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Description

This invention relates to a method of preparing a carbonaceous pitch useful for use as a precursor
material for carbon fibers.

As carbon fibers are increasingly applied in many fields, an attempt is now made to use them for
incorporation into bodies of plastics, ceramics, concretes and metals. As precursor materials for carbon
fibers, polyacrylonitrile fibers have been hitherto employed. Since the carbon fibers obtained from
polyacrylonitrile fibers are expensive, however, a number of studies have been made in recent years to
utilize carbonaceous pitch as raw materials for carbon fibers.

The general method for the production of carbon fibers from carbonaceous pitch includes melt
spinning pitch into fibers, rendering the spun fibers infusible, and carbonizing the infusible fibers. To
smoothly perform such a method, the properties of the raw material pitch are very important. The most
important requirement is that the pitch must have a good spinnability. It is also important that the pitch
must have properties so that the spun fibers obtained therefrom may be rendered infusibie and carbonized
without difficulty. Pitch which can meet with the above criteria has been hitherto considered to be of a type
which is obtained by carefully thermally treating a raw material oil, such as a naphtha cracking residue, a
recycle oil in fluidized bed catalytic cracking processes or a coal tar, which has a high content of aromatic
components and a low content of impurities such as metals, inorganic matters and sulfur components.
Thus, for example, in Example 4 of EP—A—0057108 a raw material oil having a boiling point of 480°—540°C
and obtained by reduced pressure distillation of a tarry substance by-produced in the catalytic cracking of
petroleum, is subjected to thermal cracking conditions while removing light hydrocarbon components, to
form a pitch which, after further treatment to increase the mesophase, had almost 100% opticaily
anisotropic phase (mesophase). The resulting pitch product is then suitable for spinning into fibers.

Since the high grade raw material oils described above are relatively expensive and fail to give pitch
with a high yield, the carbon fibers obtained therefrom are also expensive. Therefore, there is a great
demand for carbonaceous pitch which is inexpensive and which has properties suitable for the production
of carbon fibers. However, pitch derived from a low grade oil such as a vacuum residue or an atmospheric
distiliation residue has been considered to be unsuitable for use as a raw material pitch for the production
of carbon fibers, since such a pitch has a poor spinnabiiity.

In Japanese Published Unexamined Patent Application No. 57-100186 and EP—A—0054437, there is
disclosed a method in which a mesophase pitch is hydrogenated to render the mesophase substantially -
soluble in quinoline. The pitch obtained by this method is termed “dormant mesophase pitch”. The
dormant mesophase pitch is optically isotropic in nature and, when heated above its melting point, is a
homogeneous liquid in a single phase. When subjected to shear forces in one direction, the dormant
mesophase pitch is converted into the optically anisotropic state by orientation, in the direction paraliel to
that direction, of its latently optically anisotropic components formed during the hydrogenation treatment
of the mesophase pitch. Whiie the dormant mesophase pitch has a good spinnability, the process for the
production thereof has a drawback because it requires a hydrogenation step which makes the resulting
pitch expensive.

In accordance with the present invention there is provided a method of preparing a carbonaceous
pitch, comprising the steps of:

subjecting a raw material oil to thermal cracking conditions while removing cracked, light hydrocarbon
components to obtain a pitch product containing at least 5 weight % of mesophase and not more than 10
weight % of light hydrocarbon components with a boiling point at 60 mmHg (8000 Pa) (absolute} of 300°C
or less and having a softening point of between 140 and 220°C, the raw material oil being composed mainly
of a residual oil which has a boiling point of 350°C or more and which is obtained from fractionation of a
naphthene base and/or intermediate base petroleum crude; and

removing the mesophase from the pitch product to obtain a substantially mesophase-free
carbonaceous pitch.

In another aspect of the present invention, there is provided a process for the production of carbon
fibers using the above carbonaceous pitch, which comprises the steps, known per se from EP—A~-0054437
of:

spinning the substantially mesophase-free carbonaceous pitch into fibers;

rendering the spun fibers infusible; and

carbonizing the infusible fibers.

One of the features of the present invention resides in the use of a raw material oil composed mainly of
a residual oil having a boiling point of 350°C or more and being obtained from fractionation of a naphthene
base and/or intermediate base petroleum crude (hereinafter referred to simply as ‘“naphthenic or
intermediate raw material oil”'). The advantages accruing from the use of such naphthenic or intermediate
raw material oil are as follows:

{1} The use of the naphthenic or intermediate raw material oil makes it possible to produce a dormant
mesophase-like pitch without resorting to a hydrogenation treatment. As described previously, the known
process for the production of a dormant mesophase pitch requires the step of hydrogenating the
mesophase of a mesophase pitch to render same substantially soluble in quinoline. In contrast, the pitch
obtained according to the method of the present invention contains polycyclic, polycondensed ring
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aromatic hydrocarbons which have naphthenic rings and side chains and which can serve as latently
optically anisotropic components, though the method does not incilude any hydrogenation step.

(2) Dehydrogenation, thermal decomposition and other reactions resulting in the formation of pitch in
the case of using the naphthenic or intermediate raw material oil proceed faster as compared with the case
of using a residual oil derived from paraffin base petroleum crude. Therefore, the reaction time of the
thermal cracking can be advantageously reduced. This is also advantageous because at [east some of the
naphthenic rings of the polycyclic, polycondensed ring aromatic hydrocarbons may remain undestroyed or
unaromatized throughout the thermal cracking. That is, although the raw material oil is thermally cracked
until a mesophase is formed in the matrix of the isotropic pitch, the isotropic matrix can still contain
naphthenic ring-containing polycyclic, polycondensed ring aromatic hydrocarbons which may act as
dormant anisotropic components.

(3) The pitch product obtained from the naphthenic or intermediate raw material oil has a good thermal
stability. Therefore, during the pitch forming reaction and during the subsequent spinning operation, the
occurrence of coking is minimized.

