhibitor on the electrode surface, and;

(ii1) rearranging the corrosion current
potential.

There are several other aspects of the corrosion inhi-
bition which are still lacking. Among such aspects are
the thermodynamics of the feasibility of inhibition
and the kinetics of the corrosion in the presence and
absence of the inhibitor in the corrosion medium, and
these need careful attention and thorough investiga-
tion.

The present research involves the potentiostatic
study of the corrosion of a stainless steel specimen
(type 405) in 5 M H,SO4 (1 M=1 moldm™3) at four
temperatures in the range 303—323 K. The protection
efficiencies of three sulfur compounds have been stud-
ied at the four experimental temperatures using four
concentrations of the inhibitor over the range 0.5 to 10
mmoldm™3. An attempt was made to predict the
thermodynamic feasibility of inhibition from the cov-
erages of the stainless steel surface by the adsorbed
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inhibitor. The effect of the inhibitor on the kinetics of
the stainless steel corrosion was also attempted from
the rates of corrosion under various experimental
conditions.

Experimental

The stainless steel (405) specimen had the following com-
position as revealed by emission spectroscopic analysis:

element : Cr Al C Mn Si P S
Wt% : 115 01 008 1.0 1.0 0.04 0.03

Cylinderical working electrodes were made of 8.5 mm thick-
ness and 12.7 mm diameter. The surface of each electrode
was carefully polished and then degreased and washed as
described earlier.’® A tight fitting Teflon sleeve was fitted
over one end of the stainless steel electrode to expose an
apparent surface area of about 1.0 cm? of the stainless steel.
The surface preparation procedure was shown to give
reproducible polarization curves, with an error in corrosion
current density of less than 0.1%. The surface area of the
electrode was determined by measuring all dimensions to the
nearest 0.01 mm and subtracting the area under the Teflon
gasket. A two-dimensional measuring microscope (Pye 6147
M) was used for area measurements.

The experimental cell which had a working compartment -
capacity of 750 cm?® contained the stainless steel electrode
and two platinum auxiliary electrodes and a saturated
calomel electrode connected through a Luggin capillary
bridge. The cell compartment was provided with a stirror
and arrangements for bubbling gases through the cell solu-
tion. Before each experiment, the solution was deaerated by
bubbling highly pure nitrogen gas for 2 h. The cell solution
was prepared from triply distilled water and Analar grade
H,SO,. Ethanethiol (EtSH), dimethyl sulfide (Me,S), and
dimethyl disulfide (Me;S;) were purum grades, obtained
from Fluka, with a purity exceeding 99.5%.

The potential-current curves were plotted!® using ‘corro-
soript’ obtained from Tacussel electronique, which was
composed of a potentiostat, an electronic millivoltmeter and
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a chart recorder. The potentiostat had an output voltage of
110 V, output current of 500 mA and a response time of
2—3 ps. The recorder enabled the working electrode cur-
rent to be recorded in either linear or logarithmic coordi-
nates.

Both the cathodic and anodic current-potential curves
were obtained with decreasing and increasing polarization
and this was repeated several times. The potential scan
began initially 1 h after the specimen immersion in the acid
solution, beginning at about —1.5 V and proceeded through
to 1.0 V versus a saturated calomel electrode. A potentiody-
namic potential sweep rate of 15 mV min~! was used record-
ing the current continuously with the change of potential.

Corrosion current densities (icorr) and corrosion potentials
(Ecorr) were calculated from the polarization curves. The lin-
ear logarithmic sections of the cathodic and anodic Tafel
lines were extrapolated to the point of intersection from
which both icorr and Ecorr were determined.

Results and Discussion

Corrosion Potential (Ecorr). Table 1 shows the
variation of Ecor for the stainless steel specimen in 5 M
H,S0, solution with temperature and inhibitor con-
centration. Values of Ecor for the stainless steel in the
acid solution in the absence of the inhibitor shifted to
less negative values with increasing temperature from
303 to 323 K. E.or generally shifted to more negative
values with increasing inhibitor concentration in the
case of Me,S and Me,S, at all the experimental temper-
atures. A similar behavior was observed with EtSH
over the concentration range 0.5—1.0 mmoldm™3 at
313 and 323 K; at 303 and 308 K the shift of E.o: with
increasing EtSH concentration was towards less nega-
tive values. A similar trend was detected with ethane-

Table 1.
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thiol at 313 and 323 K over the concentration variation
from 5 to 10 mmol dm™3.

