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@ Mesophase pitch, processes for its production and fibers produced therefrom.

@ There is disclosed a mesophase pitch containing at least
about 70% by weight mesophase produced by physical
operations without chemical operations on a carbonaceous
precursor pitch. The mesophase pitch features a molecular
weight distribution wherein at least 75% of the molecules
have a molecular weight in the range of from about 600 to
about 1300; less than about 10% of the molecules have a
molecular weight less than about 600; and less than about
15% of the molecules have a molecular weight more than
about 1300. There are also disclosed processes for the
production of such a mesophase pitch. The mesophase pitch
is useful in producing carbon filter and fibers produced from
the pitch oftheinvention are also disclosed.
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DESCRIPTION

MESOVHAST PITCH, PRCTESSES FOR ITS PRODUCTION

A1D FIRZRS PRODUCED THZREFRCONM

The invention relates to a mesophase pitch and
particularly relates to a mesophase pitch containing
at least about 707 by weight mesophase and a process
for producing the mesophase_pitéh and carbon fibers
from the mesophase pitch.

Hesophase pitch has béen known to be suitable
for praducing carbon fibers having excellent properties ‘
suitable for commercial exploitation. It is known that meso-

phase derived carbon fibers are lightweight, strong, stiff,

‘electrically conductive and both chemically and thermally

inert. The mesophase derived carbon fibers perform well es
reinforcements in composites and have found use in
aerospace applications and quality sporting equipment.
Generally, carbon fiberé have been primarily made
from three types of precﬁrsor materials: rayon, poly-
acrylonitrile (PAN), and pitch. The use of pitch as a
precursor is ettractive economically.
Low cost carbon fibers produced from ordinary pitch
exhibit little preferred molecular orientation and relatively
poor mechanical properties.

In contrast, carbon fibers produced from mesophase

pitch exhibit high preferred molecular orientation and

relatively excellent mechanical properties.

As used herein, the term "pitch" is to be
understood as used in the instant art and generally
refers to & carbonaceou§ residue consisting of a complex
mixture of primsrily aromstic organic compounds which ere

s0lid at room temperature and exhibit a relatively broad
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melting or softening temperature range. When cooled
from the melt, the pitches behave as glasses.

As used herein, the term "mesophase’ is to be
understood as used in the in§tant art and generally is
synonymous with 1iqﬁid erystal, That is, a state of
matter which is intermediate between crystalline solid
and a normal liquid: Ordinarily, a material in the
mesophase state exhibits both anisotropic and liquid
properties.

As used herein, the term "mesophase-containing
pitch" is a pitch containing less than.about 407 by
weight mesophase and the non-mesophase portion or
isotropic phase is the.continuous phase.

As used herein, the term "mesophase pitc ".is ; pitch
containing more than about 407 by weight mesophase and
is capable of forming a.continuous anisotropic phase
when dispersed by agitation or the like in accordance
with the prior art. 7

.The cponventional method for preparing mesophase
pitch from a precursor pitch includes heat treating at
a temperature greater than 350°C.to effect thermal
polymerization. This process produces large molecula;
weight molecules capable of forming mesophase.

A typical conventional method is carried out ‘using
reactors maintained at about 400°C for
about 20 hours. The properties of the final materisl
can be controlled by the reaction temperature, heat-

treatment time, and volatilization rate. The presence
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of the high molecular weight fraction results in a
melting point of the mesophase pitch of at least 330°C.
An even higher temperature i; needed to transform the
mesophase pitch into fibers. This is termed "spinning"
in the art.

The following patents:are répresentative of the
prior art and are incorporated herein by reference:
U.S. patent no. 4,005,183 to Singer, U.S. patent no.
3,919,387 to Singer, U.S. patent no. 4,032,430,
U.S. patent no. 3,976,729 to Lewis et al., U.S. patent

no. 3,995,014 to Lewis, and especially British patent

2,005,298 to Chwastiak. ' ,

The amount of mesophase in pitch can be evaluated
by knovn methods using polcrized light microscopy. The
presence of homogeneous bulk mesophase regions can be
visually observed by polarized light microscopy and
quantitatively determined by the method disclosed in
the aforementioned Chwastiak patent. Previously, the
criteria of insolubility in certain organic solvents
such as quinoline and pyridine was used to estimate
mesophase content. There could, however, be present in
the precursor pitch certain non-mesophase insolubles and
it is a2 common practice to remove these insolubles before
treating the precursor pitch.

