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The corrosion aggressivity of wastes of recycled
motor oils deposited in "oil lagoons" was evaluated in
order to solve liquidation of these wastes. For this
purpose, steel piles covered by various coatings or
without any surface protection had been sunk in
different parts of three oil lagoons for about five years;
their corrosion attack was then determined . The results
of the long-term exposition of either unprotected or
surface - finished carbon steel in the actual lagoon
conditions were completed with the short-term
corrosion tests of several materials exposed to the
waste samples from different layers of the lagoon depth
profile.

INTRODUCTION

From the late fifties, the waste disposal site firstly
served for deposition of waste products after oil
refinement and later on of those after motor oil
reprocessing to lubricants. Used motor oils were refined
by sulfuric acid and then purified by bleaching clay. All
waste products of the refining process were gradually
deposited into three waste lagoons (R1, R2, R3). R1 had
been already filled, R2 is now being drained and R3 was
still used for waste product deposition by the end of
1997. Because of the protection of underground water,
the whole storage area was secured with sealing Milan
walls and wells pumping water to a newly built sewage
disposal plant. To solve the liquidation of the lagoon
contents, their corrosion aggressiveness against
common metal materials had to be evaluated both for
long-term built-in constructions and short-term contacts
such as drawing, transport or other manipulations.

Lagoon characterization

The long-term deposited waste products in lagoons
were mainly solid and liquid substances of oil origin or
were polluted with oil. The main groups of the stored
wastes were (1):

- polymerized acid resins (reaction products of sulfuric
acid and unstable oil components)

- polluted waste extracts and lime mud
- bleaching clay containing mineral oils and paraffin

- refining mud containing water, sediment and oil mud
after purification of feeding and waste waters

The final lagoon structure is the result of gradual
chemical (neutralization, oxidation) and physical pro-
cesses (precipitation, sedimentation, deemulsification).
At present, it is possible to characterize it as a multi-
phase, significantly heterogeneous environment with
corrosion conditions non-homogeneous both horizon-
tally and vertically.

The corrosion aggressiveness of the system with
prevailing organic substances is determined mainly by
the following factors:

- water phase (dissolved or emulsified water), mainly
containing salts

- acid components including organic acids

- oxidizing substances (the oil layer on the surface
limits the access of oxygen)

- significant contents of halides and sulfur compounds

- microbiological activity (sulfur-reducing, sulfur-oxi-
dizing or iron-oxidizing bacteria may take part in the
corrosion attack)

- concentration and phase non-homogeneity, inter-
phases
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Table 1. Corrosion losses of the carbon steel in lagoons with oil wastes

Pile number

Maximal corrosion losses (mm/a)

Lagoon
Without surface With surface Uniform corrosion Pitting corrosion
protection protection
R1 1 1 0.02 Not manifested
R2 2 - 0.04 0.20 - 0.84
R3 3 - 0.06 0.22 - 0.77
- 5 - 0.26 - 0.80

Total exposition: 5-5.3 years

The least favorable conditions generally are in the
R3 lagoon that contains the following layers of different
thickness:

1.separated oil phases on the surface
2.aqueous emulsion

3.semi-solid, partially polymerized phases
4.acid resins

S.underlay

Under the present conditions, the first two layers
were totally missing in some places and the pasty
mixture of the waste products of various compositions
reached the surface. The acid numbers ranged from 7 to
103 mg KOH/kg in the samples from various depths of
the R3 lagoon (in terms of a detailed prospecting
performed by the Geological Survey in 2000); it was
increased in the middle and bottom layers. Free sulfuric
acid contributed to the total acidity by 20 to 80%.
Aqueous phases were present not only at the surface but
also in the middle and bottom layers of the lagoon; their
water content varied from 10 to 80%. Locally, high
chloride concentrations (up to 1 200 mg/kg) were found
in the R3 lagoon.

Aggressiveness of the deposited wastes
against steel

Eight out of twelve piles installed in lagoons R1,
R2 and R3 were seriously attacked with pitting
corrosion. The maximal corrosion pit of 4.5 mm was
found in one pile in the R2 lagoon, 0.5 m under the
level. Similar local corrosion losses were estimated in
the R3 lagoon in four out of eight piles - even in those
with protective coatings. The area and frequence of the
pitting corrosion remarkably differed in various parts of
the piles (Figs 1, 2). No other serious corrosion attacks
were found either visually or by metallography. In the
lower parts of the inner surfaces of the piles exposed to
rain and condensed water, only even corrosion was
registered [4].

Table 1 shows the corrosion losses of the carbon
steel in all three lagoons after 5 years of exposition. The
favorable results in the R1 lagoon correspond to the
corrosion rates in the common homogeneous soils with
neutral leaches; they might be the result both of the
placing of piles and of partial reclamation of the lagoon
(and thus a lower proportion of oil and water phases). In
the R2 and R3 lagoons, the corrosion losses are higher
than those usually found in soils.

The bulky light colored products on the outer
surfaces of some piles in the R3 lagoon contained a high
percentage of sulfates (Fe) and silicates; carbonates
were not found. Sulfur was present in the products of
corrosion pits of various diameters; sulfides, which
would prove participation of sulfates reducing bacteria,
were not detected. Chlorides were determined in
concentrations up to 0.25% only in some samples by a
microanalyzer EDAX.

