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Inhibitor composition for corrosion protection of steels in water systems
based on polymers and inorganic salts
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The inhibiting properties of various compositions of polyethylene glycol and some inorganic salts (Na,MO, and
Na,W0,.2H,0) in respect to the corrosion of carbon steel in water environment have been studied using electro-
chemical polarization techniques, gravimetric measurements, electron microscopy (SEM) and metallography obser-
vations. As a model medium of non-treated water 0.1 N Na,SO, solution (pH = 6.7) is used. It is established that the
composition of polyethylene glycol (molecular mass 1000) and Na,WO,4.2H,O is the most efficient — the inhibition
effect is up to 90%. It is shown that the inhibitor composition affects most significantly the anodic behaviour and
susceptibility of the steel to passivation. The addition of the composition results in considerable decrease in the rate of
anodic dissolution of the steel and increase of the width of the passive region as well as in lowering of the passivation
current density. Formation of protective film of mixed oxide-adsorption nature on the steel surface in the presence of

the inhibitor composition is suggested.
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INTRODUCTION

The water circulation systems, widely used in
metallurgy, power and chemical plants, heat-supply
installations, etc., are among the equipments most
affected by corrosion. The corrosive agent in this
case is the water, which contains mineral salts (most
often chlorides and sulphates) as well as various
microorganisms causing additional damages of
installations because of the biocorrosion processes.
The construction materials for water systems are
usually ordinary carbon steels and cast iron.

The most effective and broadly applied method
for corrosion protection of those systems is the
addition of inhibitors in conjunction with biocides
[1-3]. The literature survey shows that at first as
inhibitors have been used various inorganic oxi-
dizing salts. The increased environment restrictions,
however, have limited the application of most of
those inhibitors because of the toxicity of the heavy
metals (e.g. chromium). The attempts for replace-
ment with simple N-, S- or P-containing organic
compounds have not been very successful. Thus, in
recent years the interest in inhibitor compositions
based on high-weight molecular compounds is
increasing because of their non-toxicity and stability
in water environment in a wide range of pH and
temperature [4—7].

The aim of the present work is to study the
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inhibiting action of composition of polymers
(polyethylene glycol) and some inorganic salts
(Na,MO, and Na,W0O,.2H,;0) in respect to corro-
sion of carbon steel in a model water medium.

EXPERIMENTAL

The corrosion rate of low-carbon steel (0.10% C)
and the effect of the inhibitor compositions on the
corrosion behaviour of the steel have been studied
using gravimetric and polarization resistance
measurements and potentiodynamic polarization
method. As a model medium of non-treated water
0.1 N Na,SOy solution (pH = 6.7) was used. The
polarization resistance was measured after a contact
of the steel sample with the medium for 1 and 24 h.
An apparatus for direct resistance measurement with
alternating polarization voltage of a rectangular
pulse and amplitude of 10 mV in respect to the cor-
rosion potential was used. The polarization curves
of the steel were recorded using a potential sweep
technique (PAR Corrosion measurement system
with potentiostat 263A and Soft Corr III package) at
a scanning rate of 1 mV/s. The electrode potentials
were measured against saturated calomel electrode
(SCE). All measurements were performed at room
temperature.

The surface morphology of the samples after
exposure in the corrosion medium was studied by
scanning electron microscopy (SEM). The average
thickness of the protective films formed on the steel
surface after exposure in the solution with inhibitor
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composition was determined by metallographic
observations of the sample cross-sections.

RESULTS AND DISCUSSION

The gravimetric measurements of the corrosion
rate of the steel in 0.1 N Na,SO, solution, without
and in the presence of composition of polyethylene
glycol (PEG) with various molecular mass (up to
100000) and the oxidizing salts Na,MO, or
Na,W0,.2H,0, showed that the most effective is
polyethylene glycol with an average molecular mass
1000 (PEG-1000) at a concentration in the medium
of about 1 g/l. The inhibition effect for such compo-
sitions reaches 85-90%.

The main results from polarization resistance
measurements are illustrated in Table 1. It is seen
that the composition of PEG-1000 and Na,WQ, is
more effective as inhibitor of the steel corrosion in
comparison with this of PEG-1000 and Na,MO,.
The increase of R, with time is obviously related
with the formation of protective films. The film
formed in the presence of the inhibitor composition
is uniform, without any cracks and with an average
thickness of about 5 um (Fig. 1).

Table 1. Polarization resistance (R,) of steel in solution
of 0.1 N Na,SO, without and with inhibitors.

Inhibitor addition R, ohm-cm?
after | h  after24 h
None 2140 2200
1 g/l PEG-1000 + 1 g/l Na,MO, 2360 3300
1 g/l PEG-1000 + 1 g/l Na,WO,.2H,0 4750 6570

Fig. 1. Cross-section micrograph of a steel sample with

protective film formed in 0.1 N Na,SO, in the presence of

the inhibitor composition (1 g/l Na,WO4.2H,0 + 1 g/l
PEG-1000).

The potentiodynamic polarization curves of the
steel in the model medium without and with
addition of inhibitors are shown in Figs. 2 and 3.

In the presence of PEG-1000 and Na,MO,, and
especially Na,WOy, the rate of anodic dissolution of

the metal decreases. The inhibitor compositions lead
also to a considerable increase in the susceptibility
of the steel to passivation in water solutions, the
effect is more strongly expressed for the composi-
tion of PEG-1000 and Na,WO,.
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Fig. 2. Potentiodynamic polarization curves of steel in
solutions: 1-0.1 NNa,SO,4; 2-0.1 NNa,SO4+1 g/l
PEG-1000; 3-0.1 NNa,SO4+ 1 g/l Na;MOy;
4-0.1 N Na,SO4+ 1 g/l PEG-1000 + 1 g/l Na,MO,.
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Fig. 3. Potentiodynamic polarization curves of steel in
solutions: 1-0.1 NNaySOy; 2-0.1 NNa,SO4+ 1 g/l
N32WO4.2H20; 3-0.1N Nast4+ 1 g/l PEG - 1000 +

1 g/l N32WO4.2H20.