In accordance with the prior art, "% Q. I.“ refers
to quinoline insolubles of a pitch quinoline extracted at
75°C. Also, "% P. I1." refers to pyridine insolubles of

a pitch by Soxhlet extraction in boiling pyridine at

about 115°C.
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Softening point or softening temperature of a
pitch, is related to its molecular weight constitution,
the presence of a large amount of higﬁ molecular weight
components generally tends to raise the softening tem-
perature. It is a common practice in the art to charac-
terize in part a precursor pitch by its softening point.
For mesophase pitches, the softening point is used to
determine suitable spinning temperature. Generally, the
spinning temperature is about 40°C or more higher than
the softening temperature.

Generally, there are sevéral_methods for deter-
uﬁning the softening temperature and the temperatures
measured by these different methods vary somewhat from
each other. . |

Generally, the Mettler softening point procedure
is widely accepted as the standard for evaluating pre-
cursor pitches. This procedure can be adapted for use
on mesophase pitches.

The softening temperature of a mesophase pitch
can also be determined by hot stage microscopy. In
this method, the mesophase pitch is heated on a micro-
scope hot étage in an inert atmosphere under polarized
light. The temperature of the mesophase pitch is raised
under a controlled rate and the temperature at which
the mesbphase pitch commences to deform is noted as
the softening temperature.

As used herein, softening point or softening
temperature will refer to the temperature determined
by the Mettler procedure for both precursor and meso-

phase pitches.
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According to the present invention there is provided
a mesophase pitch contaiﬁing at least about 707 by weight
mesophase produced from physical operations without
chemical operations on a carbonaceous precursor pitch so
that the mesophase pitch possesses a molecular weight
distribution wherein at least about 75% of the molecules
bave a molecular weight in the range of from about 600 to
about 1300, less than about 107 of the molecules have
a moleéular weight less than about 600; and less than
about 157 of the molecules have a molecular weight more
than about 1300. )

Preferabl& the mesophase pitch éf the invention
possesses X-ray properites of interléyér spacing Co/2
of less than about 3.60 Angstroms and an apparent stack
height Lc of greater than sbout 20 Angstroms.

Preferably, the mesophase. pitch of the invention
contains at least abouf 90% by weight mesophase and
more pfeferably'about 100% by weight mesbphase.

The physiéal operations which can be used on the
carbonaceous precursor pitch include devolatilizing,
solvent extraction, a sequence of-solvent extraction;
chromatographic separation such as gel permeation chromato-
graphy, vacuum sublimation, blending of different
pitches any one of which might have been subjectéa to

the same operation, and combinations of the foregoing.
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According to another aspect of the present
invention there is provided a pitch fiber formed
from the mecophase pitch. The pitch fibre may be
formed without any chemical oberations e.g8. by
spinning. ZPreferadbly, the spinning is at a temper-
ature less than about 370°C. Conventional spinning
does not subject the pitch to a chemical change for
a temperature below about 57000. for the period of
time.the mesophase pitch is ab that elevated tempera-
ture.

Thus, the instant invention alléﬁs the formation
of a pitch fiber from a carbonaceous pitch without any
chenical operations. .

Generally, the solvents suitable for treaﬁiné Fhe
carbonaceous pitch include toluene, benzene, N, N-dimethyl
formamide, a mixture of toluene and petroleum ether, ;nd
carbon disulfide, of course, numerous other solvents are
suitable, particulary among conventional pitch solvents.
In any event, the suitability of a solvent can be deter-
mined easily in accordance with the :.nstant disclosure.
Some solvents which were found gnacceptable for obtaining
at lea;t about 707 by weight mesophase for certain pitches
include hitromethane, acetonitrile, ethylacetate, and
methyl ethyl ketone. It appears that the solubility
paraxceter of the solvents is not indicative of the
suitabilityv of the solvent.

In the conventional thermal mesophase process, the
carbonaceous precursor pitch is heated to effect polymer-
ization. The resultant mesophase pitch is characterized
by a molecular weight distribution which contains two

major peaks. The low molecular weight peak corresponds
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to components of the precursor pitch and the high
molecular weight peak corresponds to the molecules
produced by the thermal polymerization.

In contrast, the instant mesophase pitch poss-
esses a molecular weight distribution having a single
major. peak generally positioned between the two peaks
which would have arisen if the thermal polymerization
had been carried out.

In carrying the invention into effect, certain
embodiments have been selected for illustration in the
tables and for description in this specification.

Illustrative, non-limiting examples of the invention
are set out below. Numerous other examples can readily
be evolved in the light of the guiding principles and
teaching herein. The examples given herein are intended
to illustrate the invention and not in any sense to limit
the manner in which the invention can be practiced. The
parts and percentage§ recited herein, unless specifically

stated otherwise, refer to parts by weight and percentages

by weight. . -
Generally, the carbonaceous precursor pitch suitable
for carrying out the invention should be a precursor pitch

capable of forming a large-domained mesoﬁhase pitch by
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conventional thermal porcesses as set forth in the
aforementioned Singer patent no. 4,005,183. The
suitability of any carbonaceous pitch can be determined
in a straight forward manner in accordance with the
teachings herein.