(4) The removal of the mesophase from the mesophase pitch obtained by thermally cracking the
naphthenic or intermediate raw material oil can be effected easily by filtration. It has been found that when
the naphthenic or intermediate raw material oil is subjected to thermal cracking conditions according to the
method of the present invention, a muitiplicity of anisotropic small spheres (mesophase) having a particle
size of 10 um or less, generally between 1 and 5 um, are formed at a relatively early stage of the reaction.
Even with an increase in reaction time, the mesophase small spheres grow very sparingly in size and tend
to aggregate, without coalescing with each other, to form botryoidaily aggregated pitch particlies having a
particle size of 20—150 um with each of the pitch spheres retaining its original spherical form. The
botryoidal pitch particles, which are homogeneously dispersed within the matrix of the isotropic pitch, are
easily separated by filtration from the matrix at an elevated temperature. The mesophase, which has a
higher softening point than the isotropic matrix, exhibits solid-like behaviors at such a filtration
temperature.

The substantially mesophase-free carbonaceous pitch obtained as a filtrate is very thermally stable.
When heated above its melting point, for exampie at a temperature of about 300°C, no mesophase is newly
formed. Fine mesophase particles which failed to be removed during the filtration step and which may
trace be present in the carbonaceous pitch never grow in size to the extent that they adversely affect the
spinnability of the pitch. Further, the amount of the low molecular weight components in the carbonaceous
pitch is small and the molecular weight of the pitch is distributed in relatively high and narrow range. All of
the above properties of the carbonaceous pitch allow the use thereof as precursor materials for the
production of carbon fibers.

When a paraffin base petroleum crude is used as a raw material oii for the preparation of the pitch, the
rate at which the pitch is formed becomes low. The resuiting pitch is not thermally stable and coking is
liable to occur during the thermal cracking step. Further, the mesophase spheres tend to coalesce with each
other to form large mesophase particles having a diameter of between 200 and 1000 um. The mesophase
particles which are heterogeneously distributed in the matrix of isotropic pitch are very difficult to separate
from the matrix by filtration in the molten state. In addition, the fine particles of mesophase contained in
the filtrate can coalesce with each other to form large mesophase particles which adversely affect the
spinnability of the pitch.

The raw material oil used in the process of the present invention is an oil composed mainly of a
residual oil which has a boiling point of 350°C or more and which is derived from a naphthene base and/or
intermediate base petroleum crude. The terms “naphthene base petroleum crude” and ‘intermediate base
petroleum crude” used herein are defined by UOP characterization factor classification method as crude oil
having characterization factor K of between 11.0 and 11.5 and between 11.5 and 12.0, respectively. The
characterization factor K is expressed by:

K= *VTy/s

where Ty stands for a molar average boiling point in terms of Rankine temperature {°F+460) and S stands
for a specific gravity at 60°F of the distillate. Illustrative of suitable naphthene base crude oils are California
crude, Coalinga crude, Texas crude, Bachaquero crude, Merey crude, Boscan crude, Maya crude, Klamono
crude, Seria crude and Nigeria crude. lilustrative of suitable intermediate base crude oils are iranian Heavy
crude, Murban crude, Sassan crude, Dovai crude, Midcontinent crude and North slope crude.

The term “residual oil from naphthene base or intermediate base petroleum crude” is intended to
mean a heavy fraction, such as an atmospheric residue, a vacuum residue, a vacuum distillate or asphalt
from a solvent deasphalting process, having a boiling point of 350°C or more preferably 500°C or more. The
asphalt from a solvent deasphalting process is that obtained by subjecting a residual oil such as an
atmospheric residue to extraction treatment using as an extraction solvent propane, butane, pentane, etc.

Preferably, a residual oil containing at least 200 ppm, more preferably at least 500 ppm of metal
components such as nickel and vanadium is used for the purpose of the present invention. Residual oils
having a large residual carbon content (Conradson carbon residue) and/or a large amount of sulfur
components may be used for the purpose of the present invention. The use of a residual oil having a large



10

15

20

25

30

35

40

45

50

55

60

65

0 138 286

amount of residual carbon is rather preferred since the yield of pitch becomes higher with the increase of
the residual carbon content. The above-described residual oils generally belong to poor grade heavy
hydrocarbon oils and have been regarded as being unsuited for the production of carbon fibers.

If desired, the raw material oil can contain other residual oils, such as those derived from Arabian
crude, Arabian Heavy crude, Kuwait crude and Oman crude, than those derived from naphthene base or
intermediate base petroleum crude. The content of the residual oil derived from naphthene base and/or
intermediate base petroleum crude in the raw material oil is preferably 30 weight % or more, more
preferably 50 weight % or more. It is especially preferred that the raw material oil always contains a
residual oil derived from naphthene base petroleum crude in an amount of 45 weight % or more, most
preferably 60 weight % or more. It is also preferred that the residual oil derived from naphthene base
petroleum crude be contained in the raw material oil in an amount so that at least half of the pitch obtained
by the thermal cracking step is composed of components derived from the naphthene base petroleum
crude.

The raw material oil is thermally cracked, while removing, generally continuously, cracked light
hydrocarbons, at a temperature of between about 350 and 500°C, preferably between 400 and 440°C so that
a pitch is formed by polycondensation and other reactions inherent to the thermal cracking. It is preferred
that the removal of the cracked light hydrocarbon products be conducted by maintaining the reaction zone
under a reduced pressure for the evaporation of the light hydrocarbons formed by the thermal cracking or
by continuously feeding a gaseous heat transfer medium to the reaction zone for contact with the raw
material oil. The heat transfer medium serves both to supply heat necessary for effecting the thermal
cracking and to strip volatile cracked products and is preferably a substantially oxygen-free, non-oxidative
gas such as steam, a hydrocarbon gas or vapor, a perfect combustion waste gas, nitrogen or hydrogen.