Tafel Slope. The influence of the inhibitor con-
centration on the current-potential polarization curve
for the stainless steel in the H,SO, solution may be
summarized as:

1. The electrode potential at low current densities
shifted considerably relative to the values in the
absence of the inhibitor. The shift was generally
towards more cathodic direction except in the case of
EtSH at 303 and 308 K for all inhibitor concentrations
and at 313 and 323 K for 5—10 mmol dm™3 where the
shift was in the anodic direction (Table 1).

2. The linear part of the cathodic Tafel lines
shifted parallel with respect to the original line in the
absence of the inhibitor. The shift was generally in the
cathodic direction (Fig. 1).

3. The Tafel lines generally maintained their lin-
earity and slope at all inhibitor concentrations and
temperatures.

The first two effects (1 and 2) indicate that all the
three sulfur compounds had significant effects on the
hydrogen evolution reaction. The transfer coefficient
(B) which was calculated from the Tafel slope had
values close to 0.5 (Table 2) in agreement with the
generally accepted values of this parameter.!-'® This
suggests that sulfur compound adsorption in the
double layer does not change the mechanism of hydro-
gen evolution reaction despite its effect on the rate.
This probably indicates that the sulfur compounds
which have been used as inhibitors in the present work

act through adsorption on the stainless steel sur-
face.1019,20)

Potentials (V) and Currents (A cm™2) for the Corrosion (Ecor, icorr) Of Stainless Steel

in 5 M H,SOy at Different Inhibitor Concentrations (C) and Temperatures (7))

T C EtSH Me,S Me,S,
K mmol dm‘3 —Ecorr Teorr —Ecorr Tcorr —Ecorr Tcorr
303 0.0 0.413 5.35X1073 0.413 5.35X1073 0.413 5.35X1072
0.5 0.402  2.70X10%  0.430  4.10X1073  0.425  3.20X1073
1.0 0.390 1.55X1074 0.454 2.98X1073 0.434 1.18X1073
5.0 0.370 6.26X1075 0.448 2.00X1073 0.447 9.54X10™*
10.0 0.366 3.15X1075 0.442 6.08X1074 0.445 5.93X10™*
308 0.0 0.410 8.50X1073 0.410 8.50X1073 0.410 8.50X1073
0.5 0.407 3.50X1073 0.422 7.50X10~3 0.416 6.00X1073
1.0 0.402 6.50X104 0.439 6.00X1073 0.436 4.20X1073
5.0 0.390 1.70X10™4 0.444 3.40X1073 0.442 3.00X1073
10.0 0.372 5.00X1075 0.450 1.40X1073 0.446 1.40X1073
313 0.0 0.407 1.14X1072 0.407 1.14X1072 0.407 1.14X1072
0.5 0.414 9.20X1073 0.415 1.10X1072 0.421 9.00X1073
1.0 0.428  6.80X103  0.427  1.04X102  0.430  7.50X107
5.0 0.400 7.00X1074 0.447 5.16X1073 0.443 5.15X1073
10.0 0.382 5.70X1075 0.418 2.37X1073 0.448 2.37X1073
323 0.0 0.400 2.95X1072 0.400 2.95X1072 0.400 2.95X1072
0.5 0.419 2.65X1072 0.416 2.70X1072 0.439 2.30X1072
1.0 0.438 2.30X1072 0.428 2.55X1072 0.460 1.58X1073
5.0 0.420 1.75X1072 0.438 1.65X1072 0.464 8.60X1073
10.0 0.392 6.69X1074 0.450 7.75X1073 0.466 8.15X1073
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Fig. 1. Effect of the inhibitor on the cathodic and anodic polarization curves for the

stainless steel (405) in 5 M H2SO4 at 303 K. Numbers 1, 2, 3, and 4 refer respectively to the

inhibitor concentrations of zero, 1, 5, and 10 mmoldm=3. A, EtSH; B, Me2S; C, Me2Ss.

