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ABSTRACT 
 
 A reviewed study of the influences of carbon fibres structures on the acquired properties are thoroughly 
investigated. Structural influences are adopted via some important mechanical, thermal and electric properties. 
Skin-core texture of carbon fibres reveal some optical activity which arises from preferred orientation in the 
fibre structure.Tensile strength and tensile failure can be acquired from the perfect quality control of carbon 
fibre production. Carbon fibre is considered as linear elastic. The compressive fracture changes from a shear to a 
microbuckling mode with increasing the fibre anisotropy.The relation between the thermal expansion and 
Young's modulus of carbon fibre as well as electric properties are ascribed to the changes in its fine structure. 
The property structure relationship depends on the perfection, orientation and size of crystallites. 
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thermal and electric properties. 
 
Introduction 
 
 Modern Carbon fibre (CF) is developed upon polyacrylonitrile fibre (PAN) pyrolysis. PAN fibre  is 
converted into CF by treating  PAN-precursor in an oxidizing atmosphere at high temperature.  The oxidized 
fibre is carbonized at temperatures  above 1000oC to produce CF. CF and its composites find a wide application 
in high-technologies. CF has been industrially prepared from PAN and pitches. PAN affords CF with excellent 
mechanical properties. Pitches afford CF with   high modulus and relatively low strength potentially at a low 
cost (Bahl, et al., 1981; Yamane et al., 1987; Donnet and Guilpain, 1991; Ismail, 1991; He and Li, 2007; Sedghi 
et al., 2008). 
 The physical adsorption characteristics of CF have permitted some developments of a number of new 
applications such as antibacterial wound dressing , disposable gas masks and polarizable electrodes as well as 
the use of activated CF in adsorption separation and catalysis applications. In all cases the activated CF can 
provide higher efficiencies (Wu et al., 2007; Zhan, 2007; Luo, 2007; Shan, 2007; Jain et al., 2009). CF is being 
utilized in increasing quantities in the aerospace industry because of its high strength, high modulus and low 
density. There are potential applications due to its electrical resistivity. The application can be increased upon 
further lowering the fibre resistivity (Wesson and Allbed, 1990). PAN-based CF has wide uses due to its high 
strength and relatively low cost. Mesophase (MP)-based CF has developed for stiffness critical uses. It has very 
high elastic modulus, its strength is lower than PAN-based CF and its cost is much higher. Another type of CF is 
grown from the chemical vapour deposition and subsequent pyrolysis of the hydrocarbon-hydrogen mixture. 
The resulted fibre has very high electrical and thermal conductivity (Zhang and Shen, 2008). 
  
Structural Influences: 
 