1, Ar‘cmz

In this case, the process of active anodic disso-
lution of the steel is almost completely suppressed
while the passive region is very large (about 1.4 V)
and the current density in this region is very small
(less than 1 pA/cm?), which suggests a high stability
of the passive state. The protective film is obviously
of mixed oxide-adsorption nature — thin compact
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oxide film on the metal surface and thick layer of
adsorbed polymer molecules outside.

Figure 4 illustrates the surface morphology of the
samples after exposure in the corrosive solution. It
is seen that in the absence of inhibitor, the surface is
heavily damaged and the corrosion attack is
localized predominantly at the grain boundaries. In
the presence of inhibitor composition, however, the
corrosion damages are uniform and much less
expressed.

The positive effect of the inhibitor composition
is well expressed during anodic dissolution of the
steel samples at a potential £, = 0.5 V (Fig. 5). In
the solution without inhibitor, the steel at this

Skm 009001

Fig. 4. SEM micrographs of steel samples after 24 h exposure in solutions:

A-0.1 NNast4; B-0.1 NNa2$O4 +1
" - ; 0 X

potential is an active state and dissolves with a very
high rate (100 mA/cm?). As a result, a large number
of deep corrosion pits (1-3 pm) appears on the
surface. The pits develop on the grain boundaries
and other structural defects as non-metallic inclu-
sions, etc. (Fig. 5A). In the presence of the inhibitor
composition, however, the metal surface at this
potential is in a stable passive state and localized
corrosion damages cannot be detected even after 60
min anodic treatment of the sample (Fig. 5B). Thus,
the inhibitor composition leads not only to decrease
in the rate of general corrosion, but prevents also to
a large extent the development of localized corro-
sion damages.

g/ Na,WO,4.2H,0 + 1 g/l PEG-1000.
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Fig. 5. SEM micrographs of steel samples after anodic dissolution at Ea = 0.5 V in solutions:
A - 0.1 N Na,SO, for 10 min; B -0.1 N Na,SO,4 + 1 g/l Na,WO,.2H,0 + 1 g/l PEG-1000 for 60 min.
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CONCLUSION

On the basis of the results in the present study,
the following conclusions could be made:

1. The composition of polyethylene glycol (PEG-
1000) and Na,MO, and especially Na,WO4.2H,0 is
an effective inhibitor of corrosion of steel in neutral
water environment.

2. The addition of the inhibitor composition
results in a considerable decrease in the rate of
anodic dissolution and increase in the susceptibility
of steel to passivation and stability of the passivity.

3. The inhibitor composition leads to a decrease
in the rate of general corrosion and may prevent the
development of localized corrosion damages.
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NHXWBUTOPHA KOMITIO3ULINA HA BA3ZATA HA ITOJIMMEPU U HEOPTAHMYHUM COJIN
3A 3AIIUTA HA CTOMAHA OT KOPO31A BB BOAHN CUCTEMU
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(Pesrome)

WscnenBann ca MHXUOMTOPHUTE CBOWMCTBA HA Pa3lIMYHM KOMIO3MLIMHM Ha 0a3aTa Ha IOJIMETWICHITIMKON M
Heopraunynu comu (Na;PO,4.12H,0, Na,MO,4 u Na,W0O,.2H,0) no oTHoieHne Ha KOpO3uATa Ha HUCKOBBITIEPOIHA
cromana (0.10% C) BbB BoAHA cpeia, ¢ MOMOIITA Ha €JIEKTPOXUMHUYHA IMOJSPU3ALMOHHA TEXHUKA, TPABUMETPUYHU
U3MEpBaHUs, CKaHHpalla eJIeKTPOHHAa MHKPOCKONUs M Mertanorpadcku Habmronenus. Karo MonenHa cpena Ha

HeoOpaboTeHa Boja e usmonsean 0.1 M Na,SO, (pH = 6.7).

YCcTaHOBEHO €, Ye KOMITO3HMIHMATa OT MOJHETWICHTIHKoN (MonekynmHa maca 1000) m Na,WO,2H,0 e naii-
e(eKTHBHA KaTO WHXUOWTOpP — 3amUTHHUAT edekt e okomo 90%. I[lokazaHO € Tako ChHINO, Ye HHXHUOWUTOpHATA
KOMIIO3HIINS OKa3Ba HAW-CHIIHO BIMSHUE BBPXY aHOJHUTE OTHACSHUS M CKIIOHHOCTTa HAa CTOMAaHAaTa KbM ITaCHBAIHSL.
JobaBkaTa Ha WMHXUOWTOpP BOOM [0 3HAYMTETHO HaMaJsABaHE HAa CKOPOCTTa Ha aHOAHO pas3TBapsHE Ha MeTal U
pasiMpsBaHe Ha TaCUBHATA 30HA HAa CTOMAaHAaTa, KAaKTO M [0 HaMaJlsiBaHe Ha aHOJHMSI TOK B Ta3u 30HA. MTHXUOUTOPHUSAT
e(eKkT Ha M3cieABaHaTa KOMIO3UIHA € O0sICHeH ¢ (JopMHUpaHe Ha MacuBeH (UM BbPXY METaJHATa MOBBPXHOCT ChC

CMeCeHa OKCHUJIHO-a/ICOPOLIMOHHA PUPO/IA.
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