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1. Introduction

Carbon fibers and activated carbon fibers are produced by
carbonizing a raw material such as poly(acrylonitrite) (PAN) fiber
[1,2]. Carbon fibers are excellent reinforced materials for
composites, are now important industrially and have gained a
wide range of applications in the industrial and engineering fields,
from sport articles to the aerospace industry [3,4]. Activated
carbon fibers have received increasing attention in recent years
as an absorbent, filter, etc. for filtering automobile gasoline,
deodorizing tobacco smoke, recovering solvents and purifying
water [5–7]. PAN fibers have been found to be the most suitable
precursors for making high-performance carbon fiber [8–10].

For instance, the preparation of semi-conducting carbon fiber
by pyrolysis of PAN precursors has been described [11].

An important step in preparing carbon fiber from the PAN fiber
is to heat the precursor at 200–300 8C in air or in an oxygen-
containing atmosphere, i.e., the stabilization of fiber. Subse-
quently, carbonization and graphitization is carried out at higher
temperature in an inert atmosphere to obtain a particular type of

carbon fibers. The reaction steps involved in the formation of
stabilized PAN (fibers) have been studied and confirmed by several
authors [4,8,12,13,14–19]. During subsequent carbonization in a
non-oxidizing atmosphere, oxygen atoms and hetrocydic nitrogen
are split off and planar polyaromatics are formed. All these
stabilization and carbonization reactions result in volatile by
products according to the previous results of Fitzer et al. [4]. Some
mass loss from chain scission and elimination of HCN and NH3

accompanies the cyclization reactions [8]. Oxygen, which is added
and is present during stabilization, is mostly present as –OH and
C O groups. However, some authors have suggested that oxygen
attached to the imines nitrogen atoms to give a nitrone (N–O)
moiety based on infrared spectroscopy and model compound
studies [20–22].

In other studies when PAN-based products were considered,
contrary to the trends observed for pure PAN, evolution of HCN and
the degradation products due to the hemolytic cleavages of the
polymer backbone continued throughout the pyrolysis indicating a
significant increase in their production even at the final stages of
pyrolysis [23]. On the other hand, the yield of thermal degradation
products associated with decomposition of the unsaturated cyclic
imines segments decreased. Although doping by ion implantation
has not been applied to polymers until late 1980s, current findings
have shown that conductivity values as high as 10 V cm�1 can be
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A B S T R A C T

Infrared (IR), Auger electron spectroscopy (AES) and X-ray photoelectron spectra (XPS) of pristine,

pyrolyzed, and ion-implanted poly(acrylonitrite) (PAN) samples were obtained in order to correlate the

structural changes accompanying pyrolysis and implantation with the electrical properties of the

respective PAN products. The results show that PAN is first converted to a polyconjugated heterocyclic

ladder structure at a temperature of 435 8C and then to a graphite-like structure at temperature above

750 8C. Pyrolysis studies took place in a temperature range of 350–750 8C. IR studies showed that upon

heat treatment at 435 8C, major structural changes occur as indicated by the complete disappearance of

the nitrile and methylene absorption bands and the formation of new bands. The degree of conjugation in

pyrolyzed PAN can be selectively controlled by the proper choice of the heat treatment temperature.

From the studies, ion implantation causes extensive nitrogen depletion and the nitrogen chemical state in

the implanted sample is different from that found in the pyrolyzed materials. Upon ion implantation, the

component assigned to the nitrogen in a sigma bonding state (401.27 eV) increased in intensity (46%)

relative to the intensity (27%) of the component for which nitrogen is in a hetroaromatic structure. Both

AES and XPS analysis showed the variation of C:N ratio as a function of heat treatment.
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