 Drawing step in fibre processing reduces the denier of the filament and increases the molecular orientation 
to yield tensile property. Thus production of high modulus CF from any given precursor, necessitates high 
preferred orientation of the filament in a direction parallel to the fibre axis (Wesson and Allbed, 1990). Young's 
modulus depends on two factors (i) degree of orientation and (ii) degree of perfection (Ehrburger et al., 1978). 
The tensile strength and orientation in PAN precursor increase with the stretch ratio during spinning (Fitzer et 
al., 1979a; Khan et al., 1991; Khan et al., 1999). If the fibres are retrained during the early stages of pyrolysis, 
the length shrinkage as well as the loss of preferred orientation occur (Ohima et al., 1983). A marked 
improvement can be noticed in orientation during carbonization with increase of the heat treatment (Lewin and 
preston, 1985). The  carbonization of the amorphous PAN  precursor results in a decrease of the average 
orientation of the given CF (Tsai and Lin, 1990). 
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 Oxidation of PAN is one of the important steps in the development of CF of best mechanical properties. 
Oxidation step is carried out to such an extent that about 50% cyclization takes place. The CF possesses high 
tensile strength. PAN structure is cyclized by increasing the residence time and the excess oxygen-containing 
groups are subsequently reduced by treatment with solution of pyrogallol (Mathur et al., 1988). The tensile 
strength of CF is found to be 25% better than that obtained by conventional method (Bahl et al., 1979; Tsai and 
Hualin, 1991). The degree of cyclization of oxidized PAN-based fibres is determined by shrinkage during 
oxidation. Thus 24% shrinkage corresponds to 50% cyclization (Bahl et al., 1984). The degree of cyclization of  
PAN-based CF is of importance for the control of CF properties (Tsai and Lin, 1991a). 
 A structural differentiation can be made between PAN fibres thermally treated in the temperature range 
1000o-1500oC, to be named carbon fibres, and PAN thermally -treated above 2000oC, named  graphite fibres. 
The structural units of carbon fibres consists of turbostratic layers which can split, fold to join other basic 
structural  units forming microdomains. The fine structure of carbon fibres is not a homogeneous monolithic 
carbon unit but a chaotic collection of structural units formed into microdomains with some pores. The basic 
units and some of the microdomains are established during the formation process of the fibres. 
 The PAN fibres prior to carbonization exhibit some structural levels. The same organized levels can be 
applied to carbon fibre types: 
- molecules are stacked together creating small coherent domains (basic structural units). At the next stage of 
organization, a microstructure is developed (~100nm) can be defined by microdomains consisting of assemblies 
of molecules with long orientation order. These are elongated along the fibre axis. They are limited laterally by 
pores. The characterization of the basic structural units as well as the micro texture can be determined by 
combining together the wide-angle x-ray scattering (WAXS), the small-angle x-ray scattering (SAXS), selected 
area diffraction (SAD), transmission electron microscopy (TEM), bright field (BF), and dark field (DF) imaging 
in the TEM. The highest level of organization defines the texture of the fibres, reflecting the statistical  
orientation changes of the molecules at very long range. The fibre texture can be readily observed in the SEM 
and can be deduced from optical microscopical studies (Shioya and Takaku, 1989; Takaku and Shioya, 1990). 
 The basic structural units are built up through several stages during the conversion of the fibres from the 
stabilized state to graphitic stage. At low temperature after stabilization, the oriented structural units are isolated 
at temperatures where the heteroatoms are being eliminated; pores are being formed owing to elimination of 
heteroatoms and increased densification. At higher temperatures, disordered layers may appear. At extremely 
higher temperature, planar layers of graphitic nature starts to appear. The changes in perfection and ordering of  
CF are apparent in high resolution electron micrographic studies. Coagulation of the polymeric PAN fibres 
gives rise to enlarged microfibrils separated by large pores. The uncollapsed fibres are removed from the 
spinning bath, washed , quenched, freezed, dried to prevent structure collapsing during drying step. A change in 
density of PAN material is apparent from the exterior toward the filament interior during the fibre formation. 
The microfilaments collapse to form a coherent mass, is still retaining its identity. The origin of microfilaments 
differs from rayon to PAN formed by coagulation process. The structure and orientation that control the final 
properties of carbon fibres derived from rayon or PAN can be readily distinguished.  
 
CF layers: 
 
 Carbon fibres based on PAN precursor show some microdomains in a three dimensional structure is 
thoroughly given (Takaku et al., 1985; Bendak, 2003). The microdomains  near the fibre surface are highly 
oriented relative to those in the fibre interior. This may be due to the coagulation conditions during fibre 
spinning and then a complicated phenomenon is developed. Some pores exist in the fibre formed by gradual 
densification of the carbonized material during thermal treatment. In high-strength carbon fibres based on PAN 
precursor, the pores provide initially channels for removal of volatiles formed during the pyrolysis stage. PAN- 
based CF open pores transform into closed ones at about 1100oC (Takaku et al., 1985). This is based on the 
measurement of the fibre density and the fibre diameter remains unchanged for thermal treatment up to about 
2000oC. The density is furtherly increased above 2000oC and the fibre diameter decreases. The structural units 
form large layers, can split into smaller ones or can bind with other layers. The bonding forms cross-linking, 
tetrahedral bonds giving rise to lateral cohesion in the fibre skeleton (ASTM, 1981). The irregular collection of 
structural units become perfect in alignement and orientation. The variation in perfection tendency of the 
structural layers from the high strength CF (treated at about 1500oC) to the high modulus PAN-based CF 
(treated at above 2000oC) is consisted with carbon fibres from various precursors (Wang et al., 2008a; Jain et 
al., 2009).  
 
