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@ A process for the cleaning of metallic, for example iron or steel, internal surfaces of industrial

equipment.

@ Process for the cleaning during idle periods of
metallic, for example iron or steel, internal surfaces
‘_of equipment used in the chemical industry, in which
<= cleaning fluid containing water, an acid and a
corrosion inhibitor is pumped through the interior of
the equipment at a flow rate of at least 0.5 m/s,
= whereby the cleaning fluid is passed through a re-
duction filter (1) disposed outside the equipment,

~
n

which filter (1) contains a substantially metallic pack-
ing (5) with the highest practicable surface-to-weight
ratio, and that the composition of the cleaning fluid is
controlled during operation by measurement of the
redox potential, which is maintained below a limiting
value and amounts to nearly 280 mV or less, when
measured with a platinum electrode against a satu-
rated calomel-KCI electrode.
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A PROCESS FOR THE CLEANING OF METALLIC, FOR EXAMPLE IRON OR STEEL, INTERNAL SURFACES
OF INDUSTRIAL EQUIPMENT

The invention relates to a process for the
cleaning during idle periods of metallic, for exam-
ple iron or steel, internal surfaces of equipment
used in the chemical industry, in which a cleaning
fluid containing water, an acid and a corrosion
inhibitor is pumped through the interior of the
equipment at a flow rate of at least 0.5 m/s. Exam-
ples of such equipment include reactors, heat ex-
changers, pipes, pumps, valves distillation columns
and steam boilers.

A process as mentioned above is known from
the French patent specification no. 1 377 782.
According to this patent specification, piping sys-
tems are cleaned by causing an acid, such as
hydrochloric acid or sulphuric acid, to which a
corrosion inhibitor has been added, to circulate
through them at a liquid flow rate given as 1 m/s.
Despite the presence of a corrosion inhibitor, the
surfaces to be cleaned according to this process
are attacked by the acid, and that more seriously
as higher flow rates are employed. An effective
treatment of the surfaces to be cleaned with an
acid in this fashion leads to significant concentra-
tions of ferric ions which have a marked corrosive
effect on the iron or steel wall. Corrosion by ferric
ions cannot be combated adequately by the use of
corrosion inhibitors such as hex-
amethylenetetramine, hydrazine, alkaloids and qua-
ternary ammonium compounds and may even oc-
cur to such a degree that after the cleaning opera-
tion pitting and scoring are observed in the metal
of the cleaned equipment.

Pitting and scoring are encountered especially
with unalloyed and low-alloy steels which are wide-
ly used in steam boilers. The corrosion renders the
metal surfaces rough, causing a reduction in flow
rate of the water in the evaporator tubes of steam
boilers, whereby the heat transfer is decreased and
the wall temperatures in the installation locally rise.

When combinations of a nobler and a less
noble metal are present in the equipment to be
cleaned, an intensified corrosive attack on the less
noble metal is found to occur. It is indeed possible
to reduce this intensified corrosion, for instance by
blanking off or removing the nobler metal from the
equipment before the cleaning operation, but it will
be obvious that in actual practice such a step is, to
say the least, inconvenient and often impracticable.

It has been found that when steel comes into
contact with a hydrochioric-acid bath which is kept
in motion and which contains a corrosion inhibitor
and ferric compounds, at a temperature as low as
20" C 50% of the ferric ions are reduced within two
hours to ferrous ions at the expense of the equiv-
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alent amount of steel which goes into solution. At
50°C, a normal temperature for cleaning steam
boilers, for example, this degree of corrosion is
even reached within one hour. As it may take
several hours to fill a fairly sizable steam boiler
with cleaning fluid by means of a circulating pump,
severe corrosion has already set in during the
filling. It also follows that no substantial improve-
ment can be achieved by repeated withdrawal of
the cleaning acid containing the ferric ions and
replacement with fresh acid, quite apart from the
greatly increased cost.

The Dutch patent specification no. 155 315
proposes that in a cleaning fluid which is pumped
around in the interior of iron or steel equipment for
the removal of rust, for example, and which con-
tains water, an acid and a corrosion inhibitor, in
addition a stannous salt be dissolved and that the
composition of the cleaning fluid be controlled dur-
ing operation by measurement of the redox poten-
tial. In this system, the addition of fresh stannous
salt, as the need arises, during operation serves as
a means to keep the redox potential of the cleaning
fluid below a limiting value which, when measured
with a platinum electrode against a saturated
calomel-KCl electrode, amounts to 280 mV. In the
Dutch patent specification no. 155 315 the pre-
ferred stannous salt soluble in the cleaning fluid is
stannous chloride and the preferred cleaning acid
is hydrochloric acid.