There is, of course, an interrelationship between
the carbonaceous precursor pifch and the physical oper-
ations suitable and preferable for producing the meso-
phase pitch. The teachings herein provide the guide-
lines for selecting and optimizing the physical operations
for a particular carbonaceous pitch.

Example 1 S .

A commercially avzilable petroleum pitch was .
used in a solvent extraction operation. The petroleum
pitch had a softening temperature of about 130°C and had
0% P.I. and contained no mesophase.

Ten grams of the pitch were stirred with 200 ml
of toluene at room temperature for about one hour and
then filtered by vacuum filtration. The dried insolubles
or yield was about 8% by weight. The yield had a soften-
ing poinf of about 31%°C, eghibited 477 P.1., and contained
about 407 by weight mesophase.

Example 2

The Example 1 was repeated except that boiling
toluene was used. The yield was 6% by weight and the
mesophase content was about 1007 by weight.

Example 3
A commercially available petroleum pitch different

from the Example 1 was selected. The petroleum pitch
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had a softening temperafure of gbout 123°C and had about
0% P.I. and contained no mesophase.

The operations of the-Example 1 were repeated
except that the solvent was a 1:2 mixture of petroleum
ether and toluene. About 147 bj weight yield was
obtained and the yieid had a.softening temperature of
about 239°C and had about 3i P.I. and contained about
1007 bf weight mesophase.

Example &

The Example 3 was repeated .except that the

_solvent was a 1l:1 mixture of petroleum ether and

toluene. The yield was about 32% and.contained about’
50% by weight mesophase.
Example 5

The mesophase pitch of the Example 3 was spun into
fibers on & monofilamenﬁ spinning machine at about 290°C.
The fibers had a diameter of ébout 20 micfons and were
thermoset by heating them in air at 2°C per minute to
about 375°C. The thermoset fibers were examined by -
polarized light microscopy and weré determined to contain
about 1007 anisotropic state. The thermoset fibers were
carbonized to 1700°C in an inert atmosphere in accordance
with conventional methods and tests on the carbonized
fibers exhibited a modulus of about 25 x 10° psi (172 GPa)
and 250,000 psi (1.72 GPa) tensile scrength.

The methods for making carbonized fibers from meso-
phase pitch are well knswn in the art and particular
reference is had to the aforementioned Singer natent no.

4,005,183 and Chwastiak patent no. 2,005,298.
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Example 6

A third type of commercially available petroleum
pitch was selected. The petroleum pitch had a softening
temperature of about 130°C. 1In accordance with the pre-
ferable exbodiment, the pitch was first distilled and the
new softening temperature was about 201°C with about 3%
P.I.-and 37 by weight mes&phaée.

Next, the pitch was solvent extracted as in the
Example 1 to give a yield of about 367 by weight, 417%
P.I., and about 907 by weight mesophase. The softening
temperature of the mesophase pitch was about 343°C.
Example 7 o,

The Example 6 was repeated exéept that the solvent
extraction was carried ot with boiling toluene. About
30% by weight yield was obtained with a softening tem-
perature of about 360°C. "The &ield had about 697 P.I.
and contained about 1007, by weight mesophase.

Example §

fhe Exanple 7 was repeated except that the solvent
extraction was carried out with benzene at a temperature
of about 80°C. The yield was about 30% by weight and had
about 55% P.I. and contained about 1007 by weight meso-
phase. The softening temperature was about 360°C.
Examnle 9

An air-blown petroleﬁm pitch having a sofﬁening
temperature of about 152°C was solvent extracted with
toluene at room temperature and gave a yield of about 347
by weight. The yield contained no mesophase. A similar
result was obtained for a pitch derived £rom pyrolysis

tar.
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Both of these pitches do not.yield large domain
mesophase when heat treated in accordance with convention-
al methods. This shows that such pitches do not appear
suitable for the invention.

Example 10

The petroleum pitch of the Example 6 was heated

-at a-temperature of gbout 390°C under an inert gas purge

for about one hour to remove the lowest molecular weight
components. About 217 by weight was distilled off and
the remaining pitch had a‘softening temperature of about
162°C, exhibited 0% P.I., énd'contained no mesophase.
Solvent extraction was éarried out at room tenper-
ature by stirring 2400 ml of toluene with 120 grams of
grouné up pitch. After filtering through a sintered
glass filter using vacuum suction, the yield was about
197 by weight. The yield had a softening temperature
of about 320°C, exhibited about 39% P.I., and contained
about 807 by weight mesophase.
Example 11
The Example 19 was repeated except that the solvent
extraction was carried out at about 110°C.

