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A STUDY ON THE RETARDATION OF THE CORROSION OF Al-Mn ALLOY IN HYDROCHLORIC
ACID SOLUTION
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The cffect of KSCN, NaCN, NaN,, (CH,), SO and CH,NH, on the corrosion of Al-Mn alloy in 3.0
N hydrochloric has been investigated using Mylius thermometric technique. It has been found that
KSCN, NaCN, (CH,),SO and CH,NH, act as inhibitors while NaN; acts as accelerator at all concentra-
tions used. KSCN has higher inhibition cffcct, while CH,NH, is the lowest one. The extent of inhibition
of the studied compounds was found in ag recment with the difference in charge, clectronic structure
and the basicity of the sulphur, oxygen and nitrogen sites involved.

Key words: Corrosion, Inhibitors, Thermometric method, Al-Mn alloy.

INTRODUCTION .

The study of inhibition of acid corrosion of aluminium
and its alloys mainly Al-Mg and Al-Mn alloys is a subject
with great industrial significance. Several studies [1-6]
have been made on the effect of certain organic and inor-
ganic compounds on the corrosion of Al and its alloys in
different media. It is found that,the addition of thcse com-
pounds to the reaction medium effect on the recaction num-
bers and this effect depend upon the type and concentration
of the surfactant.

In this paper, the effect of KSCN, NaCN, NaN,,
(CH,),SO and CH,NH, on the corrosion of Al-Mn alloy in
hydrochloric acid solution was investigated.

EXPERIMENTAL

All the chemicals used were of analytical rcagent
grade. The solutions were preparcd in double distilled wa-
ter. Experiments were carried out at 22 + 1.0°. Duplicate
runs were performed for cach concentration and the mean
values were rccorded. Each experiment was carricd out
with 25 ml of the test solution and with a ncw test piece.

The reaction vessel used in testing the corrosion rate
was basically as describcd by Mylius [7]. The vessel was
placed in a dewar flask to minimize heat losses by radia-
tion. The test pieces of 1x10 cm surface arca was bent in U
form. The variation of the temperature of the system was
measurcd to £ 0.5° by the thermometer. Before use, the test
picces were cleaned by recommended procedures [8, 9].
The chemical composition of the alloy is 98% Al and 2%
Mn.

The reaction number (R.N.) of the studicd compounds
in presence of 3.0M hydrochloric acid can be evaluated us-
ing Mylius formula as given in equation (1)

RIN.= AT/t °C/MIN. vt M

where AT = T,-T,T and T are the maximum and initial

temperature of the system for cach experiment respectively,
and t is the time in minutes taken to reach T .

On the other hand, the degree of retardation of corro-
sion, i.c. inhibition is defined as given in equation (2).

A= (ARNLYRN.), X 100 coocvsroroererssienrssssnene @)

where A is the percentage inhibition. ARN. = [R.N.).__ -
(RN, 1(RN.), and (R.N.),_, are the reaction numbers in
absence and presence of any inhibitor respectively.

RESULTS AND DISCUSSION

The effect of hydrochloric acid concentrations on the
corrosion of Al-Mn alloy was investigated covering the
range 2 — 4.5 M. It has been found that as the acid concen-
tration increase, the corrosion rate increascs and the maxi-
mum temperature T_ increase with decreasing the time (t)
nceded to reach T_. The same conclusions were reported by
Talati et al. [10]. The observed high corrosive action of
HCI may be due to the formation of aluminium chloride
complex which catalyses the dissolution process of the al-
loy. The results obtained are given in Table 1.

Table 1. Effect of HCI concentrations on the corrosion
rate of Al-Mn alloy

Conc. T t, R.N.
M °C min. °C/min
2.5 75 74 0.71
3.0 92 _ 30 2.28
3.5 97 27 2.74
4.0 98 21.24 3.81
4.5 99.5 14.24 5.65

Tempcerature change of the system involving Al-Mn al-
oy in 3.0 M HCI was followed in absence and presence of
different additive concentrations. Figure 1 represents tem-
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perature-time curves for KSCN, NaCN and (CH,),SO at
concentration around 1 x 10* M and CH,NH, at 1 x 102 M
in 3.0 M HCI. From the figure the maximum temperature
measured in absence of any additives in 92° which is at-
tained after 30 minutes. This corresponds to reaction num-
ber (R.N.) of 2.28° min!. On increasing the concentration
of the additives, the time required to reach T _ increases.
This indicates that the above mentioned additives retard the
dissolution of the alloy presumably by their absorption on
the surface of the alloy. The extent of retardation depends
on the degree of coverage of the alloy surface with the ad-
sorbate and the temperature-time curves provide a-means of
differentiating between weak and strong adsorption [2, 4].
Typical temperature-time curves were obtained in presence
of different concentrations of the same additive. Strong ad-
sorption is observed for KSCN (A = 87.1% at 8 x 10“M),
(CH,),SO (A = 57.8% at 1 x 10*M) and NaCN (A = 49.9%
at 1x10“*M) where a simultaneous increase in time (t) and a
diminution in T_ takes place and both factors cause a large
decrease in the reaction number (R.N.) of the system. Weak
adsorption is observed within CH,NH, (A = 22.7% at 1 x
102 M).