The thermal cracking is performed in a liquid phase under a reduced pressure, generally at a pressure
of between 5 and 500 mmHg (absolute) or under a partial pressure of hydrocarbon vapor of between 5 and
500 mmHg. When the raw material oil contains relatively low boiling point fractions (boiling at 350—500°C)
such as atmospheric residue or vacuum distillate (VGO), the early stage of the thermal cracking may be
suitably effected under a pressure of generally between 1 and 10 Kg/cm? so as to increase the yield of the
pitch. The reaction time is generally in the range of between 0.3 and 10 hours, though the reaction time
varies according to the kind of the raw material oil to be thermally cracked. The thermal cracking may be
carried out with the use of any known liquid phase cracking reactors in a continuous, batch or semi-batch
{generally adopted in Eureka process) mode.

The thermal cracking is conducted so that the pitch product contains at least 5 weight %, generally
between 5 and 40 weight %, preferably between 10 and 25 weight % of mesophase and not more than 10
weight %, preferabiy not more than 5 weight % of light hydrocarbon components with a boiling point at 60
mmHg {absolute) of 300°C or less and has a softening point of between 140 and 220°C, preferably between
170 and 210°C.

It is important that the thermal cracking should be conducted at a temperature and for a period of time
so that at least 5 weight % of mesophase is formed. If the thermal cracking is stopped before the formation
of mesophase, the molecular weight of the resuiting pitch is too small to give spun fibers of a satisfactory
strength. The formation of at least 5 weight % of mesophase is necessary to obtain a pitch suitable for
spinning into fibers.

The content of the light fraction is also important for the pitch to have a suitable spinnability. The
content of light hydrocarbon components above 10 weight % is disadvantageous because the pitch fibers
tend to be broken during spinning and because it becomes difficult to render the spun fibers infusible. The
content of the light hydrocarbon components in the pitch can be controiled by adjusting the feed rate of the
gaseous heat transfer medium or the degree of vacuum pressure.

When the softening point of the pitch product is below 140°C, the stability of the carbonaceous pitch
obtained by removal of mesophase therefrom becomes poor and it becomes also difficult to render the
spun fibers infusible. A softening point of the pitch product above 220°C is also undesirable because the
pitch product will have a greater amount of mesophase, resulting in the decrease in yield of the
carbonaceous pitch. Too high a softening point also makes the spinning operation difficult to perform. The
term “softening point” used in the present specification is measured by means of a Koka-type flow tester
manufactured by Shimadzu Seisakusho Co. Ltd., and is a temperature at which the sample commenced to
flow thzrough a nozzle having a diameter of 1 mm when heated at a rate of 6°C/min under a pressure of 10
Kg/em®.

The thus obtained pitch product containing mesophase dispersed in the matrix of isotropic pitch is
then subjected to a solid-liquid separation treatment for the removal of the mesophase and to obtain
substantially mesophase-free carbonaceous pitch. The term “substantially mesophase-free” herein is
intended to mean that the pitch contains no mesophase having a particle size of 10 um or more. Mesophase
particles having a particle size of less than 10 pm do not adversely affect the spinnability of the
carbonaceous pitch and, therefore, the presence of such fine mesophase particles in the carbonaceous
pitch can be ignored for the purpose of the present invention. A polarized light microscopy reveals that the
mesophase contained in the pitch product has a mosaic structure composed of very fine particle units
having a diameter of between 1 and 5 um. The fine particle units aggregate during the thermai cracking to
form botryoidal, aggregated particles with a size of between 25 and 150 um homogeneously dispersed in
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the matrix of isotropic pitch. Under the reaction conditions, the mesophase particles or their aggregated
particles do not coalesce with each other. Therefore, at a temperature above the meilting point of the
isotropic matrix but below the softening point of the mesophase, generally at a temperature of between
250 and 400°C, the mesophase can be easily separated by filtration in the form of a cake.

As described previously, the formation of such easily separabie mesophase is considered to be
ascribed to the use of the specific raw material oil. In comparison with the pitch obtained, in the same
manner as in the method of the present invention, by thermal cracking of a residual oil derived from
paraffin base petroleum crude, the mesophase pitch particles or their aggregated particles obtained in
accordance with the present invention have a relatively small particle size and are homogeneously
dispersed in the matrix of isotropic pitch which, in molten state, has a relatively high viscosity. On the other
hand, the mesophase obtained from the paraffin base petroleum crude has a large particle size, generally
of between 200 and 1000 um and does not form a cake when filtered. if the mesophase is forced to be
separated by filtration, then the filtrate will contain mesophase particles having a particle size of 30 um or
more as well as fine mesophase particles. Thus, it is not possible to obtain a substantially mesophase-free
carbonaceous pitch by filtration of the pitch product obtained from the paraffin base petroleum crude.

The mesophase separated by filtration from the pitch product contains a large amount of quinoline
insolubles and, further, a larger amount of nickel, vanadium and other metal components than the filtrate
does. The metal components contained in the raw material oil are caught by or bound to mesophase, such
as in the form of organo-metallic salts or porphyrin complexes, to form fine, quinoline insoluble-rich,
higher softening point (than the isotropic matrix), solid-like mesophase particles. Thus, it is believed that
metal components contained in the raw material oil contribute to the good separability of the mesophase
formed in accordance with the method of the present invention.

