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Types of carbon fiber (Pitch and PAN Precursor Materials)
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Pitch = cheap, lower tensile strength

PAN= more expensive, superior properties
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Outline of the PAN based carbon fiber process
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Outline of the PAN based carbon fiber process
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« Qutline of the PAN based carbon fiber process

> Running direction




Tensile Strength (MPa)

Grades of PAN based carbon fiber

Mechanical Properties

Mechanical Properties of PAN based Carbon Fibers
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Grades of PAN based carbon fiber

Applications

Tensile Strength (MPa)

Mechanical Properties of PAN based Carbon Fibers

& some typical applications.
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Stages of the carbon fiber process

Precursor

RAW MATERIAL -CH,-CH- CH,-CH-
FPAMN Precursor | |

CN CN

Specially developed PAN (PolyAcryloNitrile) fibers for the carbon fiber industry, using traditional technologies of acrylic
textile fiber manufacture.

Most carbon fiber companies manufacture their own precursor, using in house technologies. Variables include type of
solvent, type and amounts of co-monomers, degrees of fiber shrinkage and stretching in the manufacturing process.

For high performance carbon fibers, the fibers are collected in bundles of 1000 (1K) to 24000 (24K) filaments. The
bundle of filaments is commonly referred to as a “tow”.

PAN tows are usually supplied on spools of up to 50kg weight. These are placed on a precision creel to allow one tow
to run next to another to make a towband or sheet of tows, which are transported through the carbon fiber process.

For the manufacture of lower grade carbon fiber, some commercial textile acrylic fibers are supplied in boxes of up to
300kg weight. These contain a continuous crimped sheet of up to 350000 filaments. Several of these “heavy tows” are
transported together though the carbon fiber process in a towband. Not all commercial textile acrylic fibers are suitable for
conversion to carbon fiber.



Stages of the carbon fiber process
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Stages of the carbon fiber process

Oxidation Plants
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Stages of the carbon fiber process

Carbonization
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Stages of the carbon fiber process

Carbonization Plant




Stages of the carbon fiber process

Carbonization Plant

PRE-
CARBOMNLZATION
{H; 1o 1100°C)

» Oidized PAN fiber pass through the meatal muffle of a fumace, multi-zone heated up to
1100°C.

+ Weight loss of up to 50% of the ingoing fiber occurs. The gasses evolved are mainly
compounds of cyanide, which forms tarry gasses, which are incinerated directly after exhaust
fram the furnace.

» Roller drives before and after furnace enable a specific, stretch or shrinkage to be set in the
process.

CARBOMIZATION
{N; 1o 1800°C)

« The product exiting the pre-carbonization furnace is a low quality carbon fiber. Further
processing in the carbonization furnace, induce the praparties of strength, modulus, electncal
conductivity and fiber density.

» Pre-carbonized fiber pass through the graphite muffle of a furnace, multi-zone heated up to
1800°C. The conditions in the (pre) carbonization process can be varied for the manufacture
aof high strength and intermadiate modulus carbon fiber.

= For high modulus carbon fiber a third heat treatment in Argon up to 3000°C is used



Stages of the carbon fiber process

Surface Treatment/Washing
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Stages of the carbon fiber process
Sizing/ Winding
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= Carbon fiber strands are pre-dried prior to sizing. This helps ensure a uniform “pick up™ of sizng.

= A typical sizing is a dispersion of waler and small epoxy particles. The water is dried off, to leave the filameants
coated im an epoxy fitm. This enables ease of handling during further processing of the fiber (e.g. prepregging). Mon,
and modified epoxy sizings are available for specialist applications. Winders can produce finished spools of up to 12
kg im weight.



Stages of the carbon fiber process

Winding Units
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200 TPA production line in China (PRC)

Carbon fibre:

a new player enters the scene

Sometime in April 2005, a polyacrylonitrile and carbon-fibre production plant will
start up at Benghu, in the Anhui province in Eastern China - a big first, because
carbon-fibre production sites in China have never before produced their own

polyacrylonitrile precursor.

he praject thar Ching Worldbest
I Gromp Co, (CWGC) started

about ten years age is coming w
an end CWIGC is 8 mgoup of companies
that specialize in life sciences, textlbes and
logistics With 3+ subsidiaries and affiliates
in Ching and oversess, imchading foor
publicly-owned companies, the grmap
hoasts world-class equipment, technolbogy
and mamagement.

An instructive pretiminary
project

“The faci then the project strerched

om For vearly ten years, from the initial
disciessions to the Anal start-np of

the plant, will have been the main
dilficuliy we've had w deal with in this
company,” confided Mr. Wang Gang,
the general manager lor Anbui Huswan
Carbon Fiber Co (a subsidiary of the

Sl

aind Ma. i Hui Chon, ch

Mr, Wang Gang. generad mattaysre forhrmal Huasan Cads

Shanghal Worldbest Investmment Dieve-
h]ﬂﬂl!ﬂl‘:ﬂ.ufﬂltmm,and
Ching’s leading carbomefibme produaces).
during our interview. Another prohlem is
that it was the first of its kind in China.
Mr. Gang, who hes been with the project
from the beginning, is also in charge

of future developments. Another big
problem was 1o find a technology:

The carbon-fibre marker, and more
specifically polyacrylonitrile (PAM,

15 very closed — there are very few playrrs,
amd kmow-how is jealously watched over.
To set up its project, WG sipned.

an agreement in July 2003, The agreemnent,
waorth 115525 milllon, is with AMEC,

a0 international engincering services firm
that works with Applied Composite
Engineering Trd, AMEC is the techmical
partner for the project. According o
them, the plant will produce “palyacry-

Fiker Caond haad of tha praject,
eroremisl st Shanahal Worldbas) e stirent Oevelaprment Co -
a divizinn ol CWRE — whick is Hrar<ing e pragect

J  JEC - Composites / nid=E Decamber 2004

lonitnile precursor, which is then con-
verted into carbon-fbee yarn. The plant
comprises raw-taterin] storage and
preparation, and batch polyenetization
processing by the conversion

of acrylanitrile monomer thte polyaco-
Tonitrile. The polymerized product ks spun
ino a yarn and further processed, and
then dried 1o form PAM precorsor.

The PAN fibre is collected onto hobbins
and farther processed by the applicavion
of inereased levels of heatlig in o controlled
atmosphere wo form the final carbon-fibre
product”

Anhol Huswan Carbon Fiber Co will be
Chinak first PAN producer. In the imital
stage of the pmjecs, the objecuve is seq
aL H¥) gons. of carbon Abee and 300 tons
of Protemseena. The site is alse scheduled
Lo prodhuce prepreg matetial.

Mr. Gang wikd 1w that the carbon fibee
proshuced at Benghu ks vype 120, destined
for the basic needs of local markess.

He went on 1o point oot that *although
no contruct has been signed yer, we have
established a large number of contacrs *
and specified that “for the e being,
our two main objectves are to control
production and lower prodoction costs.™
About a hundred gualified people have
been hired o carry our production.

A booming market

The invesonent is the resule of an actve
miarket and increasing derwand For carben
fibre, The Chinese market has contnned

in 1996 o 1,200 tons in 2000, and more



Production Plant
200 Tonnes per Year of 12K
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» The oxidation part of the process use the most energy.

» Low cost (heavy tow) manufacture is more efficient than
small tow manufacture because more fibers can be loaded
into the oxidation.

* Newer lines are replacing electricity with heat exchange oil
heated by a waste energy from a central incinerator, backed
up by electricity or gas. This can have processing complications
especially if a fire in the oxidation occurs.