Fig 1. Pitting corrosion - carbon steel, not coated lagoon R3
(depth 6 m, exposition 5.3 years)
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Table 2. Corrosion damage of the coatings in the R3 lagoon

Coating Total thickness Demonstration of coating degradation
(nm)
Metallization by Al 300 Al layer missing nearly along the whole pile length,
the rests of the coating only 0.5 m below the level
metallization + epoxitar 700 The coating damage at the weld, an extensive corrosion
under the paint in the lower part of the pile; total
degradation of both coating layers above the spike
organic bi-layer coating C *) 700 - 740 Local lengthwise cracks of the coating, corrosion under
the lower half of the pile the coating, total degradation of both layers above
the spike, pitting corrosion of steel
Organic bi-layer coating D ) 60 - 120 Not evaluated - prevailing effect of the pile construction

Organic bi-layer coating E *) 50
the lower half of the pile

Rests of the paint in places, even and pitting corrosion
of the surface of steel

+) not specified, various application companies

a)

Fig. 2. Degradation of the paint "C” and corrosion of the base material after 5 years exposition in the lagoon R3;
a) depth 7.5-8.5 m, b) depth 8.5-9.5 m (coating thickness 700 pm).

Aggressiveness of the deposited wastes
against surface coatings

Five kinds of surface coatings designed and
manufactured by various application companies were
experimentally tested in the R3 lagoon (Table 2).
During 5-year exposition to the lagoon, a certain
degradation of the coatings was manifested by cracking,
blistering and corrosion under the surface. In the lower
parts of the piles, total adhesion loss of the coatings and
a crater attack on the unprotected steel surfaces were
observed (Figs 2a, 2b, Table 2). Vibro-piling might also
substantially contribute to the damage of the coatings
on the spikes.

Corrosion of the aluminum layer of average initial
thickness of 300 um occurred along the whole pile
length. However, a more significant crater attack was
found only locally, in the depth from 7 to 8 m (5). The
coating combining aluminum metallization and epoxitar
kept its preserving efficiency even after 5 years - the
painting had not been damaged. From the depth 4 m
towards the subsoil, the extent of the cracked painting
gradually increased (Fig 3a, 3b); both coating layers
were totally degraded above the pile spike (in the depth
of 8.5 to 10.5 m, Fig 3c).

The prevailing character and extent of the
corrosion damage of the steel piles with or without
preserving coatings exposed to the waste products of the
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recycled motor oil is summarized in Fig. 4. It is obvious
that the intensity of the corrosion attack of all seven
evaluated piles situated in various spots of the R3
lagoon of 25 000 m” is rather unequal and the corrosion
aggressivity of the lagoon content cannot be deduced
from its depth. The chemical analysis of the samples
from various depths of the R1 and R2 lagoons revealed
that the R2 lagoon also had non-homogenous conditions
with a locally high aggressiveness.

Exposition tests in laboratory conditions

Because of the supposed waste output and
liquidation of oil lagoons, the aggressiveness of the
current content of the deposit towards various metal
materials was verified. For this purpose, exposition

laboratory tests were performed with homogenized
samples of the semisolid wastes taken from depths from
0.5 to 4.5 m of all three lagoons - even from areas
without the piles. The design of the experiment corres-
ponded with testing conditions for corrosiveness of oil
products towards metals; 24 to 72 hr expositions at 24
°C under air atmosphere were done (5).

Table 3 shows the average values of corrosion rates
of carbon steel and alloy steel of 17 247 quality that
were exposed for a short time to deposited wastes of
various acid numbers. In these surroundings, at the
water content 30 to 50% and pH values below 1, the
intensity of the corrosion attack against steel was
significantly influenced by the total acidity. The
laboratory tests implied that using common alloy steel
would often be hazardous during drawing and other
similar manipulations with such oil wastes.

Y

)

Fig. 3. Failures of the combined system - Al metalization + epoxitar (overall thickness 700 pm) in the lagoon R3;
a) region of the sorld, depth 4.5 m, b) disbounding, Al metalization corrosion, depth 7-8.5 m, c) overall coating system degradation,

depth 9-10 m.

Table 3. The corrosion losses of the carbon steel and the alloy CrNi steel by the waste samples

Depth of sampling Water content

Total acidity

Corrosion rate (g/m* h)

(m) (%) (mg KOH/g) Carbon steel CrNi steel
2.5 48 > 100 (+Cl-) 0.94 1.64
2.5 38 100 0.21 0.78
4.5 48 80 0.08 0.16
1-2 32 40 0.20 <0.01
2.5 46 10 (+Cl-) 0.02 <0.01
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Fig. 4. The different character of the corrosion attack against piles in the depth profile of the R3 lagoon

CONCLUSION

In the lagoons with deposited waste products
mainly of oil origin, the maximal losses caused by
irregular crater corrosion were 0.20 to 0.84 mm/a. Even
coatings of thickness of 500 to 700 um, recommended
for the surroundings with a high corrosion aggressivity,
did not provide a reliable protection. The highest
corrosion risk is above the subsoil; aggressive spots
have been found in the whole depth profile of the R3
lagoon. In all lagoons, both vertical and horizontal non-
homogeneity was characteristic and many factors
leading to a local corrosion attack were found (inter-
phases, different chemical composition, concentration
differences). An intensive corrosion attack could be
expected even during limited waste drawing.
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