Table 2. Effect of Inhibitor Concentration and Temperature on the Surface Coverage (6), Tafel

Slop (B) and Polarization Resistance (R,) for the Stainless Steel Specimen in 5 M H,SO,

T C EtSH Me,S Mezsz

K mmoldm™ 6 8 R 0 B R ) B R

303 0.0 — 0.44 1.68 — 0.44 .68 — 0.44 1.68
0.5 074 045 374 015 045 220 036 043 57
1.0 0.80 047 989 023 046 327 050 042 102
5.0 0.82 047 1634 051 037 374 073 042 8.4
10.0 091 046 4409 062 043 1760 076 049  13.4

313 0.0 — 0.37 1.5 — 0.37 153  — 0.37 1.53
0.5 0.38  0.39 23 011 036 1.40 021 042 155
1.0 047  0.40 29 017 036 1.81 030  0.50 1.67
5.0 087 041 561 045 040 282 060 049 435
10.0 0.92 042 1804 058 046 145 068  0.51 7.35

323 0.0 — 0.63 043 — 063 043  — 0.63  0.43
0.5 0.16  0.60 060 011 060 044 010 051 0.95
1.0 0.29  0.58 062 013 06l 046 018  0.45 1.24
5.0 0.54  0.56 101 040 058 086 048 045  2.02
10.0 0.62 059 2252 055 040 216 062  0.47 1.91
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a) R, is expressed in cm™2.

Polarization Resistance. The polarization resist-
ance (R,) may be taken as a measure of the efficiency of
the sulfur compounds to operate as corrosion inhibi-
tors for the stainless steel in the H,SO, solution, where

Rp = d(E—Ecorr)/di ( 1 )

where E and Ecor are in V, i in Acm™2, and R, in
Qcm™2, For small polarization, values of (E—Ecor) are
proportional to the current density ;. Such a relation-
ship was found in the present work to exist for the low
cathodic polarization region where (E—Ecr)<20 mV.

This is an indication for the fact that some stage in the
discharge of hydrogen ions at the electrode should be
the rate-determining process. Figure 2 shows the rela-
tionship between such small (E—Ecor) values and the
corresponding values of ¢, for the polarization in the
absence and the presence of the inhibitors. Values of
R, have been derived from the slopes of various plots
in Fig. 2 and these are presented in Table 2.

Protection Efficiency. The protection -efficiency
(P) of the sulfur compounds, operating as inhibitors,
could be calculated from equation:!%16:21)
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Fig. 2. Values of (E—Ecor) plotted against the current density (z) for low cathodic polarization of
the stainless steel (405) in 5 M HSO4 at 303 K. Symbols O, X, A, and [ refer respectively to
inhibitor concentrations of zero, 1, 5, and 10 mmol dm—3. Other symbols (A, B, and C) as in Fig. 1.

Table 3.

Effect of Inhibitor Concentration (C) at Three Temperatures on the Values
of the Protection Efficiency (P) of the Various Inhibitors in the 5 M H,SO,

Solution of the Stainless Steel Specimen

5

P
Cc
——l—d—: 303 K 313 K 323K
mmotdm EtSH Me,S Me,S, EtSH Me,S Me,S, E«SH Me,S Me,S,
0.5 54.7 23.4 40.2 19.3 4.5 19.0 10.2 8.5 21.1
1.0 97.1 44.3 77.9 40.6 8.0 34.1 22.0 13.6 46.4
5.0 98.8 62.6 82.2 99.3 40.6 54.7 40.7 44.1 70.8
10.0 99.4 88.7 88.9 99.5 79.2 79.1 97.3 73.7 72.4

P=100[1—(ic)s/(ic),] @)

where (ic); and (i), are respectively the corrosion cur-
rent densities (icorr) for the stainless steel in the absence
and the presence of the sulfur compound in the acid
solution at the same temperatures; (ic); and (i.); are
assumed to be proportional respectively to the corro-
sion rates under similar experimental conditions in
the absence and the presence of the inhibitor in the
corrosion medium.?? Values of P that have been cal-
culated, for the three sulfur compounds, from the data
of Table 1 are indicated in Table 3.