The yield was about 7% by weight. The yield had

e softening temperature of asbout 370°C, exhibited

about 647 P.I., and contained about 1007 by weight
mesophase.
Example 12

The distilled pitch of the Example 6 was solvent
extracted with boiling benzene by refluxing 50 grams of

the powdered pitch with 1000 ml for about two hours.
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The hot solution was filtered 6n a sintered glass
funnel and the yield was about 30% by weight. The
yield had a softening temperature of about 360°C,
exhibited about 557 P.I., and contained about 100% by
weight mesophase.

Examnie 13 )

The Example 6§ was repeated except that there was
no prior distillation. No insolubles éére obtained.
Example 14

The petroleum pitch of the Example 3 was solvent
extracted with petroleum ethe;. The yield was aboutsr
777 by weight and contained no mesophase. Further
solvent extraction with toluene in accordance with the
Example 3 produced about 17 by weight yield which
contained about 1007 by weight mesophase.

Example 15 o

.SolveAt extract?on was carried out on a coal tar
pitch having a softening temperature of about 125°C,
and about 07 mesophase. At réom‘temperature, 60 grams
of pitch was stirred with 1200 ml of toluene for about
two hours.  The yield was about 47% by weight. The
yield had a softening temperature of sbout 318°C,
exhibited zbout 537 P.I., and contained about 60% by

weight mesophase.
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Example 16

The coal tar pitch of the Example 15 was solvent
extracted by refluxing 29.5 grams of the pitch with
500 ml of toluene at a temperature of about 110°C for
about two hours. A 407 by weight yield contained about
857 by weight mesophase.

Example 17

Tests were carried out to determine mesophase
content as a function of blending soluble and insoluble
portions of the solvent extracted pitch.

For a napnthalene pitch éolvent extracted at room
temperature with toluene, it was determined that there
was a substantially linear relation;hip between mesophase
content by weight and inrfoluble content by weight for
the range of from about 107 to about 1007 by weight
mesophase which corresponded go the range of from about
35% to about 827 by weight of insolubles.

This relationship was substantially the same when
blendiﬁg experiments were performed using the soluble
and insoluble portions from the naphthalene pitch with
the corresponding fractions from the Example 3. For
example replacing a given weight of insolubles for the
naphthalene pitch with the same weight of insolubles
from the Example 3 produced the same mesophase content.
This is an unexpected result in view of the differences
in the chemical coépositions of the precursor pitches.
Example 18

Tests were conducted to determine the effect of

repeated solvent extraction.



10

P

20

.<25_

S . 0026647

-1 -

It has been founé that the exhaustive solvent
extraction with toluene at room temperature results
in a dininishing yielé and éirtually no measurable
mesophase.

Thus, this is an additional guideline for the
practice of the invention.-

Exam#le 19 '

Tests were carried out on the various yields
from the examples to determine the characteristics of
both the molecular weight distributioﬁs and x~ray
diffraction.

Using gel permeation chromatégraphy, the values
were determined for number average molecular weight
(*n), weight average molecular weight (Mw), and
z-average molecular weight (ﬁé?. Also, the quantita-
tive distribution of molecular weights was determined.

. In addition, x-ray diffraction measurements were
made to determine the values of Co/2 and Lec.

Table 1 shows the results pf these tests for -
mesophase pitches of various examples.

The molecular weight distribution data was obtained
in accordance with the aforementioned Lewis et al. patent
no. 3,976,729 and Chwastiak British patent 2,005,298,

The solvent employed in the gel permeation chromatographic

procedure was quinoline.
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For comparison, Table 2 shows mesophase pitches produced by
conventional thermal processes for pitches used in various examples.

TABLE 2
Precursor - Precursor Precursor
Pitch Pitch Pitch
Ex. 3 Ex. 6 to 14 Ex. 15, 17
Yield, % w6 46 55
" % Mesophase 100 100 100
2P I 47 61 65
Soft, Temp. °C 309 . 350 348
Mn 732 880 975
Mw 832 | 1026. - 1105
B, 954 1169 ' 1215
. Dw = Mw/Mn 1.137 1.166 1.133
Dz = Hz/Fn 1.303 .1.328 1.246
% Molecules, Mw< 600 36 21 12
% Molecules, Mw> 1300 10 | 2 29
% Molecules Between ' 54 55 60

600-1300

For completeness, Table 3 shows x-fay data for precursor
pitches prior to any operatioms.