The process described in the Duich patent
specification no. 155 315 has the disadvantage that
it is hardly, if at all, applicable in a great many
industrialized countries, because siringent environ-
mental requirements practically preclude the use of
stannous salts, whilst the discharge of tin-contain-
ing substances is even prohibited.

The object of the present invention is to pro-
vide an environmentally acceptable process for the
cleaning during idle periods of metallic, for exam-
ple iron or steel, internal surfaces of equipment
used in the chemical industry, in such a fashion
that no corrosions of the surfaces to be cleaned
occurs. To achieve this goal, a process of the type
mentioned hereinbefore is according to the inven-
tion characterized in that the cleaning fluid is
passed through a reduction filter disposed outside
the equipment, which filter contains a substantially
metallic packing with the highest practicable
surface-to-weight ratio, and that the composition of
the cleaning fluid is controlled during operation by
measurement of the redox potential, which is main-
tained below a limiting value and amounts to nearly

_ 280 mV or less, when measured with a platinum
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electrode against a saturated calomel-KCi elec-
trode. The use of the substantially metallic (for
instance, steel, iron or aluminium) packing, which is
preferably steel wool with a surface-to-weight ratio
of e.g. 15 m?kg, ensures that ferric ions formed
through the action of the acid are very effectively
reduced to ferrous ions. Thus, corrosive attack on
the surfaces to be cleaned is obviated in an envi-
ronmentally acceptable manner.

One embodiment of a process according to the
invention is characterized in that the packing con-
sists of fine-pored steel wool, iron powder or alu-
minium powder.

A further embodiment of a process according
to the invention is characterized in that the redox
potential is measured in a filtrate of the reduction
filter.

The process according to the invention can be
carried out in practice as follows. After calculation
of the overall surface area to be cleaned of, for
instance, a steam boiler the reduction filter is pro-
vided with a steel-woo! packing having a surface
area at least ten times as large. Thereupon the
poiler is filled with a one-percent inhibited
hydrochloric-acid solution which is circulated at
room temperature, i.e. 20° C, at a rate in m%h at
least four times as high as that of the contents of
the boiler. This procedure ensures that the iron
oxides slowly pass into solution whereas the ferric
compounds are quickly reduced. Then, the acid
concentration is slowly raised to the requisite level,
normally 4 to 5%. The outlet for draining the clean-
ing acid from the steam boiler (suction line -
circulation pump) must be disposed as low as
possible, such that the hydrochloric acid, which
may be rich in ferric ions, can be discharged most
quickly to the reduction filter. In order to accelerate
the cleaning process, the temperature of the cir-
culating acid may, if desired, be raised to, say,
50" C.

After the cleaning, the hydrochloric acid is neu-
tralized with sodium hydroxide to a pH of 7 or 8,
whereby sodium chioride and water are formed. In
the treatment of the neutral sodium-chloride-rich
waste water, the iron compounds present are
quickly oxidized to ferric compounds, which does
not give rise to environmental problems. As a mat-
ter of fact, the corrosion inhibitor is biologically
degradable, hence also ecologically acceptable.

It is to be noted that the process according to
the invention makes it possible to clean the internal
surfaces of industrial equipment without any corro-
sive attack, when constructed in any of the follow-
ing metals: steel 37; carbon steel 50-60; 1% Cr -
3% Mo steel; 5% Cr - £% Mo steel; copper; brass;
aluminium brass; cast bronze; copper nickel 90-10;
copper nickel 70-30; inconel; nionel; nickel; monel;
hastelloy.
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The invention also relates to a reduction filter
suitable for use in a process according to the
invention, which reduction filter is characterized in
that it substantially comprises a vessel with mutu-
ally spaced strainer discs between which the sub-
stantially metallic, for example iron or steel, pack-
ing can be contained, which vessel is provided
very nearly at the location of either end with an
inlet and an outlet port, respectively, for the clean-
ing fluid.

One embodiment of a reduction filter according
to the invention is characterized in that the packing
in the form of roll-up mats can be coiled round a
core of the vessel between the mutually spaced
strainer discs.

A further embodiment of a reduction filter ac-
cording to the invention is characterized in that the
reduction filter is transportable. In consequence,
the process according to the invention can be
flexibly operated, for instance on board of (sea-
going) vessels.

A reduction filter and a process according to
the invention will now be elucidated further with
reference to the accompanying figures 1 and 2.

Figure 1 represents a reduction filter in the
form of a vessel 1 which has been made of a
pressure-resistant material that is impervious to
acids up to a temperature of at least 70°C. As
regards pressure resistance, it is to be noted that
the vessel 1 must be capable of withstanding a
pressure of at least 3 bar. To ensure durability, the
vessel 1 should preferably be made in a glass
fibre-reinforced acid-proof polyester.