The removal of mesophase from the pitch product may be suitably performed by filtration, by
application of a pressure or under reduced pressure, at an elevated temperature. Other solid-liquid
separation methods such as centrifuge and sedimentation may also be used. Since the mesophase
contains metal components, a high gradient magnetic separation method or an electrical method may be
adopted for the separation of the mesophase. As described previously, the presence of mesophase
particles having a diameter of less than 10 um does not adversely affect the subsequent spinning
operation, oxidation treatment for rendering the spun fibers infusible and carbonizing treatment.
Therefore, it is not necessary to remove such fine mesophase particles. However, it is of course desirable to
remove as much mesophase as possible. It is preferred that the carbonaceous pitch do not contain
mesophase particles having a diameter of 5 um or more. Generally, the fiitrate obtained by the removal of
mesophase contains about 2 weight % or less of fine mesophase particles.

The substantially mesophase-free carbonaceous pitch obtained by the method of the present invention
has a H/C (a hydrogen to carbon atomic ratio) of between 0.55 and 1.2, a high molecular weight, a narrow
molecular weight distribution and a good thermal stability. In the moiten state, the pitch is in a single
phase. The pitch is soluble in quinoline and is isotropic in nature. The pitch has thus a very excellent
spinnability and can be spun into fibers at a high spinning rate. Further, because of the presence of a
significant amount of polycyclic, polycondensed ring aromatic hydrocarbons with naphthenic rings, the
carbonaceous pitch obtained by the method of the present invention is latently optically anisotropic and
can give carbon fibers having a high mechanical strength. If desired, the carbonaceous pitch thus obtained
can be subjected once or more times to thermal cracking and subsequent mesophase removal treatments
to control the molecular weight of the carbonaceous pitch and to reduce the amount of metal components
in the carbonaceous pitch. The carbon fibers can be up-graded by such repeated treatments.

The results of the measurement of various physical properties of the carbonaceous pitch obtained by
the method of this invention by means of a proton NMR, *C-NMR, elementary analysis and the like have
revealed the following:

1) Proton NMR spectrum shows a sharp absorption at 1.5—2.0 ppm indicating the presence of
naphthenic rings. In comparison with the pitch obtained from paraffin base petroleum crude, the pitch of
the present invention has much more naphthenic hydrogen at § or more remote positions from aromatic
ring. The Z value (a ratio of the number of aliphatic hydrogen atoms to the number of aliphatic carbon
atoms) is in the range of between 1 and 2, indicating that the naphthenic ring is a condensed ring.

2) R, value, which represents the number of aromatic rings determined with the proviso that the
aromatic rings of the pitch molecule are in a peri-type structure, is large. This indicates that the molecule
has a polycyclic, polycondensed ring structure.

3) The content of hydrogen atoms bonded to carbon atoms located at 8 or more remaote positions from
aromatic carbon atoms is higher than that at a-positions. This characteristic is common to pitch derived
from petroleum residual oils and suggests the presence of naphthenic rings and aliphatic side chains in the
pitch molecule.

4) The measurement of molecular weight by vapor pressure osmosis method (V.P.O. method) for pitch
derived from a naphthenic raw material oil and from a paraffin base raw material oil reveals that the former
pitch has a higher molecular weight than the latter pitch. (The two pitch samples had approximately the

. same softening point). :

B) Hydrogen donating properties of naphthene base and paraffin base raw material oils and the pitch
obtained therefrom are examined by heat-treating the sample in the presence of anthracene to measure the
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yield of 9,10-dihydroanthracene by means of proton NMR spectrometer. The results shows that the
naphthenic raw material oil and the pitch derived therefrom can provide a larger amount of hydrogen
transferable to anthracene as compared with the paraffin base raw material oil and its pitch, respectively.
Thus, when the naphthenic raw material oil is subjected to thermal cracking conditions, various radicais
produced by the thermal cracking can be stabilized by reaction with the transferable hydrogen supplied by
the raw material oil. Therefore, the pitch derived from the naphthenic raw material oil is more thermally
stable than that from the paraffin base raw material oil.

For the production of carbon fibers, the substantially mesophase-free pitch obtained by the method of
this invention can be spun into fibers at a temperature of between 250 and 310°C at a high spinning rate in
any known manner. The spun fibers are then heat-treated, generally at a temperature of up to 300°C in the
conventional manner in the oxidizing atmosphere such as in the atmosphere of air or NO,-containing air for
rendering the spun fibers infusible. The infusible fibers are then carbonized in the conventional manner,
generally at a temperature of 1000°C or more to obtain carbon fibers. Though the substantially
mesophase-free pitch as obtained is optically isotropic in nature, it becomes optically anisotropic during
the spinning step because of the orientation of latently optically anisotropic components in the pitch in the
direction paraliel to the fiber axis. Therefore, the resultant carbon fibers exhibit both a high tensile strength
and a high modulus as compared with the conventional isotropic pitch.

Whilst the pitch of the present invention is especially suited as precursor materials for carbon fibers, it
is also utilizable in the same way as the conventional pitch, for example, as a raw material for graphite.

The following examples wiil further iliustrate the present invention.

Example 1 .

Venezuelan Bachaquero crude, being a naphthene base petroleum crude, was distilled at atmospheric
pressure and the bottom was subjected to vacuum distillation to obtain, with a yield of 45.3 vol %, a
residual oil whose physical properties are shown in Tabie 1.

TABLE 1
Properties of residual oil
Specific gravity (25/25°C) 1.02
Conradson carbon residue (wt. %} 21.6
Sulfur content (wt. %) 3.37
Nickel content {(ppm) 98
Vanadium content {(ppm) 748

One Kg of the residual oil was charged in a 2 liter autoclave equipped with an agitator and was
thermally cracked therein at a temperature of 425°C and a pressure of 1.1 Kg/em? {absolute) for 45 min. The
thermai cracking was performed in a liquid phase while continuously feeding superheated steam at a rate
of 1 g/min. The cracked gas and cracked light hydrocarbon oil were continuously withdrawn overhead from
the autoclave together with the superheated steam for recovery. The partial pressure of hydrocarbon gases
within the autoclave was maintained at 300 mmHg throughout the thermal cracking by controlling the feed
rate of the superheated steam. As a result, about 4 weight % of cracked gas, about 64 weight % of cracked
oil and about 33 weight % of pitch were obtained. The properties of the pitch were as shown in Table 2.