The results recorded in Table 2 reveal that the effi-
ciency of corrosion inhibition A as determined from per-

Table 2. The relative decrease or increase in the reaction

number (R.N.) and inhibition efficiency A, (in parenthe-

ses) for the effect of KSCN, NaCN, (CH,),SO, CH,NH,
and NaN, on corrosion of Al-Mn alloy in 3N HCL

KSCN

Conc.,M  0.00 8x10® 8x107 8x10° 4x10-5 8x10*
R.N. 2.28 1.12 099 090 0.89 0.29_
A, 0.00) (51.1) (56.7) (60.7) (60.9) (87.1)
NaCN

Conc., M. - 0:00 1x10° 1x10> 1x10**.1x103 1x102
R.N. 298 LS8 134 1N1S. Q.78 073
A, (0.00) (30.9) (41.1) (49.9) (66.0) (68.0)
(CH,),SO

Conc., M  0:00 1x10* Ix103 1x1072 5x102 1x10!
R.N. 228 096 0.67 063 060 043
s (0.00) (57.8) (70.7) (72.4) (73.9) (78.8)
CH,NH,

Conc.M 0.00 0.01 0.02 0.04 0.06 0.08 0.10
R.N. 2280 1577 - 197 1:33 111 0661 0:32
A (0.00) (22.7) (22.5) (41.6) (51.4) (71.0) (86.2)

%

NaN,
Conc,M 000 006 008 01 02 03
R.N. 998 275 - 576 468 715 959
A, % = = o L

centage reduction in reaction number (R.N.) varies with the
type of the compound used. The order can be arranged as
following with decreasing the inhibition efficiency A:

KSCN » (CH,), SO > NaCN > CH,NH,. The com-
pound NaN, is not included in the previous order where an
acceleration in the corrosion rate was observed.

Figure 2 rcpresents the relation between the inhibitor
concentrations and their inhibition efficiencies A. The ob-
served efficiency of these compounds in acidic medium
may be due to the less negative potential of alloy in the acid
solution favouring adsorption of the added compounds [11,
12].
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Fig. 1. Temperature — time curves for KSCN, (CH,) SO, NaCN and
CH,NH, in presence of 3M HCL '
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Fig. 2. Inhibition % — concentration curves of KSCN, (CH,) SO,
. NaCN and CH NH, in presence of 3M HCL
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Fig. 3. Temperature time curves for NaN, at different concentrations
in presence of 3M HCl. L



446 _ M.H.M. Abou-El-Wafa

On the basis of clectrostatic attraction principal [13],
the anions SCN- and CN- should show higher inhibition
than uncharged molccules (CH,),SO and CH,NH,. The
principal is quite valid for SCN- but not for CN- whére
(CH,),SO gave relatively high inhibition than CN". How-
ever, due to the fact that sulphur is a stronger Lewis base
than oxygen and nitrogen, the order of (CH,),SO can be ac-
cepted. )

In addition to ¢ bonding interactions between A1*3
and the added compounds, Chatt [14] has reported that
class (a) acids e.g. A1 ** would have tightly held outer
electrons, but also there would be empty orbitals available,
not too high in energy. Basic atoms such as oxygen and
fluorine could form n-bonds by donating their clectrons to
the empty orbitals of the A1*3. The compounds SCN-, CN-
and (CH,),SO are also unsaturated, and it scems reasonable
to attribute their inhibition efficiences to the ¢ and n-bond-
ing phenomena.

From the molecular orbital point of view [15], the
large dipoles induced by m-bonding would act in the oppo-
site sense to the net charge on the inhibitor and cause an
electrostatic attraction of other groups. The very high inhi-
bition effect shown for SCN- may be due to that SCN- can
act as a bridging group and/or as donor functions associated
with both N and S.

The observed order of CH,NH, may be due to the pro-
tonation of NH, group in hydrochloric acid medium leading
to the blocking the free electrons and could be attributed to
the absence of unsaturated bonds.

The observed acccleration in presence of NaN, (Fig. 3)
could be attributed to the formation of highly soluble azido-
complex [16] in acidic medium. On the other hand, in cova-
lent azides and in hydrazoic acid itself, the N, group is un-
symmetrical [16]. The surface of the alloy will be less cov-
ered and corrosion observed. In general, and as reported be-
fore [17], NS_ behaves rather like a halide ion and is com-
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monly considered as a pseudohalide.
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