The vessel 1 is provided with two detachable,
fixed or movable strainer discs 2, 3, preferably
consisting of perforated polypropylene trays, whilst
fine steel-wool mats 5 have been coiled round a
core 4 of the vessel 1. The cleaning fluid which
contains water, an acid and a corrosion inhibitor is,
after having been pumped through the interior of
the equipment to be cleaned, introduced through
an inlet 6 (arrow 7) into the vessel 1 and, after
having been filtered, passes through an outlet 8
(arrow 9) to the interior of the equipment to be
cleaned.

The vessel 1 has a drain cock 10, permitting
check measurements to be carried out in the cir-
culating cleaning fluid. By means of this drain cock
10 the cleaning fluid may be discharged, if neces-
sary. Inside the drain cock 10 a hose may be
connected for the continuous measurement of re-
dox potentials, the determination of the non-cor-
rosivity of the cleaning fluid and the removal of air
bubbles, if any.

When the need arises to replace the steel wool
5 or to neutralize the cleaning fluid, this fluid is
passed, for instance by means of a three-way cock
mounted near the inlet 6, direct through the core 4
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- instead of over the steel wool 5 - and then
withdrawn. The cleaning fluid is neutralized with, for
instance, caustic soda or anocther base, whereupon
it is processed by a waste-water purification plant.
In actual practice, it has not been found feasible to
neutralize the cleaning fluid during its passage over
the steel wool 5, because in that case the fine-
pored steel wool 5 would have become clogged
and unsuitable for further use.

Provided that the appropriate inhibitors are
used, the reduction filter removes harmful ferric,
cupric, cuprous and other corrosive ions from hy-
drochloric acid (at concentrations of 0.5 - 15%), but
also from the cleaning acids:
hydrofluoric acid (at concentrations of 0.5 - 10.0%),
sulphuric acid (at concentrations of 0.5 - 20.0%),
citric acid (at concentrations of 3.0 - 15.0%),
phosphoric acid (at concentrations of 1.0 - 10.0%),
hydroxyacetic acid (at concentrations of 1.0 -
10.0%),
formic acid (at concentrations of 2.0 - 15.0%),
sulphamic acid (at concentrations of 1.0 - 15.0%),
ethylenediaminetetra-acetic acid (at all usable con-
centrations), '
and from mixtures of these acids or their salts.

Figure 2 affords a clear picture of the con-
ditions that may occur during chemical cleaning of,
for instance, a fouled steam boiler with inhibited
hydrochloric acid, without specification of the rel-
evant corrosion values which have been estab-
lished.

When cleaning is carried out according to the
process of the invention, the redox potential will be
280 mV or lower, which means no corrosion ("safe
area; no attack").

Even when only 0.5 g of ferric ions per litre is
present in the cleaning acid, as will occur with
many known cleaning procedures by a conser-
vative estimate (redox potentials of 300 to 400
mV), corrosion will manifest itself ("slight attack").

During cleaning tests according to the
"classical" process, redox potentials of 500 mV
and over were observed, which were invariably
attended with serious to very severe corrosion of
steel and other construction materials ("serious at-
tack to very severe corrosion").

Claims

1. A process for the cleaning during idle
periods of metallic, for example iron or steel, inter-
nal surfaces of equipment used in the chemical
industry, in which a cleaning fluid containing water,
an acid and a corrosion inhibitor is pumped
through the interior of the equipment at a flow rate
of at least 0.5 m/s, characterized in that the clean-
ing fluid is passed through a reduction filter dis-
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posed outside the equipment, which filter contains
a substantially metallic packing with the highest
practicable surface-to-weight ratio, and that the
composition of the cleaning fluid is controlled dur-
ing operation by measurement of the redox poten-
tial, which is maintained below a limiting value and
amounts to nearly 280 mV or less, when measured
with a platinum electrode against a saturated
calomel-KCl! electrode.

2. A process according to claim 1, character-
ized in that the packing material is selected from
the group of steel, iron and aluminium.

3. A process according to claim 2, character-
ized in that the packing consists of fine-pored steel
wool, iron powder or aluminium powder.

4. A process according to any one of the
preceding claims, characterized in that the redox
potential is measured in a filirate of the reduction
filter.

5. A reduction filter suitable for use in a pro-
cess according to any one of the preceding claims,
characterized in that it substantially comprises a
vessel with mutually spaced strainer discs between
which the substantially metallic, for example iron or
steel, packing can be contained, which vessel is
provided very nearly at the location of either end
with an inlet and an outlet port, respectively, for the
cleaning fluid.

8. A reduction filter according to claim 5, char-
acterized in that the packing in the form of roll-up
mats can be coiled round a core of the vessel
between the mutually spaced strainer discs.

7. A reduction filter according to claim 5 or 6,
characterized in that it is transportable.
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