How coatings make a difference

Emissions reduction

Soaring oil prices and challenging emission regulations in the near future demand significant
efforts on the part of engine builders to bring down emission levels. Both developments have
attracted the notice of the Sulzer Metco cylinder bore coatings specialists in various markets.
Complete coating solution packages have been defined for different market segments and are
being marketed under the name of SUMEBore™. Recently, Sulzer Metco made a breakthrough
and sold a large SUMEBore package to a European truck manufacturer.

Emission limits in different engine sectors

Comparison of emission reduction requirements
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ore than 15 years ago, Sulzer
Metco started developing
materials and application

processes to coat the cylinder walls of
combustion engines. The goal was to
decrease friction, increase fuel economy,
and reduce oil consumption. However,
with the low oil prices during the
nineties and at beginning of the new cen-
tury, the interest in the market to adopt
the technology was low. Only one car
manufacturer began applying an iron-
based cylinder coating.

Euro 3: Oct 00, Euro 4: Oct 05, Euro 5: Oct 08

Trends in diesel engines

Diesel engines have long been popular in
bigger cars and this popularity is now
spreading to smaller cars. The diesel
engine has undergone a technical revolu-
tion over the last twenty years. With the
benefit of modern technology, today’s
diesel engine with a rating of 150 horse-
power (hp) delivers basically the same
performance, in terms of acceleration
and actual top speed, as a turbocharged
gasoline engine of up to 200 hp, but with
significantly lower fuel consumption
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and carbon dioxide emissions. Diesel
engines have a high thermal efficiency,
which leads to low carbon dioxide emis-
sions. The main problem of diesel
engines is the emission of nitrogen
oxides (NOy) and particulate matter
(PM). These two pollutants are traded
against each other in many aspects of
engine design. Very high temperatures in
the combustion chamber reduce PM
emissions but, on the other hand, pro-
duce higher levels of nitric oxide (NO).
By lowering the peak temperatures in the

[2] Corrosion attack of a cast-iron cylinder
wall above the first compression ring reversal.
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[3] Example of SUMEBore™ coating
equipment for remanufacturing of
medium-speed diesel cylinder liners.

combustion chamber, the amount of NO
produced is reduced, but the likelihood
of PM formation increases.

An additional challenge facing the
diesel car is the quality of diesel fuel.
Sulfur in the fuel causes the exhaust to
smell, is incompatible with the necessary
exhaust aftertreatment technology, and
can cause corrosion on the cylinder liner
and the piston. The use of low-grade
fuels can lead to serious maintenance
problems because of their high sulfur
content. The challenge is more pro-
nounced in marine diesel engines, as the
allowed sulfur content in the fuel is much
higher than in fuel for on-highway appli-
cations.

[4] The Sulzer Metco SUMEBore™ materials toolbox
for cylinder bore coatings.
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Legislation forces the pace

In recent years, legislation concerning
the emissions of diesel passenger cars
has become increasingly restrictive, espe-
cially for NO, and PM. This trend is pre-
dicted to continue in all different engine
sectors as shown in [1]. One way the car
industry is reacting to these require-
ments is by pushing the use of light-
weight components, replacing steel or
cast iron. The substitution of cast-iron
engine blocks is an important part of this
development. Even diesel engines—
which continue to gain a substantial
increase in market share in Europe—are
now being cast in aluminum, although
diesel engines run at up to three times the
pressure of gasoline engines. Progress in
aluminum alloy development and new
casting techniques lead to improved
material properties that enable alu-
minum to meet the requirements. The
ability to produce high-quality alu-
minum engine blocks opens a large win-
dow of possibilities, especially bearing in
mind that nearly 50% of all new cars in
Europe have diesel engines. Apart from
reduced emissions, this growth is accom-
panied by requirements such as lower
fuel consumption, larger power output
and torque, and, especially in passenger
cars, more compact engines due to space
limitations.

Weight reduction

The highest weight reduction on a crank
case of a passenger car can be achieved
by completely replacing the cast iron
through aluminum, also omitting any
cast-in cast-iron liners. This task can be
solved by applying a hypereutectic high-
silicon-containing
which is expensive, is difficult to cast,
and requires special honing techniques

aluminum  alloy,

or by using a cheaper aluminum alloy
with good castability and putting a ther-
mally sprayed, protective coating direct-
ly on the aluminum cylinder wall. This
will minimize the necessary bore-to-bore
distance and will lead to a very compact,
lightweight design of the crank case.
Here, the Sulzer Metco SUMEBore coat-
ing solution comes into play and offers a
low-cost, mature technology that has
proven its reliability and its effectiveness.
More than three million cylinder bores
have been coated over the past five to six
years, mainly in diesel engines of passen-
ger cars but also gasoline engines of high-
performance streetcars and a variety of
race engines from F1, GP2, NASCAR,
and DTM to LeMans LMP1 diesel,
MotoGP, and so on.