TABLE 2
Properties of pitch
Softening point (°C) 182
Volatile matter {(wt. %) 44.5
Content of fraction boiling at below
300°C at 60 mmHg absoiute (wt. %) befow 1

Metal (V and Ni) content {(wt-ppm) 2600
Sulfur content (wt. %) 4.2
n-Heptane insolubles (wt. %) 76.0
Quinoline insolubles (wt. %) 9.6

The pitch was found, by polarized light microscopy, to contain mesophase in an amount of 20% in
terms of the area of polarized domain. The mesophase had a mosaic structure composed of very fine
mesophase particle units having a diameter of 1—6 um. The mesophase units formed aggregated particles
of a botyroidal shape having a size of 50—100 um.

100 g of the mesophase pitch was heated to 300°C in the atmosphere of nitrogen and filtered using 500
mesh metal sieve having an effective area of 25 cm? under a reduced pressure of 10 mmHg (absolute),
whereby 55 g of a filtrate was obtained. The filtration was able to be conducted easily and within a short
period of time. The filtrate was found by polarized light microscopy to contain almost no mesophase and to
be optically isotropic. The pitch had a softening point of 179°C and contained 46.5 weight % of volatile
matters, 0.1 weight % of quinoline insoluble matters and 2030 wt-ppm of metal components (Ni and V).

A
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When the surface of the pitch was rubbed in one direction by a filter paper, there was developed a definite
molecular orientation in the direction of the rub, indicating that the pitch was a dormant mesophase pitch.

In order to investigate the structure of the pitch, various physical properties of the pitch were measured
by proton NMR, '*C-NMR, elementary analysis and vapor pressure osmosis. NMR analysis was made with
the use of a high resolution nuclear magnetic resonance spectrometer (Varian Inc.) using CDCl; as solvent.
Brown-Ladner method and its improved method were adopted to analyze the data and to calculate
respective parameters. The proton NMR spectrum showed a sharp absorption at a 5-value of 1.5—2.0 ppm
attributed to the protons of naphthene ring. The results were as shown in Tables 3 and 4 together with
those of Comparative Example described hereinafter. In Tables 3 and 4, the letters or symbols mean as
follows:

B/Q pitch: Pitch obtained from a residual oil derived from Bachaguero crude (pitch obtained according
to the method of the present invention)
A/L pitch: Pitch obtained from a residual oil derived from Arabian Light crude (Comparative Example)
H,: Content of hydrogen on aromatic rings
H,: Content of hydrogen at a-positions
Hy: Content of hydrogen on naphthene rings at B or more remote positions
Hg: Content of hydrogen on side chains at § or more remote positions except terminal methyl
groups at y or more remote positions
H,: Content of hydrogen of terminal methyl groups on side chains at y or more remote positions
f,: Ratio of the number of aromatic carbon atoms to the total number of carbon atoms,
measured value by '3C-NMR
M,,: Molecular weight by V.P.O.
#C,: Number of aromatic carbon atoms per one molecule
#Cgs: Number of aliphatic carbon atoms per molecule
Z: Ratio of the number of hydrogen atoms bonded to aliphatic carbon to the number of aliphatic
carbon atoms
R.: Number of aromatic rings in one molecule provided that the rings are condensed ring of a
peri-type
#Hy: Number of hydrogen atoms on naphthene rings at B or more remote positions.

For the purpose of the present specification, the terms “aromatic hydrogen”, “aliphatic hydrogen” and
“naphthenic hydrogen’” are intended to refer to hydrogen atoms bonded to an aromatic carbon atom, an
aliphatic carbon atom and a naphthenic carbon atom, respectively, and the greek letters are assigned to
non-aromatic carbon atoms, i.e. aliphatic and naphthenic carbon atoms, in which the enumeration starts
with each of the aliphatic and naphthenic carbon atoms located adjacent to aromatic carbon atoms. {See K.
D. Bartie and J. A. Smith, Fuel, vol. 46, p. 29 (1967)).

TABLE 3
Sample Ha(%) Hq(%) Hu(%) Hg(%) H,{%)
B/Q-pitch 20.59 17.04 16.33 31.24 14.20
A/L-pitch 32.43 22.56 19.74 19.74 5.64
TABLE 4
Sample fa M,, #C, #Cg Z R. #Hy
B/Q-pitch 0.61 1290 52.6 33.6 1.6 16.2 12.1
A/L-pitch 0.63 890 36.7 215 1.4 9.0 9.4

As will be seen from Tables 3 and 4, the values of #Hy and Z are high in B/Q pitch. This fact, when taken
in conjunction with the sharp absorption at 1.5—2.0 ppm in proton NMR spectrum indicates the presence of
a larger amount of naphthene rings as compared with A/L pitch. Further, in view of the fact that the values
M,, and R, are high, the B/Q pitch contains polycyclic, polycondensed ring aromatics. The fact that the
amount of hydrogen at B or further positions is higher than H, {total of Hy, Hs and H, amounts to over 50%]),
also shows the presence of naphthene rings.

Next, the filtrate was spun into fibers through a nozzle having a diameter of 0.3 mm and a L/D of 3. The
spinning was performed at a temperature of 280°C and a spinning pressure of 1.8 Kg/cm?G. Fibers having a
diameter of about 15 pm were obtained at a rate of 500 m/min in an extremely stable manner.
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The spun fibers were then heated from 100 to 150°C at a heating rate of 1°C/min in the atmosphere of
air containing 1% of NO,. After being maintained at 150°C for 30 min, the fibers were heated up to 250°C at
a heating rate of 1°C/min in the air and finally maintained at 250°C for 30 min so that the fibers were
rendered infusible.