 Core texture of CF: 
 
 CF can exhibit a skin-core texture, is a result of high preferred orientation in the skin area by a higher 
density of material near the surface of the filament, or by oxidation gradient between the outer and inner parts 
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formed during the stage of stabilization. The optical activity of the material arises from the preferred orientation 
(Mathur et al., 1986).  It can be observed that there is a modulus gradient as well as a thermal expansion 
coefficient between the skin and the core within the carbon micro-fibre (Ehrburger, 1990b). 
 
Mechanical Properties: 
 
i) Tensile strength: 
 
 The tensile strength of CF is determined on the single filament test (ASTM, 1989) as well as by the strand 
test. In the first one, the mono filament is separated from CF tow, mounted carefully to ensure axial alignment 
with the tensile direction. The filament test is very intensive requires statistical determination. The strand test is 
more rapid and accurate enough. The CF tow is impregnated in an epoxy resin to have a rigid sample capable of 
sustaining a uniform load on the individual filaments. The elongation at break of the cured resin must be 
significantly larger than that of the CF (ASTM, 1981). 
 
ii) Tensile failure: 
 
 Improving the tensile strength of CF can be acquired from the perfect quality control of CF production. This 
can be achieved by reducing the particulate materials as well as reducing the created bubbles during gas 
evolution. The broken CF based on PAN precursor, fractured in glycerol medium are examined by TEM and 
SEM (Wesson and Allbed, 1990). The internal and surface flaws that initiated failure show evidence of mis-
oriented crystallites. Internal flaws which do not initiate failure when the walls containing crystallites oriented 
towards the fibre axis. The presence of mis-oriented crystals initiate failure and not flaws. The mechanism of 
failure is given elsewhere (Fitzer et al., 1979a). 
 Most of the research on the bromination of MP-pitch precursor for CF reveals minimum effects on its 
mechanical properties, while the oxidation resistance is enhanced (Bahl, et al., 1981; Yamane et al., 1987). The 
electrical resistivity decreases (Fitzer et al., 1979b; Nardin et al., 1990). This responds good in CF application in 
electromagnetic interference shelding. The effect of bromination on electrical resistivity is less pronounced in 
MP-pitch precursor CF. This effect is related to the less graphitic nature as indicated by the lower tensile 
modulus. This suggests that bromination induces flaws in CF (Fitzer et al., 1979a; Fitzer et al., 1979b). The 
tensile strength of CF based on PAN  precursor is greater than that of the CF based on MP-pitch precursor. The 
MP-based CF with high  strength has more turbostratic structure than the ultra-high modulus CF. The fine 
structure of the strong CF based on the MP precursor is nearly similar to that of high  modulus  CF based on 
PAN precursor. The folded structure is suggested to be a result of lower graphitization ability (Fitzer et al., 
1979). One of the outstanding properties of CF and carbon/carbon composites is that the tensile strength does 
not decrease with increasing the temperature. 
 
iii) Elasticity: 
 
 CF is considered to be linear elastic because of the apparent linear stress-strain plot at the usual rates of 
elongation. It was indicated that a non-linear behaviour, namely the increase in ultrasonically measured modulus 
with increasing load (Nardin et al., 1990), an increase in the dynamic modulus is shown with increase static 
strain (Voet, 1975). The increase in torsional modulus with increase in tensile stress and a decrease in Young's 
modulus with increased bending strain are also indicated (Jones and Duncan, 1974). 
 The increase of modulus with increasing the strain can be interpreted in terms of gradual straightening of 
the crystalline regions along the fibre axis. This is consistent with the correlation between the preferred 
orientation and Young's modulus for rayon based CF precursor (Mathur et al., 1986). Worthy to mention that 
Young's modulus of PAN-precursor CF correlates well with its crystallite dimensions (Takaku et al., 1985). The 
shear modulus of grafitized CF can be expected to be lower than that of CF due to its nonplanar turbostratic 
layers. The shear CF based on rayon precursor as well as CF based on MP precursor are distinctly lower than 
that of CF based on PAN precursor. The scatter can be ascribed to the combination of crystals of various 
perfections in transition from the turbostratic to the graphitized structure. Electrochemical etching of CF can 
remove the enter layers in contrast of possible oxidation producing some pits. The increase in tensile strength of 
etched CF can be related to microvoids removal from CF at its outer layer. Etching process shows some increase 
in tensile strength as a decrease in the modulus as a function of weight loss due to etching CF. The shear 
modulus of CF from PAN precursor conforms with the variation of high-strength of MP-pitch type CF fibres 
treated at lower temperatures, exhibiting less perfection of its crystallites.   
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iv) Compressive strength: 
 
