SIGRABOND
carbon fiber-reinforced
carbon

Highest stiffness and resistance for temperatures of over 2000 °C:
SIGRABOND C/C allows for thin designs and maintains the dimen-
sions of your product. Our design team uses state-of-the-art
methods including FEM simulation to develop the most efficient
solution for your high-temperature application.

SIGRABOND Performance charging system
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Component development,

production, and design

Fully-integrated production

As the only manufacturer of fiber composites, we cover all
stages of production, from the fiber to the finished compo-
nents. We offer you outstanding system solutions because

of our uniqgue market expertise. We develop, design, and
manufacture high-performance components made of carbon
fiber-reinforced carbon [C/C] that is tailored to your specific
requirements.

The highest bending stiffness on the market

SIGRABOND Performance is the C/C material with the highest
bending stiffness on the market. You can thus use your furnace
capacities to the fullest extent. Your employees also benefit:
The much lower weight - compared to solutions using metal
materials - results in a much improved ergonomics.

SIGRABOND Performance with highest stiffness

Qualitative comparison of modulus of elasticity = SGL Carbon

measured in bending test
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1 SIGRABOND heater produced via filamentwinding

C/C plates for components and system solutions

Our portfolio also includes C/C plates based on carbon fiber
meshes or unidirectional carbon fiber cores. We produce
these in thicknesses of 0.8 to 30 mm, in the 2450 mmx 1220
mm format. Large-format plates are best suited for producing
cost-optimized components and system solutions. We also
manufacture profiles and mounting elements for equipping
furnace chambers.

Round components with targeted properties

In addition to plate structures, we also produce round compo-
nents with targeted properties using winding technology. Wind-
ing processes also enable us to efficiently achieve high wall
thicknesses. Fabric-based tubes are produced via lamination.
These are special because of their excellent workability, even
for complicated structures, as is often required for heating
systems.
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* Corner connection as C/C and graphite hybrid design

SIGRABOND C/C charging systems

From stability even after many cylcles

Our SIGRABOND charging systems do not exhibit any signs of
material fatigue or warping - even after hundreds of furnace
cycles. The tool holders can be mechanically loaded and un-
loaded for years and years without problems. Time-consuming
and expensive manual adjustment work is eliminated, scrap
expenses are reduced, and productivity and cost-effective-
ness are increased.

Additional benefits of SIGRABOND C/C charging systems:
« Shorter process times and lower energy consumption

« Increases the system’s load capacity

« Eliminates the need to adjust the system

* Long service life

« Easy handling thanks to low weight

» Enables automated loading

More capacity with SIGRABOND Performance

With SIGRABOND Performance, we have developed a C/C mate-
rial that has been optimized for the requirements of charging
systems. High flexural modules and flexural strength enable
more streamlined system designs and increase capacity.
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1 SIGRABOND Sinter plates facilitate optimized loading compared to graphite

SIGRABOND Sinter

The cost-efficient C/C material

SIGRABOND Sinter was developed to improve batch volumes in

existing sintering systems. With this cost-optimized C/C brand,
we offer our customers the best price to performance ratio for
sintering charge carriers.

Increasing your production capacity

You can utilize your sintering systems to the fullest extent and

increase production capacity in existing systems by more than
25%. The lower thermal mass combined with the larger loading
surface ensures a homogeneous temperature distribution and

guarantees consistent product quality.

Bending strength of C/C increase with temperature

Typical hot bending strength of some high-temperature materials

Bending strength == SIGRABOND Performance
[MPa] == SIGRABOND Standard = Molybdenum
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 SIGRABOND Filwound hot pressing die for production of technical ceramics
and hard metals

SIGRABOND Filwound

Heavy-duty for use in mechanical high-pressure sintering
C/C hot press dies are indispensable for the efficient operation
of high-pressure sinter systems over 2000 °C. Increasing
requirements on products also require higher and higher pres-
sing pressures. Graphite is thus exceptionally suited for use
as a press die material. Helically-wound structures made of
carbon fibers are required for safe operation as they have the
necessary bursting resistance.

High quality and reliability

SGL Carbon is a pioneer in the manufacturing of these struc-
tures. Because of our decades of production experience, we
can guarantee you consistent quality with high reliability.
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1 SIGRABOND Filwound susceptor for 32 inch CZ crystal growth furnaces

SIGRABOND C/C heaters and C/C crucibles

Wide resistance range

Certain circumstances can make the use of graphite heating
elements in industrial furnaces complicated. This is precisely
why we manufacture heating elements made of carbon fiber-
reinforced carbon [C/C). We therefore provide laminated and
wound variants, thus covering the wide variety of necessary
resistance applications.

Not brittle and electrically conductive

The decisive advantages of using heating elements made of
C/C are the non-brittle fracturing behavior as well as the high
electrical loading capacity. The material is also absolutely
resistance to thermal shock and can easily master the highest
heating rates.

Optimized furnace volume use

C/C heaters are normally thin and help to fully utilize the fur-
nace volume. Combined with our best insulating rigid and soft
foam solutions, existing systems can be modified to increase
output.

Support for producing the purest semiconductors

Converting crystal growth systems is particularly effective.

We manufacture not only thin insulation and space-optimized
heating systems, we also produce melting crucibles made of
carbon fiber-reinforced carbon. Greater quantities of molten
mass can be handled despite the thinner wall thicknesses. This
is how you increase the performance of your systems. For your
applications in semiconductor technology, the crucible is freed
of metallic impurities, just as with rigid and soft insulation
systems. This allows us to assist you in the production of the
purest semiconductors for the semiconductor components of
tomorrow.
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Industry 4.0 - automating heat treatment

processes with SIGRABOND

1 SIGRABOND Performance C/C hybrid charging rack with ceramics for carburization protection

Dimensionally stable, even with extreme temperature
deviations

SIGRABOND Performance is exceptionally dimensionally
stable compared to steel. Even great temperature changes in
quenching processes are no problem due to the high thermal
shock resistance of our carbon fiber-reinforced carbon mate-
rials.

Because the shape of the charge carrier is retained after many
such cycles, robots are able to reliably control the component
position during loading and unloading.

Positive side effect: the reduced weight of the charge carrier.
This increases the net furnace loading.

SIGRABOND Performance has much lower density than
other high-temperature materials

Density of several high-temperature materials

Density [g/cm?]
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SIGRABOND
Performance

Steel

Molybdenum
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Automation of heat treatment processes

with SIGRASIC®

SIGRASIC - first choice for automated oil hardening
processes

Standard C/C materials reach their limits in hardening proces-
ses using oil quenching and the subsequent rinsing process.
The reason for this is the open porosity, in which the oil and
rinse media collect. During the subsequent heating phase,
these condense and contaminate the furnace atmosphere.

SIGRASIC is our solution to this problem, as the material is not
porous. In addition, it has a low weight, is stable over the long
term, and does not deform.

The batch preoxidation process that is commonly used in

oil guenching requires an oxidation resistance in the charge
carrier for a temperature of up to approx. 500°C, a requirement
that SIGRASIC also meets.

SIGRASIC is compatible with preoxidation

1 Charging rack made from SIGRASIC Performance for heat treatment
including preoxidation and oil quenching

SIGRASIC Performance features low open porosity

Maximum preoxidation temperature in heat treatment

Preoxidation temperature [°C]

Comparison of open porosity for usage in oil quenching

Open porosity [%]
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