The infusible fibers were then heated at a rate of 5°C/min to 1000°C and maintained at that temperature
for 30 min for carbonization. The resultant carbon fibers had a diameter of 14 um, a tensile strength of 13
ton/cm?, a modulus of 340 ton/em? and an elongation of 3.0%. The yield of the carbon fibers on the basis of
the pitch was about 72 weight %.

Comparative Example

Arabian Light crude being a paraffin base petroleum crude was distilled under atmospheric pressure
and the bottom was subjected to vacuum distillation to obtain a residual oil having the properties shown in
Table 5. The yield of the residual oil was 18.4 vol %.

TABLE 5
Properties of residual oil

Specific gravity (25/25°C) 0.997
Conradson carbon residue (wt. %) 19.2
Sulfur content (wt. %) 4.15
Nickel content (ppm) 19.9
Vanadium content (ppm) 79.0

One Kg of the residual oil was subjected to thermal cracking in the same manner as described in
Example 1. As a result of 4 weight % of cracked gases, 73 weight % of cracked oils and 23 weight % of pitch
were obtained. The thermal cracking was performed for 80 min. The physical properties of the pitch was as
shown in Table 6.

TABLE 6
Properties of pitch
Softening point (°C) 185
Volatile manner (wt. %) 39.3

Content of fraction boiling at below
300°C under below 60 mmHg {absolute)

(wt. %) below 1
Metal content (V and Ni) (wt-ppm) 250
Sulfur content {(wt. %) 6.9
n-Heptane insolubles {wt. %) 83.7
Quinoline insolubles (wt. %) 18.1

The pitch was found, by polarized light microscopy, to contain mesophase of a mosaic structure. The
particle units constituting the mesophase were found to contain those having a diameter of over 10 pm.
The mesophase particles were aggregated with each other to form botryoidal particles having a size of
2001000 um and being dispersed in the pitch. The pitch was found to contain about 30% of mesophase
by polarized light microscopy.

100 g of the pitch was then subjected to filtration in the same manner as described in Example 1.
However, it was not possible to completely filter the pitch. Only 10 g of filtrate was obtained with the
residual liquid being remained unseparated. The filtrate was revealed to contain mesophase or its
aggregated particles. The filtrate had a softening point of 181°C, volatile matter content of 40 weight %,
quinoline insoluble content of 3 weight % and metal content (V and Ni) of 220 ppm. The results of analysis
of the properties of the filtrate are shown in Tables 3 and 4. The proton NMR spectrum of the filtrate did not
show clear peak typical to naphthenic hydrogen. The results shown in Tables 3 and 4 indicate that the pitch
derived from paraffin base petroleum crude has a low molecular weight, a low content of aromatic rings in
one molecuie and a low amount of hydrogen bonded to naphthene rings.

The pitch was spun using the same nozzie as used in Example 1 at a spinning temperature of 285°C, a
spinning pressure of 1.5 Kg/cm?G and a spinning rate of 400 m/min. The spinning operation was very
difficult to perform because of frequent breakage of the spun fibers. The spun fibers were then rendered
infusible and carbonized in the same manner as that in Example 1 to obtain carbon fibers having a diameter
of 24 um, a tensile strength of 6 ton/cm?, a modulus of 371 ton/cm? and an elongation of 1.9%.

Example 2

A mixed oil having the formulation shown in Table 7 was distilled at atmospheric pressure and the
bottom was subjected to vacuum distillation to obtain a residual oil having a boiling point of above 538°C
with a yield of 34 vol %.
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TABLE 7
Formulation of mixed oil

Crude oils Content
Iranian heavy 47 vol %
Bachaquero 33
Maya 12
Arabian light 7

When each of the crude oils was subjected to the similar two stage distillation, the yield and the
15 properties of its residual oil having a boiling point of above 538°C were as shown in Table 8. From the
results shown in Tables 7 and 8, the residual oil obtained from the mixed oil is considered to have the

composition shown in Table 9.

TABLE 8
Yields and properties of residual oils
Iranian Arabian
heavy Bachaquero Maya light
Yield (vol. %) 25.8 45.3 41.5 18.4
Specific gravity (25/25°C) 1.017 1.02 1.046 0.997
Conradson carbon residue 19.7 21.6 24.8 19.2
{wt. %)
Sulfur content (wt. %) 3.42 3.37 5.38 4.15
Nickel content (wt-ppm) 94 98 130 19.9
Vanadium content (wt-ppm) 241 748 564 79
TABLE 9

Compasition of the residual

oil from the mixed oil

Residual oil

Iranian heavy
Bachaquero
Maya

Arabian light

36.4

44.8

14.9

Content
vol. % wt. %
36.2
44.7
15.2
3.9

3.9

One Kg of the residual oil obtained from the mixed oil was thermally cracked in the same manner as
that in Example 1 to obtain 5 weight % of cracked gases, 60 weight % of cracked oils and 33 weight % of
pitch. The cracking was performed for 75 min. The pitch had the properties shown in Table 10.
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TABLE 10
Properties of pitch

Softening point (°C) 183
Volatile matters (wt. %) 42.0
Content of fraction boiling at below
300°C at 60 mmHg (absolute) (wt. %) below 1

Metal content (Ni and V) (wt-ppm) 1540
Sulfur content (wt. %) 5.35
n-Heptane insolubles {wt. %) 78.6
Quinoline insolubles (wt. %) 20.0

Polarized light microscopy of the pitch revealed the presence of fine mesophase particles in the mosaic
structure. The fine particles having a diameter of 1—6 um formed botryoidal, aggregated particles having a
diameter of 50—100 um homogeneously dispersed in the pitch. The mesophase content was about 25%
when determined by polarized light microscopy.