Wear in the cylinder

A thermally sprayed coating on the cylin-
der wall is exposed to a variety of differ-
ent wear mechanisms at work in a diesel
engine, such as scuffing and scoring, cor-
rosion, carbon deposits on piston and
combustion chamber, abrasion by soot
and high ash content, and so on. Diesel
fuel contains sulfur. Even low-sulfur
diesel fuel contains 300 to 400ppm of
sulfur. When the fuel is burned in the
engine, this sulfur is converted to sulfur
oxide (SOy). In addition, one of the major
products of the combustion of hydrocar-
bon fuels is water vapor. Therefore, the
exhaust stream contains NOy, SO, and
water vapor. In the past, the presence of
these substances was not problematic
because the exhaust gases remained
extremely hot, and these components
were exhausted in a gaseous state. How-
ever, when the engine is equipped with
an exhaust gas recirculation (EGR)
system to reduce NO,, the exhaust gas is
mixed with cooler intake air and recircu-
lated through the engine. The water



[5] Coating of a cylinder bore of a diesel
engine with the F210 APS gun.

vapor condenses and reacts with the NO,
and SO, components to form a mist
of nitric and sulfuric acids. This phenom-
enon is further intensified when the
EGR stream is cooled before it is returned
to the engine—cooled EGR. This can lead
to significant corrosion damage in the
cylinder in very short time as can be seen
in [2].

The SUMEBore™ coating solution

Sulzer Metco offers a complete solution
package to address such challenges in the
cylinder liners. The package consists of a
production system, which is highly stan-

(6] Metallographic section of a corrosion
resistant MMC coating for heavy-duty diesel
applications (as sprayed).
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dardized for this specific market seg-
ment, tailored coating materials, and
extensive know-how for the industrial-
ization based on more than ten years of
experience with the SUMEBore technolo-
gy in different markets. The market seg-
ments covered range from small engine
blocks (passenger cars), to high-speed
diesel engines/liners (trucks), up to
medium- and low-speed diesel engine
liners with bore diameters exceeding
500mm. An example of SUMEBore equip-
ment designed to address the market for
the remanufacturing of medium-speed
diesel engine liners is shown in [3]. Sulzer
Metco has developed a full range of ther-
mal-spray coating materials that can be
applied on cylinder walls, all of them
exhibiting low friction and offering pro-
tection of the surface against scuffing,
corrosion attack, and abrasive wear. The
materials toolbox is shown in [4]. The
materials can be applied to steel, cast
iron, aluminum, or magnesium surfaces.
These coating materials are used as pow-
ders, offering the highest flexibility of
customizing the compositions to cus-
tomer needs at the lowest cost. The pow-
ders are alloyed metal powders or metal
matrix composites (MMC) blended from
metal and ceramic powders or pure
ceramic compositions. The most promis-
ing compositions—currently ~widely
applied in the heavy-duty diesel
market—are MMCs with a ceramic
content of more than 30% by weight.

Materials and equipment

The materials are applied using an air
plasma spray process (APS). There are a
number of different plasma guns to best
cope with the full range of the cylinder
bore sizes. They ensure fast deposition of
the coatings, high deposition rates, and a
very stable process. The guns with the
highest performance can spray powder
in excess of 500 g/min. The F210 plasma
gun for the coating of small cylinder
bores is shown in [5]. A typical metallo-
graphic cross section of a corrosion-resis-
tant and highly abrasion-resistant MMC
coating on a cast-iron liner of a heavy-
duty diesel engine is shown in [6]. Figure
shows a large liner of a diesel locomo-
tive with a 317.5mm diameter bore after
coating application using a high perform-
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Large bore liner (317.5 mm diameter) after coating.

ance plasma gun and a feed rate of
500g/min.

Sulzer Metco has the knowledge of the
complete process from premachining,
through washing, surface activation,
plasma coating, and smooth-surface fin-
ishing by diamond honing (mirror finish-
ing). In order to be able to offer the com-
plete process, Sulzer Metco has entered
into partnerships with suppliers of all
necessary equipment that Sulzer Metco
does not produce in house.

Sulzer Metco, with its global presence,
is able to supply a customized, industrial-
scale SUMEBore solution package to
almost any part of the world, including
the necessary process support and main-
tenance on site.
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