Values of P generally increased at all the experimen-
tal temperatures with increasing concentration of the
inhibitor (Table 3). The highest protection efficiency
(Pn) of the sulfur compounds was attained at 303 K, as
well as at 313 K in the case of EtSH, and corresponded
to inhibitor concentration of 10 mmoldm™3. P; values
of the three sulfur compounds could be arranged in the
order: EtSH>Me,S,>Me,S. Values of P at 303 K
remained relatively high for EtSH even at 1 mmol
dm™3 and the values of P for this inhibitor at this
temperature showed the least dependence on the inhib-
itor concentration. The least dependencies on the
inhibitor concentration were observed with EtSH and
Me,S at 313 and 323 K. At 10 mmoldm™3 of either
Me,S and Me;,S, in the acid solution, P became higher
at 313 K than the values at 323 K in contrast to the

behavior at 1 and 5 mmol dm™3. Values of P decreased
only slightly in the case of EtSH at 10 mmol dm™3,
while the decrease of P for this inhibitor was sharp and
substantial at 1 and 5 mmoldm™3 beginning at 303 K
in the former case and at 313 K at the latter inhibitor
concentration. The decrease of P with temperature for
Me,S and Me,S; was gradual at 10 mmol dm~3, but the
decrease at the other inhibitor concentrations was
rather sharp over the range 303—313 K increasing
thereafter on raising the temperature to 323 K (Table
3).
Inhibitor Adsorption. The coverage (0) of the
stainless steel surface by the adsorbed inhibitor was
estimated from the current densities at constant poten-
tial in the presence (#;) and absence (z,) of the inhibitor
in the acid solution using the equation:!5:2%

0=1—(i)/(i;) (3)

Table 2 gives the calculated values of 8 for the various
inhibitors at different experimental temperatures and
inhibitor concentrations. At any experimental tem-
perature, 6 increased with increasing inhibitor concen-
tration. On the other hand, values of 6, at a given
inhibitor concentration, decreased with the rise of the
temperature from 303 to 323 K.

The manner in which the values of 8 for each inhibi-
tor varied at a constant temperature with the concen-
tration (C) of the inhibitor conformed to Langmuir
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adsorption isotherm which may be put as:

c 1

5 =3 *tC )
A plot of C/6 values against the corresponding values
of C was found to be linear with respect to each inhibi-
tor as seen in Fig. 3. The values of b for each sulfur
compound could be estimated from the reciprocal of
the intercept of the appropriate plot in Fig. 3. Table 4
gives values of b for the various sulfur compounds
which have been utilized as inhibitors for the corro-
sion of the stainless steel in the H,SO, solution.
The parameter b in Eq. 4 may be defined as:?42%6)

b=a exp(—AH./RT) (5)

where AH, is the heat of inhibitor adsorption on the
stainless steel surface and a is a constant.?* A plot of
logb versus 1/T for each sulfur compound should
result in a straight line if 2 and AH, remained constant
over the experimental temperature range as was found
with the present results indicated in Fig. 4. Values of
AH, for the temperature range 303—323 K have been
derived for the various inhibitors from the slopes of the

Corrosion Inhibition of Stainless Steel (405) in Sulfuric Acid 1241

plots in Fig. 4 and these have been listed in Table 4.
Values of AH, are shown (Table 4) to be all negative
reflecting the exothermic behavior of the inhibitor
adsorption on the stainless steel surface. The magni-
tude of AH, is less negative in the case of Me,S as
compared with the remaining two sulfur compounds.
This is an indication for the stronger inhibitor adsorp-
tion in the case of EtSH and Me,S; as compared with
that of Me,S. This result well agrees with that pre-
sented in Table 3 for the variation of the protection
efficiency of the inhibitors with concentration; values
of P are shown in Table 3 to be generally higher for
EtSH and Me,S; at all inhibitor concentrations than of
MCQS.

The parameter b, given in Eq. 4 represents the equi-
librium constant for the adsorption/desorption pro-
cesses of the inhibitor on the stainless steel surface and
could be expressed as;2*

b=exp(—AG./RT)=exp(AS./R)exp(—AH./RT)  (6)

where AG,, AS,, and AH, are respectively the changes
in the free energy, entropy, and enthalpy of the inhibi-
tor adsorption on the stainless steel surface. Values of

20
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Fig. 3. Langmuir adsorption isotherms plotted as C/6 versus C for the three

inhibitors at 303 (O), 313 (X), and 323 K(A).