100 g of the pitch was then filtered in the same manner as in Example 1 to obtain 50 g of a filtrate. The
solids phase (mesophase) separated formed a cake with a thickness of about 10 mm on the metal sieve.
The separation by filtration was able to be carried out smoothly and easily. The filtrate was found to contain
almost no mesophase as a result of polarized light microscopic observation. The filtrate was substantially
isotropic in nature and had a softening point of 179°C, a volatile matter content of 43.8 weight %, a
quinoline insoluble content of 0.8 weight % and a metal content {(Ni and V) of 1200 ppm.

The filtrate was then spun into fibers with the use of the same spinning device as used in Example 1.
The spinning was performed at a spinning temperature of 280°C, a spinning pressure of 1.8 Kg/cm? and a
spinning rate of 500 m/min. The spun fibers had a diameter of about 15 pm and were thermally stable. The
spun fibers were then rendered infusible and carbonized in the same manner as in Example 1 to obtain
carbon fibers having a diameter of 14 um, a tensile strength of 9.2 ton/cm?, a modulus of 360 ton/cm? and
an elongation of 2.8%. The yield of the carbon fibers was about 75 weight % based on the pitch.

Claims

1. A method of preparing a carbonaceous pitch, which comprises subjecting a raw material oil, which
has a boiling point of 350°C or more, to thermal cracking conditions while removing cracked, light
hydrocarbon components, thereby to obtain a pitch product containing at least 5 weight percent of
mesophase, characterized in that said raw material oil is composed mainly of a residual oil which is
obtained from fractionation of naphthene base and/or intermediate base petroleum crude; in that said
thermal cracking conditions are conducted to obtain a pitch product containing not more than 10 weight %
of light hydrocarbon components with a boiling point at 60 mmHg {8000 Pa) {absolute) of 300°C or less and
having a softening point of between 140°C and 220°C; and in that mesophase is removed from the pitch
product obtained to provide a substantially mesophase-free carbonaceous pitch.

2. A method as claimed in Claim 1, characterized in that said thermal cracking is performed in a
reaction zone while maintaining the reaction zone under a reduced pressure so that the cracked light
hydrocarbon components are continuously removed from said reaction zone.

3. A method as claimed in Claim 1, characterized in that said thermal cracking is performed in a
reaction zone while continuously feeding a gaseous heat transfer medium so that the cracked light
hydrocarbon components are continuously removed by stripping from said reaction zone.

4. A method as claimed in any preceding claim, characterized in that said mesophase is removed by
filtration at an elevated temperature.

5. A process for the production of carbon fibers, comprising the steps of:

(a) providing a substantially mesophase-free carbonaceous pitch;

(b} spinning the substantially mesophase-free carbonaceous pitch into fibers;

(c) rendering the spun fibers infusible; and

(d) carbonizing the infusible fibers; characterized in that said substantiailly mesophase-free
carbonaceous pitch is obtained by a process comprising:

{i) subjecting a raw material oil to thermal cracking conditions while removing cracked, light hydrocarbon
components to obtain a pitch product containing at least 5 weight % of mesophase and not more than
10 weight % of light hydrocarbon components with a boiling point at 60 mmig (8000 Pa) {absoiute) of
300°C or less and having a softening point of between 140 and 220°C, the raw material oil being
composed mainly of a residual oil which has a boiling point of 350°C or more and which is obtained
from fractionation of naphthene base and/or intermediate base petroleum crude; and

{ii) removing the mesophase from the pitch product to provide said substantially mesophase-free
carbonaceous pitch.

6. A process as claimed in Claim 5, characterized in that the content of said residual oil in said raw
material oil is at least 30 weight %.
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7. A process as claimed in Claim 5 or 6, characterized in that said residual oil contains at least 200 ppm
of metal components.

8. A process as claimed in any one of Claims 5—7, characterized in that said raw material oil has a
boiling point of at least 500°C.

Patentanspriiche

1. Verfahren zur Aufbereitung kohlenstoffhaltiger Teere, bei dem ein Ol als Rohmaterial mit einem
Siedepunkt von 350°C und héher thermischen Kracking-Bedingungen ausgesetzt wird und gleichzeitig die
gekrackten, leichten Kohlenwasserstoffkomponenten entfernt werden, wodurch ein Teerprodukt erzielt
wird, welches mindestens 5 Gew.% Mesophase enthalt, dadurch gekennzeichnet, daR das Ol als
Rohmaterial im wesentlichen aus dem Restdl besteht, das bei der Fraktionierung von Napthengrundstoff
und/oder des Zwischenstoffs von Roherdd! entsteht; daf® die thermischen Kracking-Bedingungen darauf
abgestimmt sind, ein Teerprodukt zu erzielen, das nicht mehr als 10 Gew.% leichter Kohlenwasser-
stoffkomponenten mit einem Siedepunkt von 300°C und niedriger bei 60 mmHg (8000 Pa) und einem
Schmelzpunkt von zwischen 140° und 220°C aufweist; und dal3 die Mesophase aus dem so erhaltenen
Teerprodukt entfernt wird, um einen im wesentlichen mesophasefreien kohlenstoffhaltigen Teer zu
erzielen.

2. Verfahren nach Anspruch 1 dadurch gekennzeichnet, daf3 das thermische Kracken in einem
Reaktionsbereich abiduft, wobei die unter leichtem Druck gehalten wird, damit die gekrackten leichten
Kohlenwasserstoffkomponenten stindig aus dem Reaktionsbereich entfernt werden.

3. Verfahren nach Anspruch 1 dadurch gekennzeichnet, da® das thermische Kracken in einem
Reaktionsbereich unter standiger Zufiihrung eines gasférmigen Warmelibertragungsmediums stattfindet,
damit die gekrackten leichten Kohlenwasserstoffkomponenten stdndig durch Abstreifen aus dem
Reaktionsbereich entfernt werden.