TABLE 3
Precursor Precursor Percursor Naphthalene
Pitch . Pitch Pitch Pitch
Ex. 1 Ex. 6 Ex. 15 Ex. 17
" Co/2, A° © 4.06 4.11 3.71 4.23

Le, A° 8 8 12 7
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A comparison between the values for Co/2 and
Le for the precursor pitches as shown in the Table 3
to the values of the instant.mesophase pitch shows the

instant mesoﬁhase pitches exhibit substantizl molecular

.order due to the instant process. In particular, the

instant solvent extraction without any applied heat
transforms & relatively disordered precursor pitch
into a substantially ordered mesophase pitch.

It is interesting to compare the solubility
parameter 8 of various solvents to the mesophase content
of the pitch after treatment. Table 4 shows that the

acceptable and unacceptable solvents appear to fall

* within the same range.
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Example 20

The mesophase pitch of the Example 3 was melted at
a temperature of about 300°C-and stirred for about 30
minutes in an inert atmosphere in order to remove the
solvent. The product was spun-into monofilaments at a
temperature of about7300°C.- The és-spun fibers had a
diameter of 15 microns and 25 microns.

The 25 micron fibers were crushed to a powder and

" examined by x-ray. The Co/2 was measured as 3.54 Angstrom

and Lc was measured as 34 Angstrom. The x-ray data for the
mesophase pitch prior to spinning shcwed Co/2=3.58
Angstroms and Lc of about 25 Angstroms. s

The preferred orientation of the as-spun fibers was
measured as being about 30-,

By comparison, the as-spun.fibers made by conven-
tional processes as disclosed in the aforementioned Singer
patent no. 4,032,430 had a Co/2 of from 3.45 to 3.55
Angstroms, Lc of from 30 to 50 Angstroms, and a preferred
orientation of from 25° to 30°.

Additionally, the 15 micron fibers were thermoset
by heating in air at 2° per minute to about 375°C. The
thermoset fibers were examinad and contained about 100%
anisotropic state. The thermoset fibers were carbonized
to 1700°C in an inert atmosphere in accordance with
conventional methods and thé carbonized fibers exhibited

6

a modulus of about 28 x 10~ psi (193 GPa) and a tensile

strength of 273,000 psi (1.88 Gpa).
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I wish it to be understocd thaf I do not desire
to be limited to the exact details of construction
shown and described, for obvious modifications will

occur to a person skilled in the art.
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CLAIMS

1. A mesophase pitch containing at least about
70% by weight mesophase characterised by being produced
from physical operations without -chemical operations on
a carbonaceous precursor pitch so that the mesophase
pitch possesses a molecular weight distribution wherein
at least about 75% of the molecules have a molecular
weight in the range of from about 600 to about 1300,
less than 10% of the molecules have a molecular weight
less than about 600, and less than about 15% of the
molecules have a molecular weight of more than about
13%00.

2. A mesophase pitch as claimed in claim'ﬂ,
characterised in that the mesophase content is at least
about 90% by weight. . '

3. A mesophase pitch as claimed in claim 1 or 2,
characterised in that the mesophése content is about
100% by weight. . . ’

4, A mesophase pitch as claimed in any one of the
preceding claims, characterised in that the x-ray
properties show an interatomis spacing Co/2 of less than

- about 3.60 Angstroms and an apparent stack height Lc of

greater than about 20 Angstroms.

5. A pitch fiber characterised in that it has been
formed from the mesophase of any one of the preceding
claims.

6. A process for producing a mesophase pitch
containing at least about 70% by weight mesophase
characterised by applying physical operations to a
carbonaceous precursor pitch. |

7. A process as claimed in claim 6, characterised
in that the physical operations include at least one step
of solvent extraction.

8. A process as claimed in claim 6 or 7, character- *
ised in that the physical operations include a sequence
of solvent extraction steps. '
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9. A process as claimed in clajim 6, 7 or 8,
characterised in that the solvent extraction is preceded
by distilling said carbonaceous pitch.

10. A process as claimed in any one of claims 6 to 9,
characterised in that solvent extraction is used with a
solvent selected from the group consisting of toluene,
benzene, N, N-dimethyl formamide, a mixture of toluene
and petroleum ether, and carbon disulfide. '

. 11. A process as claimed in any one of claims 6 to
10, characterised in that a mesophase pitch containing
a predetermined amount of mesophase is obtained by
blending together soluble and insoluble portions resulting
from solvent extraction on said carbonaceous precursor
pitch. -

12, A carbonized fiber made from a mesophase pitch
as claimed in any one of claims 1 to 4.
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