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THE TASK

The growing need for carbon fibers and their composites is

based on the sensational lightweight construction properties of

these materials. Aside from their high strength at concurrently

low densities, they also exhibit a high resistance to corrosion as

well as a good damping capability. The price of carbon fibers is

determined by the production process and the system costs. The

carbonaceous fibers (primarily made from polyacrylonitrile, PAN)

must be oxidized and carbonized in order to develop a graphite-

like structure. Through the carbonization, the fibers reach a

higher strength and stiffness.

With increasing treatment temperature, the relative carbon

content of the fibers rises. At the same time, the efficiency of

industrial installations and thus the process efficiency decreases.

Alternative treatment methods are therefore important variables

for cost reduction and the increase in the efficiency of carbon

fiber production. The greatest potential is seen in a reduction

of the duration of treatment at concurrent reduction of system

dimensions.

PLASMA TECHNOLOGY FOR THE EFFICIENT
PRODUCTION OF CARBON FIBERS

alternative heating method and the associated increase in the

diffusion rate, a considerable increase in efficiency is possible.

However, a requirement for this is that no damage to the fibers

is sustained and the carbonization process takes place under

inert atmospheres. If oxygen enters during treatment in the

process room, the fiber quality significantly deteriorates.

At Fraunhofer IWS Dresden, a new low-pressure microwave

plasma system was developed in a publicly funded project. It

enables the carbonization of pre-oxidized PAN-fibers within 

10 minutes. The core of the system is a linearly extended cavity

with a present length of 400 mm. Inside, it houses a quartz

glass tube with a diameter of 70 mm, through which the fibers

are fed. On two opposite sides of the cavity, microwave radia-

tion is coupled into the quartz glass tubes filled with a nitrogen-

argon mixture. Through this, it is possible to generate a micro-

wave plasma in the cavity, which carbonizes the fibers through

a combination of radiation of various wavelength ranges. The

special feature of the developed process is the short processing

time of the fibers through the interaction with the microwave

plasma.
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OUR SOLUTION

Conventional carbonization is

associated with very low heat-up

rates in the lower temperature

region, because oxygen, nitrogen,

hydrogen and their compounds

diffuse out from the material, and

thus the carbon content in the ma-

terial increases. With an increase

in the heat-up rate through an 2
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In conjunction with the small size of the system, the fiber

throughput is considerably increased and the costs are mini-

mized. Argon and nitrogen are used as process gases. 

A further development of this system concept for inline capable

fiber processing is currently being built and investigated at IWS.

The new system works with the “Injected Phase Locking”

process, which enables a phase-synchronous coupling of micro-

wave radiation. This is necessary for scaling up the plasma

source. The plasma power density can be controlled and thus,

depending on the degree of carbonization, generate the opti-

mum energy input into the fibers.

RESULTS

The PAN-fibers are pulled in a lengthwise manner through the

cavity with defined tension. This pre-tension provides a preferred

direction for the development of the graphite layers, which

increases the strength of the fiber.

The fiber strength is characterized by measuring the tensile

strength of single fiber filaments. By varying the microwave

power, the spread of the plasma, and thereby also its effective

range, can be influenced. By changing the pressure, the intensity

of the plasma is varied, which has effects on the temperature in

the cavity. The total gas flow and the gas composition influence

the fiber characteristics as well. Through the microwave plasma

treatment, the strength of the fibers can be substantially in-

creased in comparison to the untreated raw material. At a

microwave power of 1150 W applied for 7 minutes, the strength

of the raw material could be increased from approximately

300 MPa to a medium tensile strength from 1200 MPa up to

1800 MPa. 

The work was carried out in the project “Energy-Efficient 

Production of Carbon Fibers by Means of Microwave Plasmas”

(FKZ: 100154468/2894) in cooperation with SITEC Automation

GmbH, financed by funds from the European Union and the

Free State of Saxony.
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