4. Verfahren nach einem der vorhergehenden Anspriiche dadurch gekennzeichnet, dal3 die Mesophase
durch Filterung bei erhdéhter Temperatur entfernt wird.

5. Verfahren zur Herstellung von Kohlefasern, das folgende Schritte umfaft:

Bereitsteliung eines im wesentlichen mesophasefreien kohlenstoffhaitigen Teeres;

Spinnen dieses im wesentlichen mesophasefreien kohlenstoffhaltigen Teeres zu Fasern;

Unschmelzbarmachung der gesponnenen Fasern; und

Karbonizierung der unschmelzbaren Fasern, dadurch gekennzeichnet, daf’ der im wesentlichen
mesophasefreie kohlenstoffhaltige Teer durch ein Verfahren gewonnen wird, das folgendes umfaf3t:

Aussetzung des Rohmaterials, Ol, den thermischen Kracking-Bedingungen unter Entfernung der
gekrackten, leichten Kohienwasserstoffkomponenten, um ein Teerprodukt zu erzielen, das mindestens 5
Gew.% Mesophase und nicht mehr als 10 Gew.% leichter Kohlenwasserstoffkomponenten enthalt und
einen Siedepunkt von 300°C oder niedriger bei 60 mmHg (8000 Pa) (absolut) und einen Schmelzpunkt von
zwischen 140°C und 220°C aufweist, wobei das Ol als Rohmaterial im wesentlichen aus einem Restdi
besteht, das einen Siedepunkt von 350°C und hoher aufweist und bei der Fraktionierung von
Naphthengrundstoff und/oder des Zwischenstoffs von Roherdéi ensteht; und

Entfernen von Mesophase aus dem Teerprodukt, um den im wesentlichen mesophasefreien
kohlenstoffhaltigen Teer zu erzielen.

6. Verfahren nach Anspruch 5, dadurch gekennzeichnet, da der Restdlgehalt des Ols als Rohmaterial
mindestens 30 Gew.-% betrégt.

7. Verfahren nach Ansprlichen 5 oder 6, dadurch gekennzeichnet, dal3 das Restdl mindestens 200 ppm
metallischer Komponenten enthéit.

8. Verfahren nach einem der vorhergehenden Anspriiche 5 bis 7, dadurch gekennzeichnet, dafk das Ol
als Rohmaterial einen Siedepunkt von mindestens 500°C aufweist.

Revendications

1. Procédé de préparation d'une poix carbonée qui consiste a soumettre une huile minérale brute qui a
un point d'ébuilition de 350°C ou plus & un craquage thermique en éliminant les composants fractionnés
d’hydrocarbures légers, pour obtenir ainsi une poix contenant au moins 5% en poids de mésophase,
caractérisé en ce que ladite huile minérale brute est composée principalement d’une huile résiduelle qui est
obtenue par un fractionnement de naphtaléne base et/ou d'un pétrole brut de base intermédiaire; dans
ledit craquage thermique des conditions sont créees de maniére a obtenir une poix contenant au plus 10%,
en poids de composants d’hydrocarbures {égers avec un point d’ébullition 8 69 mmHg (absolu) de 300°C ou
moins et ayant un point de ramollissement entre 140°C et 220°C; et en ce que la mésophase est enlevée de
la poix obtenue pour fournir une poix carbonée a peu prés exempte de mésophase.

2. Procédé selon la revendication 1, caractérisé en ce que ledit craquage thermique est réalisé dans une
zone de réaction en maintenant celle-ci sous une pression réduite de maniére que les composants
fractionnés d’'hydrocarbures légers soient continuellement éliminés de ladite zone de réaction.

3. Procédé selon la revendication 1, caractérisé en ce que ledit craquage thermique est réalisé dans une
zone de réaction en alimentant continuellement un moyen gazeux de transfert de chaleur de maniére que
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les composants fractionnés d’hydrocarbures légers soient continuellement écartés par élimination de

ladite zone de réaction.

4. Procédé selon l'une quelconque des précédentes revendications, caractérisé en ce que ladite
mésophase est enlevée par filtration a une température élevée.

5. Procédé pour la fabrication de fibres de carbone comprenant les phases sunvantes

a) fournir une poix carbonée & peu pres exempte de mésophase,

b} filer en fibres la poix carbonnée a peu prés exempte de mésophase,

¢) rendre infusibles les fibres filées, et

d) carboniser les fibres infusibles, caractérisé en ce que ladite poix carbonée & peu prés exempte de

mésophase est obtenue par un procédé qui consiste a:

i} soumettre une huile minérale brute & un craquage thermique en éliminant les composants fractionnés
d’hydrocarbures légers pour obtenir une poix contenant au moins 5% en poids de mésophase et moins
de 10% en poids de composants d'hydrocarbures légers avec un point d'ébullition 8 60 mmHg (absolu)
de 300°C ou moins et ayant un point de ramollissement entre 140 et 220°C, I'huile minérale brute étant
composée principalement d’une huile résiduelle qui a un point d’ébullition de 350°C ou plus et qui est
obtenue par fractionnement du naphtaléne base et/ou d'un pétrole brut de base intermédiaire, et

ii) éliminer la mésophase de la poix pour produire une poix carbonée a peu prés exempte de mésophase.

6. Procédé selon la revendication 5, caractérisé en ce que le contenu de ladite huile résiduelle en huile
minérale brute est d'au moins 30% en poids.

7. Procédé selon 'une quelconque des revendications 5 ou 6, caractérisé en ce que ladite huile
résiduelle contient au moins 200 ppm de composants métalliques.

8. Procédé selon I'une quelconque des revendications 5 a 7, caractérisé en ce que ladite huile minérale
brute a un point d‘ébullition d'au moins 500°C.
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