Table 4. Values of b, AG, (k] mol™!), AH, (k] mol~!), and AS, (J K~ mol™?) for the
Adsorption of the Inhibitors on the Stainless Steel Specimen at Three
Temperatures, in the Range 303—323 K

T EtSH Me,S Me;S;
K b —AH, —AG, —AS. b —AH, —AG, —AS. b —AH, —AG, —AS,
303 2857 20 184 328 146 153 1432 183 185

313 1053  76.9 18 184 213
323 433 16 184 151

3.7 140 146 491 743 160 186

13.5 140 231 147 185
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Fig. 4. Values of log b plotted versus 1/T for the three inhibitors in the stainless

steel/sulfuric acid system.

AH, have previously been derived from the plots of
Fig. 4 which have been presented in Table 4. Using
values of b and AH, from Table 4 at each of the four
experimental temperatures in the range 303—323 K, it
was possible to deduce the corresponding values of
AG, and AS; and these have been inserted in Table 4.
Values of AG. indicate inhibition of the stainless steel
corrosion in the H,SO, solution by the sulfur com-
pounds became less favorable as the temperature
increased from 303 to 323 K. This conclusion gener-
ally agrees with the results of Table 3 where the values
of P were higher at 303 K than at the higher tempera-
tures. The overall changes in AG, and AS, over the
temperature range 303—323 K are shown in Table 4 to
be almost the same for both EtSH and Me,S, and the
values are more negative than for Me,S. The less nega-
tive values of AS, for Me,S than for EtSH and Me,S,
should reflect a far less decrease in the degrees of free-
dom subsequent to adsorption on the electrode surface
in the case of the former inhibitor than of the latter
two sulfur compounds. This suggests a weaker
adsorbed species as a consequence of Me,S adsorption
on the stainless steel than those resulting throughout
adsorption of EtSH or Me,S,.

Kinetics of Corrosion. The rate (r) of the stainless
steel corrosion in the H,SO, solution increased gener-
ally with the rise of the temperature from 303 to 323 K,
and the behavior followed Arrhenius equation:

r=A exp(—E/RT) (7)

where 4 and E are respectively the preexponential fac-
tor and the energy of activation. Due to the linearity of
the Tafel slope segment of the current-potential polar-
ization curve, the value of r in Eq. 7 was taken to be
directly proportional to the corrosion current density
(Zcorr) through such relation as:2!

r=0.13(8/d)icorr (8)

where 0 is the equivalent weight of the metal and d its
density. Using the appropriate conversion factor, the
values of i at each temperature could be converted
into rate (¢) in units of ‘atom cm™%s~"". Figure 5 shows
Arrhenius plots for the blank (absence of inhibitor)
and various inhibitor concentrations; values of E and
A have been derived from the slopés and intercepts of
the plots respectively. Table 5 gives the resulting
values of E and log 4 for the corrosion of the stainless
steel specimen in the acid solution. Both log 4 and E
increased smoothly with increasing inhibitor concen-
tration.

A linear relationship was found to exist between the
experimental values of log 4 and the corresponding
values of E which could be expressed as:2”

logA=mE+1 9)

where m and [ are respectively the slope and the inter-
cept of the plot in Fig. 6. Such a relationship is termed
a ‘compensation effect’ which is frequently found to
describe the kinetics of catalytic and a number of tar-
nishing reactions on metals.?8-30 Equation 9 shows
that simultaneous increases or decreases in E and log 4
for a particular system tend to compensate from the
standpoint of the reaction rate. A number of interpre-
tations have been offered for the phenomenon of the
compensation effect in surface reactions,®~%) among
which the effect could be ascribed to the presence of
energetically heterogeneous reaction sites on the metal
surface; and the corrosion reaction should therefore
occur first on surface sites with low energy of activa-
tion and spreading thereafter to those sites where E
values are progressively higher.

The activation energy (E) of the stainless steel corro-
sion in the H,SO, solution in the absence of the inhib-
itor was 69.5 kJ mol~!; the corrosion should thus be
confined to surface sites with such energy of activa-



April, 1989] Corrosion Inhibition of Stainless Steel (405) in Sulfuric Acid 1243

- r
A B Cc
22 L L
X

&
1
g
o
<
= Y r - )
&n
2

4 L L

X 32 33 D 32 33 D 32 B

(104 T)/K!

