Prevention of Fouling and Incrustation on Heat-Transfer Surfaces

Organic and inorganic deposits, scale, and other corrosive substances cause dangerous fouling on
the interior and exterior tube surfaces of tube bundles, primarily in the cooling water area. Such fouling
promotes corrosion on the tubes’ surfaces, and incrustation quickly undermines the efficiency of tube
bundles, or causes units to fail completely. Production processes are disrupted, making expensive
repairs and re-tubing of the bundles necessary.

The damage from such fouling is costing refineries and petrochemical and chemical plants billions of
dollars each year - a rising trend.

Fouling has a number of causes. The most common types of fouling that are particularly dangerous
and conducive to corrosion and incrustation are biological fouling, which is produced by living
organisms such as algae, mussels, and microorganisms settling on the tube surfaces, and coking
fouling, which is produced by the chemical reaction of solid residues such as oil sludge, salts, and dirt
particles, and is one of the most problematic type of fouling. Apart from the biological, chemical, or
physical causes of fouling, the flow velocity and the operating temperatures are additional
determinants.

Fouling impedes the heat transfer of tube bundles, with capacity being an important parameter. At the
design stage of tube bundles, the so-called fouling factor is taken into account. This is the reason that
the capacity of the tube bundle has to be increased by up to 20%, depending on the water quality.
This approach, of course, incurs additional costs. Tube surfaces become incrusted from fouling, while
corrosion to the tube material intensifies. Operators must regularly clean the tube bundies so that the
unit can continue to function. The length of the cleaning intervals depends on the amount of deposits
accumulated in the tube bundle. Cleaning a tube bundie is particularly costly and time-consuming if
incrustation must be removed. In many cases, the unit must be taken out of the plant and be
transported to a repair site where it can be re-tubed, which constitutes a considerable cost factor for
operators.

Some cleaning cost figures published by refineries in Saudi Arabia, Korea, and southern Italy confirm
the high cleaning costs caused by fouling and incrustation. The annual total lies between US$8 and
$20 million. depending on the capacity of the refinery. The figures for each heat exchanger range from
US$30,000 to $40,000 per year. Under these conditions, treating the heat exchangers with a heat-
cured coating is a better alternative and a more economical solution.

Because of heavy fouling, the units have to be built over-sized, again involving considerably higher
investment costs. Although the stronger flow velocity induced by incrustation may remove some of the
deposits, it also reduces the cooling performance and thus the efficiency of the tube bundles.

Fouling and incrustation can be reduced by changing the flow velocity, the kind of cooling water, and
the quality of other materials. Hence, by adjusting these parameters, the designer can economically
optimize a tube bundle.

Technical alternatives offer some chance of reducing fouling, but can never prevent it.

Thermal coating of the tube side of the tubes and, in some cases, the shell side prevents fouling and
incrustation to the tube bundles over the long term. Thermal coating obviates the need to take flow
velocity, pressure drop, tube surface temperature, and materials into special consideration. These are
factors those influence fouling in uncoated tube bundles and those ordinarily have to be considered at
the design stage. The only condition is that flow velocity be kept at 1.5-2.5 m/sec.
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Carbon steel can be used as a better, more economic alternative in coated tube bundles.
The following explains why thermally coated tube bundles are essentially superior:

The heat-cured coating is applied in a flooding process, in 6-8 individual layers, each of which
is pre-cured at temperatures between 120 and 150°C in special polymerization furnaces. After
the last individual layer is applied, final curing is carried out at 220°C. With this coating
technology, a homogenous, hydrophobic, rigidly elastic, and non-porous surface of a total
thickness of 180—200 um can be achieved. The coated tube floors and surfaces are inspected
with measuring probes. Due to the low total layer thickness, the slightly (7%) reduced heat
transfer coefficient can be disregarded in the specification and design of tube bundles (no
fouling factor), especially since the heat transfer in uncoated tube bundies can significantly
deteriorate due to fouling or incrustation, even after a short period of operation. Furthermore,
the friction resistance for flowing media is reduced as well.

2. The heat-cured coating materials Si 14 E and Si 57 E—duroplastic polycondensates that we
have developed in-house—are highly anticorrosive against all kinds of water, including sea
water and brackish water, and against many chemical media, at temperatures up to 200°C.
This high temperature resistance is the result of a special heat-curing process applied to the
protective coating.

These heat-cured coatings, which have been used for more than 50 years, are also resistant to many
aggressive media.

Depending on the particular type, heat-cured coatings are physiologically harmless, pressure resistant,
and can be exposed to continuously high temperatures.

These heat-cured coatings are used in the oil industry, in the petrochemical and chemical industry, in
fertilizer plants and in pharmaceutical industries as well as in the food producing and processing

industry.
This heat-cured coating technology can reduce investment and operating costs by a significant
margin.

in July, 2005

SAKAPHEN GmbH
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