 Two major reasons are indicated to improve the compression strength are i) composites are subject to flex, 
which with low compressive strength requires thicker composite with an increase in weight to compensate and 
ii) submarines going very deep and retaining buoyancy for safety reasons, a fibre reinforced composite pressure 
is needed to reduce weight and having strength and reliability. The CF compressive fracture changes from a 
shear to a microbuckling mode with increase in anisotropy  (Jones and Duncan, 1974). Thorough investigation 
of compressive strength CF/epoxy composites as a function of heating is given (Watanabe, 1993a), where a 
distinctive change from shear failure to microbuckling as the temperature approaches the glass transition 
temperature of the matrix (Wang et al., 2008a). Failure of the composite is dependent, at low temperatures on 
the compressive strength which can be ascribed to the shear across both matrix and fibre. Recoil test reveals 
broken fragments, which appears in the SEM. A shear failure in high modulus MP-pitch based CF as well as a 
knik band in PAN-type precursor CF are observed. The failure of PAN-precursor CF is a result of initiation of 
cracks on the tensile of a bent fibre. This may propagate to a knik band on the compression side, forming a step 
in the route of cracks. This finding can be attributed to the effect of buckling instability combined with the high 
strain caused bending in recoiling taken place. 
 The presence of microfibrils is observed in SEM, following the compressive failure. Microfibrils can exist 
in CF based on PAN, rayon and MP-type precursors (Ehrberger, 1990b). The compressive strength of CF can be 
increased by i) increasing the tensile strength of CF based on PAN-precursor, ii) decreasing the tensile strength 
in MP-precursor type fibre, iii) decreasing the Young's modulus, iv) increasing the d-spacing, v) decreasing the 
crystal site, vi) increasing the microvoids. 
 It can be concluded that the fine structure controls the compressive failure of the CF. Implanting boron ions 
in MP-based CF results in lowering the perfection and size of crystallites (Hermans et al., 1985). The torsional 
modulus of CF depends on the fine structure. The decreasing disorder in the crystallites structure lead to higher  
torsional effect. There is an effect of matrix modulus on the compressive strength as well as an effect of CF-
matrix adhesion. When the adhesion is low, the filament delamination from the matrix and the fibre undergo 
column buckling. The CF undergoes microbucking at intermediate adhesion while at higher one, CF 
compressive failure occurs. The CF can be compressively loaded to its maximum capacity.  
 
v) Thermal expansion: 
 
 The relation between the coefficient of thermal expansion(CTE) and Young's modulus of CF can be 
ascribed to that the properties are controlled by the fine structure of CF. The property-structure relationship 
depends on the perfection, orientation and size of crystallites. 
 
vi) Electric properties: 
 
 Electric and thermal properties are dependent on the fine structure upon determining the electric resistance 
and thermal conductivity at normal temperature (Hermans et al., 1985). The temperature-electric resistivity 
relationship of CF based on MP-precursor can be also adopted (Pan et al., 1993a; Pan et al., 1993b; Huang et 
al., 2002 ). 
 
V. Conclusion: 
 
 CF properties interpretation can be correlated with the fibres linear elastic property or the equality of tensile 
and compressive values. The assumption is valid at low strain and fails when the stress on the fibres approaches 
the yield or failure regions. 
 The tensile strength is limited by propagation of cracks in CF. It is expected that the tensile strength of CF 
based on MP-precursor exceeds that of CF based on PAN-precursor. The high strength depends on the extent of 
ordering crystal orientation whereas the high compressive strength depends on  the high disordered behaviour. 
 CF is useful as space material and is characterized by minimization of thermal expansion coefficient and 
maximization of thermal conductivity. The material subjected to wide range variation in temperature favours 
property, while the latter is useful for maintaining the heat material balance.   
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