Fig. 5. Arrhenius plots, relating 1og icorr to 1/7T, for the corrosion of the stainless steel
(405) in 5 M H2SOy4 in the absence and the presence of the inhibitors in the acid.
Symbols as in Fig. 2.
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Fig. 6. Variation of the activation energy (E) with the preexponential
factor (log A) for the corrosion of the stainless steel (405) in 5 M H2S0,.
EtSH, O; MesS, A; MesSg, X. Numbers 1, 2, and 3 refer respectively to
inhibitor concentrations of 1, 5, and 10 mmol dm3. @, corresponds to
the value in the absence of the inhibitor.

tion. The presence of the sulfur compound in theacid  tion became greater.

solution accordingly shifts the corrosion reaction to The results of Fig. 6 and Table 5 reveal the
those sites where E values are greater. The corrosion  following:
reaction will further be pushed to surface sites which 1. For all inhibitor concentrations in the acid, the

are characterized with progressively higher valuesof E  variation of E values for the three sulfur compounds,
as the concentration of the inhibitor in the acid solu-  followed the sequence:
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Table 5. Activation Energies (E) and Preexponential

Jalal Mohammed Saven and Yousif Kadim Ar-Haipar:

Factors (4/atom cm™2 s71) for the Corrosion of
the Stainless Steel Specimen in 5 M H,SO,

at Four Inhibitor Concentrations (C)

. C E
Inhibitor —_— log 4 e
mmoldm™3 kJ mol™!

EtSH 0.0 11.6 69.5
0.5 322 186.5

1.0 34.7 204.7

5.0 38.0 227.2

10.0 24.1 147.0

Me,S 0.0 11.6 69.5
0.5 14.8 78.0

1.0 16.1 87.7

5.0 16.8 93.6

10.0 18.2 103.8

Me,S, 0.0 11.6 69.5
0.5 15.4 86.5

1.0 16.8 91.9

5.0 17.8 100.5

10.0 18.7 106.8

EtSH> M€252 > MeZS

This reflects the greatest tendency of the stainless
steel for corrosion in the acid solution containing
Me,S as compared with the behavior of the specimen
in the presence of EtSH under similar inhibitor con-
centration and temperature. This conclusion agrees
with the protection efficiency results which have been
presented in Table 3. The results are also in line with
the variation of the AG, values (Table 4) which have
been obtained for the inhibitor adsorption on the
stainless steel electrode.

2. The dependence of the E and log 4 values on the
inhibitor concentration is seen in Fig. 6 to be far more
smaller in the case of Me,S and MeyS, as compared
with that of EtSH.

Molecular Structure Consideration. The tenden-
cies of the sulfur compounds to adsorb on, and hence
protect, the stainless steel surface are shown from the
kinetic results to decrease from EtSH, through Me,S,,
to Me,S. A qualitative explanation of this sequence
may be found from the consideration of the electronic
structures of these compounds. Each of EtSH and
Me,S has one lone pair of electrons on sulfur while
there are two such pairs in Me,S,. The lone pairs of
electrons on the sulfur atoms are delocalized and hence
produce delocalization or resonance energy which sta-
bilizes the sulfur compound.?® Thus the larger the
number of delocalized electrons, the more stable is the
charge density on the ‘anchoring’ atoms (in this case
the sulfur) and hence the larger is the strength of
adsorption on the metal surface. Comparing Me,S,
with Me,S, one would expect stronger adsorption of
the former, and therefore greater inhibition, than of
the latter. Furthermore, both Me,S, and Me,S do not
contain hydrogen atoms linked to sulfur as in the case
of EtSH. This should produce an additional adsorp-
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tion tendency for this compound (EtSH) on the elec-
trode surface as compared with the remaining two sul-
fur compounds.

The organic sulfur compounds which have been
dealt with in the present work are classified as toxic
substances and can inhibit the catalytic activity of
metal surfaces due to the presence of lone pairs of elec-
trons on the sulfur atoms.?” The poisoning effect
results from the formation of strong dative bonds
between the toxic molecules and the surface atoms. It
has been established that the poisoning effect among a
series of alkyl sulfides and disulfides increased by leng-
thening the chain in these compounds.3® These facts
showed that Me,S, was more toxic than Me,S and that
EtSH behavior was comparable with that of Me,S,.
This conclusion well agrees with the calculated values
of AH, (Table 4) as the heat of adsorption is known to
be a good measure of the strength of adsorption on a
surface.
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